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Foreword 

The 13th International Conference on Human–Computer Interaction, HCI Interna-
tional 2009, was held in San Diego, California, USA, July 19–24, 2009, jointly with 
the Symposium on Human Interface (Japan) 2009, the 8th International Conference on 
Engineering Psychology and Cognitive Ergonomics, the 5th International Conference 
on Universal Access in Human–Computer Interaction, the Third International Confer-
ence on Virtual and Mixed Reality, the Third International Conference on Internation-
alization, Design and Global Development, the Third International Conference on 
Online Communities and Social Computing, the 5th International Conference on 
Augmented Cognition, the Second International Conference on Digital Human Model-
ing, and the First International Conference on Human Centered Design. 

A total of 4,348 individuals from academia, research institutes, industry and govern-
mental agencies from 73 countries submitted contributions, and 1,397 papers that were 
judged to be of high scientific quality were included in the program. These papers ad-
dress the latest research and development efforts and highlight the human aspects of the 
design and use of computing systems. The papers accepted for presentation thoroughly 
cover the entire field of human–computer interaction, addressing major advances in 
knowledge and effective use of computers in a variety of application areas. 

This volume, edited by Ben-Tzion Karsh, contains papers in the thematic area of 
Ergonomics and Health Aspects of Work with Computers, addressing the following 
major topics: 

• Ergonomics and Health in the Workplace  
• New Trends in Ergonomics  
• Interaction Devices and Environments  

The remaining volumes of the HCI International 2009 Proceedings are: 

• Volume 1, LNCS 5610, Human–Computer Interaction––New Trends (Part I), 
edited by Julie A. Jacko 

• Volume 2, LNCS 5611, Human–Computer Interaction––Novel Interaction 
Methods and Techniques (Part II), edited by Julie A. Jacko 

• Volume 3, LNCS 5612, Human–Computer Interaction––Ambient, Ubiqui-
tous and Intelligent Interaction (Part III), edited by Julie A. Jacko 

• Volume 4, LNCS 5613, Human–Computer Interaction––Interacting in Vari-
ous Application Domains (Part IV), edited by Julie A. Jacko 

• Volume 5, LNCS 5614, Universal Access in Human–Computer  
Interaction––Addressing Diversity (Part I), edited by Constantine  
Stephanidis 

• Volume 6, LNCS 5615, Universal Access in Human–Computer  
Interaction––Intelligent and Ubiquitous Interaction Environments (Part II), 
edited by Constantine Stephanidis 



VI Foreword 

• Volume 7, LNCS 5616, Universal Access in Human–Computer  
Interaction––Applications and Services (Part III), edited by Constantine 
Stephanidis 

• Volume 8, LNCS 5617, Human Interface and the Management of  
Information––Designing Information Environments (Part I), edited by  
Michael J. Smith and Gavriel Salvendy 

• Volume 9, LNCS 5618, Human Interface and the Management of  
Information––Information and Interaction (Part II), edited by Gavriel 
Salvendy and Michael J. Smith 

• Volume 10, LNCS 5619, Human Centered Design, edited by Masaaki Kurosu 
• Volume 11, LNCS 5620, Digital Human Modeling, edited by Vincent G. 

Duffy 
• Volume 12, LNCS 5621, Online Communities and Social Computing, edited 

by A. Ant Ozok and Panayiotis Zaphiris 
• Volume 13, LNCS 5622, Virtual and Mixed Reality, edited by Randall 

Shumaker 
• Volume 14, LNCS 5623, Internationalization, Design and Global Develop-

ment, edited by Nuray Aykin 
• Volume 16, LNAI 5638, The Foundations of Augmented Cognition: Neuro-

ergonomics and Operational Neuroscience, edited by Dylan Schmorrow, Ivy 
Estabrooke and Marc Grootjen 

• Volume 17, LNAI 5639, Engineering Psychology and Cognitive Ergonomics, 
edited by Don Harris 

 

I would like to thank the Program Chairs and the members of the Program Boards 
of all thematic areas, listed below, for their contribution to the highest scientific qual-
ity and the overall success of HCI International 2009. 
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Effects of the Workplace Game: A Case-Study into 
Anticipating Future Behavior of Office Workers 

Annelise de Jong1, Merlijn Kouprie1, and Evi De Bruyne2 

1 Delft University of Technology, Faculty of Industrial Design Engineering 
Landbergstraat 15, 2628 CE Delft, The Netherlands 

2 Center for People and Buildings, 
Kluyverweg 6, 2629 HT Delft, The Netherlands 

{A.M.deJong,E.deBruyne}@tudelft.nl, merlijnkouprie@gmail.com 

Abstract. This paper describes the evaluation of the Workplace Game regard-
ing the type of information that it provides. The Workplace Game is intended to 
make employees aware of the changes in the office and the implications thereof 
on their behaviour and way of working. The game might also be helpful for de-
signers or architects of future flexible offices. To find out what type of informa-
tion the game provides and if the information can be of use for designers the 
game was evaluated in an observational study of two playing sessions. The 
study showed that the Workplace Game stimulates employees to talk about their 
behaviour. The game makes players talk about their future work behaviour by 
eliciting information about their present work behaviour. However, the game 
needs adaptation to provide directions for designing future flexible offices. 
Recommendations how the game can be made helpful to designers of future 
flexible offices are discussed. 

Keywords: flexible office, participatory design game, empathic design, user 
experience, office layout, innovative office design, office behaviour. 

1   Introduction 

In modern society the needs of organizations change, not only in terms of internal 
economic growth but also due to the dynamic environment that they are a part of. It is 
essential to be able to adapt the workspace to these changing needs to support people 
in carrying out their activities, for instance in a proper exchange of knowledge when 
workers are dislocated. This adaptation of workspace often does not only entail a 
physical change of the office environment, but involves also a social change in peo-
ple’s ways of working.  

More and more Dutch companies change their existing office environment into an 
environment that is designed to stimulate flexibility, adaptation and social interaction. 
Office innovation often is a radical change and its success is largely dependent on the 
ways people are able to adapt to this new work environment, especially on the ways 
people are willing to adapt and committed to the change. Often, the failure of such a 
change is due to the fact that employees are not sufficiently involved in the creation of 
this new flexible office. They are not consulted on their present working behaviour or 
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asked to elaborate on their views of this future office environment. This makes them 
feel disengaged, which strongly influences their willingness to adapt to the new work 
environment. 

To engage people more into the process of changing the office environment, the 
Center for People and Building developed The Workplace Game. This game is in es-
sence a communication tool that enables office workers to exchange ideas about their 
(future) office environment and clarifies future implications of the changes. It consists 
of a game board that is designed to resemble an office floor plan, and a set of playing 
cards with multiple-choice questions that are divided into three categories: workplaces, 
meeting places, and facilities. Since the Workplace Game is designed to make employ-
ees have an open discussion about their office environment, the information it gener-
ates could be helpful for office space designers or architects, in the way that it could 
provide them with (future) behavioural information about the office workers [4]. 

This paper evaluates the Workplace Game in terms of the information that it pro-
vides for office space designers. We evaluate what type of information about work 
behaviour (in future flexible offices) the Workplace Game elicits and draw conclu-
sions for its potential use in designing future flexible office spaces. 

2   The Workplace Game 

In two previous articles the Workplace Game and its elements are explained in detail 
[3]. Here we will shortly summarise the goal of the game and introduce the case stud-
ies that were analysed in the present research. 

2.1   Goal 

The Workplace Game is a tool to facilitate user involvement in the implementation 
and management of innovative offices. It is developed as an evaluation tool to make 
employees aware of the changes in the office and the implications thereof on their 
way of working. When companies introduce a new office concept it is not enough to 
merely introduce the workers to this environment. Office users will need time to adapt 
to the new work situation, change and learn new behaviours that fit the new office 
situation. Simply telling the users what to do and how to react to the new situation of-
ten does not lead to the desired working behaviour. The Workplace Game facilitates 
broad user involvement in the process of change and helps people to prepare for and 
adapt to the future situation. 

The game has five goals: (1) it stimulates awareness of employees about the 
changes (to come) in the work environment, (2) it stimulates discovering of and dis-
cussion on new desired behaviour, (3) it creates awareness of employees about their 
own points of view, (4) it stimulates the development of shared values and norms, and 
(5) it creates input for the development of rules of conduct for the new situation. Us-
ing the game to provide input for a design process was not a consideration when it 
was first developed. 

The Workplace Game is aimed at the user (to be) of an innovative office environ-
ment and can be played before, during or after the implementation of the new context. 
One precondition is that the employees must have experience with, rather than knowl-
edge of, flexible offices. The most important ingredients of the game are the questions, 
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which state rather down-to-earth situations and workers’ responses to it. Each question 
is assigned to one of the following themes: information & knowledge, attitude & be-
haviour, and values & norms, which reflects loosely the layer theory of organisational 
culture of Schein [3]. 

2.2   Case Studies 

We analyzed two case studies in which the Workplace Game was played. Both were 
executed in one company that was about to change their existing office structure into 
a more dynamic structure, thus it was a scenario that was actually happening for the 
employees of the company and not just a simulation. The Workplace Game was 
played with the intention of introducing workers to their future working situation. We 
provided them with materials and guidelines to do so, and at the same time allow us to 
evaluate the game. Each study contained multiple groups, and each group consisted of 
several (3 to 5) employees. Before playing the game there was a short introduction, 
explaining the goal and the rules. The game ended after approximately one hour of 
playing, and afterwards there was a group discussion. We consider the discussion as 
part of the Workplace Game, because it forms a significant part of the game where 
shared values and norms can be created with the entire group. The two studies that we 
observed differed from each other: In the first session the choice of an innovative 
flexible office concept was presented without illustration of specific floor plan details, 
whereas in the second session the architect gave a detailed presentation of the future 
flexible office. In this paper we analyse both case studies, trying to discover the ex-
periences of the players regarding future flexible offices. 

3   People’s Experiences 

The experiences that people have are unique for each individual. If we can access 
those experiences we can use them as information and inspiration for designing new 
products and services. To study these experiences several methods can be applied [6]. 

Sanders and Dandavate [9] discussed the main issues designers have to deal with 
when trying to access these user experiences in terms of knowledge. People have ex-
plicit knowledge, which is knowledge on which they can inform us, because they are 
able to express this knowledge in words. Designers should listen to what users tell 
about their past experiences in interviews, however, they should be aware that the user 
could leave out significant details. Furthermore, designers can look at what people do, 
which provides them with observable information. Designers should look at how peo-
ple behave and how they use products. Again, however they should be aware that  
significant information could be missing; one can only observe present behaviour, not 
future behaviour or needs. To truly understand people’s experience a designer needs to 
gain a deep understanding of users and empathize with them [5]. Understanding how 
people feel provides the designer with tacit knowledge, knowledge that users cannot 
express in words, but that is of great importance to the designer. It reveals latent needs 
that can only be recognised in the future. Generative techniques enable us to reveal 
people’s knowledge, feelings and dreams for the future. Figure 1 shows the relation-
ships between the various techniques of gathering data described, and their ability to 
access these knowledge levels [10]. 
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Fig. 1. Different levels of knowledge about experience are accessed by different techniques 

3.1   Empathic Design Techniques 

Truly understanding people’s behaviour and intentions is difficult. Now that we are 
aware what layer of user knowledge we need to reach to get to know people’s dreams 
for the future, the question is how we can reach this layer, and whether the Workplace 
Game could be used to obtain access to it. 

Empathic design aims to “provide designers access to how users experience their 
material surroundings and the people in it, including themselves as key characters of 
their everyday lives” [7]. Techniques within the field of empathic design, such as gen-
erative techniques, often succeed in reaching the deeper levels of user experiences. 
What these techniques have in common is that they are primarily visual and focus on 
the creativity of a user, which serves as a common ground for connecting people from 
different disciplines. A designer can use empathic design techniques to explore the 
user’s life and to gain a deeper understanding of this life. Next to this, the designer is 
also inspired to imagine new and better possibilities for people. This inspiration can 
be used to create more useful and enjoyable things for people [5]. 

According to this theory Sanders [8] developed the ‘Make Tools’, which facilitate 
exchange between people who experience products and the people who design for ex-
periencing. The user is given a playful assignment around a certain theme and is 
asked to create something out if this, in a safe environment. By having users make ar-
tefacts and by asking them to tell stories about it they will be able to express their 
thoughts, feelings, and dreams for the future. The aim of the present study is to reveal 
whether the Workplace Game provides the designer with a deeper understanding of 
the user by accessing his or her latent needs, and if so, if the Workplace Game can be 
used as inspiration for designing new flexible offices. 

4   Evaluating the Workplace Game 

In the study presented here, we did a qualitative analysis of the game. We observed 
two sessions and compared the results in our analysis. Our aim was to gain an under-
standing of what type of information about working behaviour (in future flexible of-
fices) the Workplace Game elicits. The main research questions were: do players talk 
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about past, present, and/or future behaviour? And, do players talk about their prefer-
ences for their future flexible office? For the analysis we observed players and their 
utterances during the two sessions of the workplace game. 

4.1 The Sessions 

Session 1 – Results of the observations. The participants are very open when they 
start playing the game. It is explained that playing the game is about creating 
awareness about the workplace and their behaviour in it. One participant expresses 
her worries in advance that the management will only use the game for creating 
awareness. She emphasizes that if they would discover a real problem while playing, 
the management will need to take this problem into consideration. Awareness should 
not be the only outcome of the game, according to her, she also wants the 
management to use its output in the implementation of the future office environment. 

− The game stimulates talking about behaviour. 
Participants mainly talk about their behaviour in certain and specific situations, not 

about details regarding the layout of the new office. This could be explained by the 
fact that there already is a lot of clarity about the physical conditions of the new work-
place. Questions about facts (“Can you do office work, like phoning, in a concentra-
tion cell?”) and about rules (“Can your colleague leave his coat in the hallway, be-
cause he has no desk, however he has a locker?”) are clear and do not need any 
discussion. Questions about personal feelings (“Two colleagues are chatting in an 
open work space, what do you think about this?”) makes them talk about their own 
situation (“I would find it irritating, but I know I am a chatterbox too.”) and they 
open up to each other. Players conclude that the game made them think about their 
present behaviour. 
− The game stimulates talking about future behaviour. 

Most questions more or less steer the discussion towards a present or future situa-
tion (e.g. “Imagine, the concentration-cell is always occupied by the time you arrive 
at the office, what do you do?”). Sometimes the participants mention that it is difficult 
to imagine how it could be in the future, but they solve this by focusing on how they 
value their own and others behaviour at present. They say that whatever changes in 
the physical layout of the office, the present behaviour should be maintained or 
avoided. They conclude that it is important to make a list of rules about the most sim-
ple situations and behaviour in these situations. 
− The game stimulates talking about preferences concerning the future flexible  

office. 
When the question describes a problem that can occur in the workplace and asks 

for a solution the group discusses about what they would like themselves and what 
they find irritating. They think of physical solutions for this problem that can cause 
this negative behaviour to turn positive. For example: “Meeting places for informal 
discussions are not used, how can you solve this problem?” They point out that the 
rooms are situated too far away from the workplaces, and that the chairs in the rooms 
are not suitable for discussions, but more for studying individually. They state that if 
the location and the interior of the rooms were more inviting and attractive, they 
would go there more often. 
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Session 2 – Results of the observations. This session starts off a bit awkward, when 
one of the players does not seem to like to begin with the game, because the 
introduction of the workshop included a presentation of the design of the future 
office, which brought up many issues to deal with. 

− The game stimulates talking about behaviour. 
One participant wants to keep working the way he is working at present and he 

does not want to change his behaviour. After some questions he realizes that next to 
his own norms and values there are other people that you have to deal with in an open 
environment. He opens up a little, and says that he might has to adjust his behaviour 
in some situations, but he remains very sceptical about flexible offices. 
− The game stimulates talking about future behaviour. 

They discuss how situations are at present and project this to future situations. 
However, the employees have difficulties imagining how it would be like to work in 
an open office environment. The game made them realize that there obviously is a 
need for guidelines in the new environment. The current environment also has rules, 
but this behaviour seems more ‘natural’: no one ever thought about it. For the new 
environment different or additional rules must be developed to prevent workers from 
returning to their old habits and to stimulate them to make use of the new situation. 
− The game stimulates talking about preferences for the future flexible office. 

Players go into detailed descriptions of physical objects they want to have (e.g. “I 
want to have a place where I can plug in my water cooker.”). They start fantasizing 
about how they want their new office to be, especially in the discussion afterwards, 
when they have warmed up, the players start dreaming. Their enthusiasm however is 
slightly tempered by the presence of the architect. He mentions that the goal of this 
afternoon is to get to know the wishes of the employees, but he rejects many of their 
ideas. The main reason for this is that the basic layout and floor plan are already de-
signed. It is obvious that the employees are disappointed that their opinion is asked 
too late in the design process. They want to convey their preferences for the work en-
vironment, but the things that are still to be decided and open for discussion are 
minimal (e.g. “How many whiteboards does your department need?”). The architect 
tries to convince the employees by talking about his own experiences, but he does not 
ask people why they want things or why they feel a certain way. For example, one 
person wants a cabinet of 1.80m high, but it is not allowed to have higher cabinets 
than 1.20m. The interesting question here is why this person wants a cabinet of 1.80m 
high: does he have prototype models of 1.80m high? Does he have many documents 
to store? Or does he want privacy? 

To conclude we could say that the Workplace Game stimulates employees to talk 
about their behaviour. The game makes players talk about their future work behaviour 
by eliciting information about their present work behaviour. The players extrapolate 
this knowledge about their likes and dislikes to the future and imagine how they 
would behave. The playing cards with questions trigger them to talk about their pref-
erences for the future. Thus, the Workplace Game provides us with feelings of office 
workers in present situations ánd with dreams for future situations. 
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5   Discussion 

5.1   Conclusion 

Looking back to Figure 1, one might say that the Workplace Game uses the interview-
ing technique to get information. Participants were asked questions, which they an-
swered. To a certain extent this is true, however from the analysis we learned that 
people do talk about dreams and feelings about the new work situation, which is in-
formation from the deeper level of user knowledge. By playing the game the architect 
can reach a deeper understanding of the user, because tacit knowledge is brought up 
by revealing latent needs. 

It can be concluded that the Workplace Game has elements of generative tech-
niques. The questions themselves are an interviewing technique, but because of the 
way the questions are asked –by means of playing a game- they stimulate employees 
to dream about the future. Looking at literature about using games in design, games 
seem to be very useful in revealing unmet user needs. Games are helpful in creating a 
future vision, because they are structured, have explicit rules for participation and 
consist of carefully prepared activities. This makes the player feel engaged and the 
atmosphere informal, which allows players to communicate on the same level. Open-
ended assignments, like the questions of the Workplace Game, give the participants 
opportunity to interpret and influence according to their own opinion; and game-
boards and 3D pieces stimulate creativity [1], [2]. 

However, the Workplace Game does not provide directions for designing future 
flexible offices. This is mainly because the game is not aimed at generating ideas - it 
is designed as an evaluation and communication tool- so it does not stimulate creativ-
ity. But the main reason for the lack of creativity is that the game was played in a 
situation where the office design was almost completely determined. One participant 
mentioned that the game does not elicit what would be the most ideal workspace for 
herself, because it entailed the decision that was already taken of implementing flexi-
ble offices. Had the company not yet decided to take this direction, she might have 
expressed more latent needs and useful information for the architect. Other players 
wondered whether the moment the game was played is the right moment for playing, 
because it had already been decided that a flexible office would be their future. The 
architect who was present in the second session did not realize enough that he could 
still gain much inspiration from the employees, although he already designed much of 
the office; instead, he mainly defended his own design. 

Looking at literature that integrates understanding user needs and creating new 
ideas, e.g. contextmapping, we can see that a specific structured process is followed. 
The aim of contextmapping is twofold: it is used to elicit user information and it is also 
concerned with bringing the information to the design team so that it can serve as in-
spiration for new design ideas [10]. The process that is followed stimulates this. First 
the user is warmed up by means of sensitizers (i.e. “participants are triggered, en-
couraged and motivated to think, reflect, wonder and explore aspects of their personal 
context in their own time and environment.”) and after a week or so the individuals 
come together in a session in which the participants do generative exercises. The most 
useful information for the designer is a result of the sessions, since participants then 
start talking about the stories that are hidden behind the created artefacts. The genera-
tive exercises reveal people’s knowledge, feelings, and dreams for the future.  
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In the sessions with the Workplace Game we can conclude that the game func-
tioned as a sensitizing tool, it warmed up the people and made them aware. The dis-
cussion afterwards however, could have given much more useful information to the 
architect. To a certain extent the discussion revealed interesting information, but it did 
not provide a more profound understanding of the employees. 

5.2   Recommendations 

If the Workplace Game were ever to be used as a helpful tool for designing future of-
fice spaces, three important recommendations for adapting it are discussed: the mo-
ment in the design process to play the game, the people that are involved in playing 
the game, and the product (the game) itself. 

First of all, deciding on the moment to play the game in the design process (before, 
during, or after the design is made) is important for the results. When you want to en-
gage employees in the process of changing a traditional office into a flexible office, it 
is important to involve them as soon as possible. At this time employees can still have 
the feeling that nothing has been decided and that they can fully participate in devel-
oping the future office space. The information that results from playing can be used 
by an architect or designer as a source of inspiration to create innovative flexible of-
fices. On the contrary if the game is played after the flexible office is introduced the 
focus will lie more on evaluating and discussing behaviour. This results mainly in 
creating awareness amongst the employees and providing information about details 
for the architect. 

Secondly, the people that are involved in playing the game have a large influence 
on the end result. Players in the first session mention that they are already open for 
innovative offices, because they are members of a board that is concerned with these 
changes. They think that their less open minded colleagues might have a more diffi-
cult time playing this game, because they will more often be confronted with new 
situations. However, these employees should also be consulted in a session of the 
game, because they can provide insight into why there is resistance. Also, when the 
architect of the flexible office is present he should be aware of his position. He should 
solicit employees more for their opinion and should be open to all kinds of input from 
them. The employees are to be considered as experts of their own experiences, and 
the architect is the expert on the design. Not all experiences can be implemented in 
the design, but an attempt should be made by the architect to listen more attentively to 
discussion between the employees and be creative with their wishes. 

Thirdly, the Workplace Game itself, the product, has two elements that steers the 
information that results from the game session in a certain direction. First there are the 
playing cards that contain questions regarding present or future situations that steer 
the answers of the employees in a certain direction. When the architect focuses on 
discovering dreams for the future, it is important to find a good balance between pre-
sent and future behaviour. It might prove to be useful to make the employees more 
aware of their changing behaviour by clearly separating the present and future and 
then making of using that by letting people compare the two situations, as far as pos-
sible. A second element that predetermines the game results is the consensus coin. We 
noticed that people often try to reach consensus, even though this is not necessary and 
differences in opinion are always allowed. When they focus too much on reaching 
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consensus they might not express their individual dreams, and thus not provide the ar-
chitect with adequate information about their latent needs. In a situation where players 
instantly agree on an answer, there is no group discussion, which means that if this 
situation takes place, the architect is also left with very little information. 

6   Future Research Focus 

Although the Workplace Game does seem to provide interesting information for the 
architect, further research is recommended if it is to be used for designing future of-
fice spaces. It could be interesting to do a case study with a group of employees at the 
start of the office change process. The employees should have some knowledge about 
the change and be interested in thinking about it, but there should not be a already de-
termined office design. An architect could take part in the session to receive informa-
tion, but he or she should be instructed to not be too critical, or possibly a moderator 
should be used that leads the discussion. This can reveal what information the game 
actually provides for architects and what information is not provided. 

Another interesting focus for future research could be to use the Workplace Game 
as a sensitizing tool and develop a second Workplace Game which focuses on elicit-
ing useful information for the architect to serve as inspiration for a future flexible of-
fice. Two questions come to mind: Does an architect wants to involve users in his  
design process, and, is a game the right format to elicit user information? 
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Abstract. The purpose of this paper is to describe the development and use of 
management support measures in two worksite health promotion intervention 
trials. Results from the two intervention trials suggest that management support 
for health promotion can be assessed and tracked over time using both percep-
tual and observational measures. These results also provide initial evidence that 
an increase in management support can contribute to positive changes in health 
related behaviors and outcomes. Specifically, longitudinal results from the two 
studies suggest that interventions designed to increase management support for 
health promotion resulted in changes in perceptions of management support, ac-
tual changes in the work and organizational environment. Preliminary results in 
these studies also suggest that increased management support is important in 
weight loss. 

Keywords: health promotion, management support, organizational climate, 
workplace, worksite. 

1   Introduction 

Management support is typically viewed as a critical prerequisite to the success of 
workplace health promotion programming [5,23]. In our review of the relevant work-
place literatures, we found that management support is frequently mentioned and dis-
cussed but seldom operationalized or measured. Published reports of workplace health 
promotion interventions often address the steps that were taken to gain or build man-
agement support, and such activities are sometimes viewed as key components of the 
intervention. Occasionally, informant interviews or other qualitative data are presented 
to gauge the extent to which management facilitated or impeded implementation, or the 
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general extent to which efforts to boost support were successful. Actual attempts to 
quantitatively assess or track management support across time or between treatment 
conditions are quite rare. 

The basic idea of assessing management support intersects with the concept of or-
ganizational climate. Organizational climate has been defined as the shared percep-
tions held by members of an organization concerning the practices, procedures, and 
types of behaviors that get rewarded and supported in a particular setting [18]. In 
general, employee perceptions of management support play a key role in the forma-
tion of climate perceptions. Today, it is generally accepted that organizations have 
multiple climates rather than a single, all-inclusive climate. These so-called facet-
specific climates may include climates for customer service, occupational safety, 
innovation, risk-taking, and so forth. The climate literature contains numerous studies 
and instruments assessing the climate for workplace safety, but very few assessing the 
climate for health promotion. Published reviews of safety climate research indicate 
that perceptions of management support/commitment are perhaps the single most 
dominant component of safety climate [9,12,15]. 

Ribisl and Reischl’s [20] health climate questionnaire represents one of the few  
attempts to assess health-related climate factors within work organizations. Their in-
strument features 12 subscales. One of the subscales, “employer health orientation”, 
provides a global assessment of management support for health promotion. More re-
cently, Barrett and colleagues [1] developed an organizational leadership scale as part 
of the Alberta Health Project in Canada. This scale follows an organizational learning 
perspective, but is oriented more towards communities than workplaces.   

The purpose of this paper is to describe the development and use of management 
support measures in two worksite health promotion intervention trials. Both of these 
trials included intervention components that were specifically directed at demonstrat-
ing management support. Both intervention packages were developed using social-
ecological frameworks [4]. 

2   Worksite Physical Activity Trial 

This study evaluated the efficacy of a social-ecological intervention delivered at the 
workplace to increase leisure-time physical activity. A group–randomized 12-week 
intervention consisting of organizational action and personal and team goal-setting was 
implemented with 1,442 employees at 16 worksites of a large national retailer [8].  
Change in physical activity was analyzed using latent growth modeling (LGM) and 
latent transition analysis. Participants in the intervention had greater increases in mod-
erate and vigorous physical activity and walking compared to participants in a health 
education control condition. The proportion of participants that met a public health 
recommendation for regular participation in either moderate or vigorous physical activ-
ity remained near 25% at control sites during the study but increased to 51% at inter-
vention sites. 

The organizational action component of the intervention consisted of ecologically-
based environmental changes designed to integrate personal and environmental  
resources to promote physical activity. Specific components included: 1) senior man-
agement endorsement, 2) joint worker-management participation in program planning 
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and implementation through the establishment of a steering committee, 3) group and 
organizational goal-setting, and 4) environmental supports and prompts that publicized 
and facilitated physical activity. Group goal-setting was intended to promote social 
support, social networks, and competition, but these variables were not evaluated as 
mediators of the intervention.   

We assessed participant perceptions of management support and employee in-
volvement at three time points: baseline, mid-point of intervention, and at the end of 
the intervention period. Management support for employee physical activity was as-
sessed using a five-item scale derived from the physical activity portion of Heart 
Check, a worksite health promotion assessment instrument [11]. This scale included 
items such as: “Management at my worksite directly supports my physical activity 
goals.” Employee involvement was measured using a 4-item scale adapted from the 
high involvement work processes literature [22]. The scale was designed to capture the 
four components of PIRK framework of high involvement work processes: Power, 
Information, Rewards, and Knowledge [14], and feature items such as: “In general, 
employees at my worksite are actively involved in shaping practices, systems, or 
methods for enhancing greater physical activity and exercise while at work.” Both 
measures used 5-point Likert-type scales (“strongly agree” to “strongly disagree”) with 
a neutral midpoint. In the present sample, scores on each measure conformed to a sin-
gle factor. Internal consistency (Cronbach α) was .92 to .94 for management support 
and .83 to .87 for employee involvement.  

The LGM for management support provided acceptable fit to the data in the inter-
vention and control groups. The fit of the LGM for employee involvement was good 

 
Table 1. Means and standard deviations (SD) for perceived management support, employee 
involvement, and physical activity for control and treatment groups 

 
Measure  Time 1 Time 2 Time 3 

Control Perceived management support Mean 3.16 3.13 3.05 

  SD 0.93 0.92 0.96 
 Employee involvement Mean 2.74 2.92 2.94 
  SD 0.78 1.08 0.99 
 Physical activity (MET-minutes) Mean 1552 1531 1848 
  SD 1781 2002 2450 
Treatment Perceived management support Mean 3.38 3.48 3.43 
  SD 0.87 0.90 0.90 
 Employee involvement Mean 3.22 3.45 3.52 
  SD 0.76 1.18 1.39 
 Physical activity (MET-minutes) 

Mean 1910 2562 2838 
  SD 2294 2469 2811 
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in the intervention group but less acceptable in the control group. Groups did not 
differ on initial status (p > .05). There were linear increases in management support  
(p < .05) and employment involvement (p < .001) in the intervention group but a 
decrease in management support (p <.05) and no change in employment involvement 
in the control group. Results were not substantively different after adjustment for 
demographic variables. 

In addition, management support and employee involvement were significantly cor-
related across all three time points (Time 1 r = .464, p < .001; Time 2 r = .526, p < .001; 
Time 3 r = .571, p < .001). Management support was significantly correlated with 
physical activity at all time points (Time 1 r = .101, p = .003; Time 2 r = .114, p = .001; 
Time 3 r = .071, p = .05). Finally, employee involvement and physical activity were 
significantly correlated but only at Time 1 (r = .066, p = .05). Table 1 contains treatment 
and control group means for each measurement period. Physical activity was assessed 
using the International Physical Activity Questionnaire (IPAQ) [14]. 

3   Worksite Weight Management Trial 

This quasi-experimental cohort study was conducted with employees at nine treat-
ment sites (n = 8,013) and three control sites (N = 2,269) of a major chemical manu-
facturing company. Again, following a social-ecological paradigm, two levels of 
intervention were designed to improve environmental and organizational supports for 
healthy eating and physical activity. The first level (moderate intensity) included a set 
of evidence-based environmental interventions (e.g., healthy vending options) that 
should be relatively easy and inexpensive to implement in a wide variety of work 
settings. The second level (high intensity) added in several additional components 
designed to reflect a high degree of management support for and engagement with 
weight management activities (worksite goal setting, reporting to senior management, 
etc.). The intervention period for this study was two years. As part of the formative 
research for this project [23], we developed two measures designed to assess different 
aspects of the management support:  the LBE and the EAT. 

3.1   The Leading by Example Questionnaire (LBE) 

We sought to develop a brief, self-report instrument that could be used in two ways. 
The first use was to provide an overall global assessment of management support for 
health promotion within a variety of different types of workplaces. As such, a single 
administration of the LBE could be used to diagnose specific areas in which the 
health promotion climate might support or hinder programmatic efforts. The second 
use envisioned for the instrument was to assess or monitor change over time through 
repeated administrations.    

In searching for a starting point for instrument development, we found the “Leading 
by Example” (LBE) questionnaire, which was developed by the Partnership for Pre-
vention [17]. The questionnaire had been used as a descriptive/educational tool as part 
of the Partnership’s broader Leading by Example initiative. With permission from the 
Partnership, we adopted their tool as the foundation for the current instrument. The 
original LBE provided a core of seven items directly related to management support, 
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commitment, and engagement. Additionally, new items were generated, critiqued, and 
revised by the research team through a series of team meetings and conference calls. 
The new items addressed topics such as health promotion goal setting and alignment, 
leadership training, communication, culture building, and financial and other supports 
for health promotion. All items, both old and new, were edited for use with employees 
of all educational levels. These items were measured using a five-point Likert scale, 
with a neutral midpoint (“strongly agree” to “strongly disagree”). 

The adapted questionnaire was pilot tested using a small sample of employees at 
one of the control sites participating in the larger intervention study. Then, as part of 
formative research activities for the larger intervention study, the draft LBE was ad-
ministered to groups of employees at the other 11 sites participating in the study. Reli-
ability and validity were assessed using a combination of exploratory and confirmatory 
factor analyses. This sequence of procedures produced a 13-item scale consisting of 
four subscales:  business alignment with health promotion objectives (e.g., “Our site 
health promotion programs are aligned with our business goals”), awareness of the 
economics of health and productivity (e.g., “Employees at all levels are educated about 
the true cost of health care and its effects on business success”), worksite support for 
health promotion (e.g., “This site offers incentives for employees to stay healthy, re-
duce their high risk behaviors, and/or practice a healthy life style”), and leadership 
support for health promotion (e.g., “The organization provides our site leadership train-
ing on the importance of employee health”).  A more detailed explanation of the psy-
chometric procedures used to develop this measure can be found in Della et al. [7]. 

LBE data were collected at four time points (baseline, intervention year one, inter-
vention year two, and post-intervention) and biometric and other outcomes were  

 
Table 2. Means and standard deviations (SD) for LBE factor scores for control and intervention 
groups at baseline (B), intervention year one (I – Yr 1), intervention year two (I – Yr 2), and 
post-intervention (PI) 

 Measure  B I – Yr 1 I – Yr 2 PI 
Control Mean 3.41 3.08 3.49 3.36 
 

Business alignment 
with health objectives SD 0.78 0.75 0.85 0.75 

 Mean 3.08 2.97 3.15 3.02 
 

Awareness of the 
economics of health SD 0.66 0.82 0.95 0.90 

 Mean 3.32 3.23 3.62 3.65 
 

Worksite support for 
health promotion SD 0.61 0.72 0.87 0.70 

 Mean 3.15 3.27 3.37 3.46 
 

Leadership support for 
health promotion SD 0.53 0.74 0.83 0.91 

Intervention Mean 3.10 3.60 3.58 3.48 
 

Business alignment 
with health objectives SD 0.84 0.70 0.74 0.73 

 Mean 2.65 3.34 3.26 3.3 
 

Awareness of the 
economics of health SD 0.73 0.84 0.78 0.8 

 Mean 2.99 3.44 3.53 3.52 
 

Worksite support for 
health promotion SD 0.72 0.70 0.64 0.7 

 Mean 3.26 3.73 3.54 3.59 
 

Leadership support for 
health promotion SD 0.72 0.68 0.72 0.69 
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collected at three time points (baseline, mid-intervention, and post-intervention). The 
LBE factor-scores (see Table 2) reflected changes over time across intervention lev-
els, particularly for the business alignment with health objectives factor (p = .010), 
awareness of health economics of health and productivity factor (p = .060), and work-
site support for health promotion factor (p = .085). Changes in LBE factor scores 
were also related to the primary study outcome of weight loss, with a 6.4% increase in 
the prevalence of employees who lost or maintained their weight per point increase in 
the total LBE score (p = .060) 

3.2   The Environmental Assessment Tool (EAT) 

This measure is essentially an audit tool that can be used to assess workplace supports 
for healthy eating, weight management, and physical activity. The EAT was developed 
in three stages: contextual analysis and literature review, prototype development, and 
pilot testing [6]. The contextual analysis involved working cooperatively with corpo-
rate staff to become familiar with the specific work and operational environments and 
the broader site and location characteristics of the facilities participating in the project. 
The EAT integrated the physical characteristics of the worksite, features of the infor-
mation environment, and characteristics of the immediate neighborhood around the 
workplace from the previously developed CHEW (Checklist of Health Promotion 
Environments at Worksites) instrument [16], as well as characteristics of employer and 
administrative support from the Heart Check instrument [11]. Questions for the EAT 
were developed around these concepts as they applied specifically to environmental 
physical activity and obesity management interventions. These questions addressed the 
job factors, physical and social-organizational work environment, and socio-cultural 
and economic/legal environment variables found in DeJoy and Southern’s [4] social-
ecological model for workplace environmental interventions. 

The final EAT prototype consisted of two sections, one completed by site staff and 
the other by independent observers who toured the site and recorded their observa-
tions. The portion to be completed by site staff consisted of questions that could best 
be answered by those closely affiliated with the site, and included such topics as work 
rules and requirements, current health promotion programs and services, and formal 
policies that support or facilitate healthy eating and/or physical activity participation. 
The EAT instrument has three subscales, pertaining to 1) Physical Activity, 2) Nutri-
tion and Weight Management, and 3) Organizational Characteristics and Support. 

A 100-point scoring system was developed to permit quantitative comparisons of 
environmental supports across control and treatment sites and to monitor changes 
over time. A weighting exercise was performed to assess the relative importance of 
each component in terms of supporting nutrition and weight management and physi-
cal activity in the workplace context. 

As with the LBE, EAT data were collected at four time points (baseline, interven-
tion year one, intervention year two, and post-intervention). The EAT sub-scores  
(see Table 3) reflected the environmental changes implemented as part of the interven-
tion. Intervention sites demonstrated significantly greater changes in EAT scores, from 
baseline to intervention year two, compared to control sites for the nutrition and weight 
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management (β = 8.28, p = .012) and organizational support (β = 6.59, p = .010) scales 
as well as the total EAT score (β = 16.10, p = .002). Changes in the total EAT scores 
were also related to the primary study outcome of weight loss, with a 0.4% increase in 
the prevalence of employees who lost weight per point increase in the total EAT score 
(p = .013). Changes in the EAT organizational support, physical activity, and nutrition 
and weight management scales demonstrated similar trends. Table 3 shows EAT sub-
scores for each of the four measurement periods for the three treatment groups. 

Table 3. Means for EAT sub-scales for control, moderate and intense treatment groups at 
baseline (B), intervention year one (I – Yr 1), intervention year two (I – Yr 2), and post-
intervention (PI) 

 Measure B I – Yr 1 I – Yr 2 PI 
Control Access to physical activity 

(32 possible points) 12.0 13.3 10.4 10.0 

 Nutrition and weight management 
(32 possible points) 2.5 3.6 2.8 2.7 

 Organizational characteristics and 
support (36 possible points) 21.0 15.0 17.0 14.0 

Treatment Access to physical activity 
(32 possible points) 9.3 10.4 11.4 12.4 

 Nutrition and weight management 
(32 possible points) 8.7 15.9 14.5 18.9 

 Organizational characteristics and 
support (36 possible points) 18.6 18.7 21.2 18.9 

4   Discussion 

At a very fundamental level, no worksite health promotion programming occurs with-
out at least some basic level of support from management. After all, management sets 
the policies, determines goals and priorities, and allocates budget and other resources. 
The findings summarized in this paper suggest that the level of management support 
for health promotion can be assessed and tracked across time using both perceptual and 
observational measures. Brief questionnaires such as the LBE can be used to assess 
employee or stakeholder perceptions of management support. The factor or subscale 
scores from the LBE can be used to provide basic diagnostic information concerning 
the organization’s strengths and weaknesses. Observational tools such as the EAT can 
be used to gauge the degree to which management support translates into work envi-
ronments that support and reinforce positive health behaviors. Both types of measures 
can serve as process evaluation measures of implementation fidelity or as checks on 
the effectiveness of manipulations and, therefore, can be used to determine whether 
intended changes related to management support have actually occurred. 

The longitudinal results from the two intervention studies suggest that interven-
tions designed to reflect increased management support result in changes in em-
ployee perceptions of support, as well as actual changes in work and organizational 
 



20 D.M. DeJoy et al. 

environments consistent with management support. These results also provide 
someinitial evidence that increased levels of management support can contribute to 
producing beneficial changes in health-related behaviors and outcomes. These re-
sults, however, are preliminary and more in depth and sophisticated analyses are 
clearly needed. 

As argued at the beginning of this paper, management support for health promotion 
is a reflection of organizational climate. In the organizational behavior and manage-
ment literatures, positive effects associated with increased management support have 
often been ascribed to a recalibration of the exchange relationship or the psychological 
contract, which exists between employers and employees [19, 21]. In simple terms, if 
your employer does more for you or otherwise demonstrates that you are valued by the 
organization, you are likely to reciprocate by expending more effort to help the organi-
zation reach its goals. This additional effort may extend beyond mere job performance 
and include other extra-role or citizenship behaviors. Citizenship behavior is not al-
ways completely altruistic, in that, some employees may see such behavior as a good 
way to increase their visibility within the organization or to impress their bosses with 
their initiative and team spirit [13]. Employee participation in health promotion pro-
gramming itself fits the definition of organizational citizenship behavior. It is seldom a 
job requirement to participate in a worksite health promotion program. It follows, then, 
that demonstrations of management support may be quite important in boosting em-
ployee acceptance and participation in these programs.   

Employers have a variety of motives for offering health promotion programs to their 
employees, including cost containment, productivity enhancement, absenteeism reduc-
tion, and improved recruitment and retention. Offering a health promotion program to 
employees is, by itself, a reflection of some level of management support for the health 
and well-being of the workforce. But how well this message is conveyed depends on the 
extent to which the message is consistent with other messages in the organization. A 
health promotion program is basically a human resource management (HRM) strategy 
and part of the organization’s overall HRM system. Broad-based employee acceptance 
of health promotion efforts will likely depend on the extent to which the health promo-
tion initiative is perceived as being congruent with other components of the overall 
HRM system. Employees will perceive enhanced management support for health pro-
motion and respond appropriately only if this message is consistent with other messages 
and sources of evidence at their disposal [21,2]. In creating an organizational climate 
that values good health practices, there must be consistency in messages and the various 
HRM programs and practices should complement each other and make logical sense to 
employees. Too often, the health promotion message within organizations is frag-
mented, indistinct, and largely inconsistent with other apparent priorities. A strong cli-
mate for health promotion will exist when there is a high level of agreement among 
employees that health promotion is important and supported by the organization.  
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Abstract. In this study two seats were used by workers having shared and 
workers having owned work spaces. 51 subjects (22 female, 29 male) partici-
pated in a six week experiment in a naturalistic setting. The chairs were differ-
ent with respect to adjustability options, design of controls and external design. 
Most of the subjects adjusted the office chairs the first time for seat height, arm 
rest height and back rest inclination. Adjustment times of seat height and arm-
rest height were shorter for chair A. Back rest pressure adjustment takes much 
time and it is difficult to adjust this without instruction. The workers having 
shared desks adjust their chair more often and are faster in the adjustment of the 
backrest pressure compared with workers with an owned work space. The qual-
ity of adjustments of seat height, arm rest and back rest pressure was improved 
by an instruction for 32% of the subjects. 

Keywords: office chair, shared workspace, chair controls, adjustment time. 

1   Introduction 

Of all EU work, 47% is white collar work, which is predominantly done in offices and 
this percentage is still growing [9]. The consequence of a growing service sector is that 
more people use office chairs. Of course it is of importance that this population can 
work productive, comfortable and without complaints. A couple of studies has shown 
that a good adjustable chair in combination with an ergonomic training increases the 
productivity and reduces musculoskeletal complaints [6], [9]. On the other hand a 
Dutch-Spanish study showed that the number of persons adjusting their chair is very 
low. 30-60% of the working population never adjusts their chair [12]. The 30% was in 
the Spanish group where seats were less complex to adjust. So, a possible explanation 
for not adjusting could be the complexity of the control system. The question is “what 
is a good adjustable chair”? A good design of the controls is important, but what is a 
good design? When the controls are in a logical intuitive position and the adjustment 
time are low usability increases, but is that enough? [7]. From the functionality per-
spective it is important to take the work task into account as different work tasks cause 
different body dynamics [2], [3], [4], [6], [11], and therefore different tasks might need 



24 L. Groenesteijn, M. Blok, and M. Formanoy 

 

different chair adjustability options. In this context a study showed that different chair 
preferences were found in relation to different function types [8].  

In this study the user type in terms of work tasks and mobility in combination with 
the fit with particular adjustment properties was carried out. As there is a number of 
organizations that move from conventional offices with owned work spaces to more 
open and transparent offices with shared workplaces [10] the differences between 
workers using one workstation and users that do not have a fixed work station is be-
coming of importance. Therefore, in this study these two groups (a group having 
owned work spaces and a group having shared work spaces) are taken into the study 
population. The effects of chair characteristics and user type on number of adjust-
ments made, adjustment times and adjustment quality are presented in this paper.  

2   Methods 

The study was carried out in a real office environment of an international consultancy 
company for Information Technology. Out of the 60 subjects that start the experi-
ment, 51 subjects (22 female, 29 male) participated the whole 6 weeks during experi-
ment. The mean ages were 42.5 years (SD 10.9 years). One group of 17 subjects had 
an owned work space and one group of 34 subjects used shared work spaces. Some-
times this is called hotelling. The “owned work space users” had mainly administra-
tive functions and secretary work. About one third of their function consisted of call 
centre work. The “shared work space users” had mainly consultancy functions.  Ini-
tially the user type groups were more equal in number, but nine flexible work stations 
users could not complete the experiment.  Due to the consultancy work they were no 
longer at work in their own office environment.  

 
 

 

Fig. 1. The experimental chairs A (left) and B (right) 

The two types of office chairs, chair A and B, of this study differed with respect to 
adjustability options, design of controls and external design (see fig. 1). The original 
chairs normally meet the European standard, but for this experiment chair A was 
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supplied with fewer options (see table two for adjustability options). So, chair A was 
seen as the easy adjustable chair and chair B as the more complex adjustable chair. 
None of the subjects was familiar with the chairs before the experiment. They were 
used to an office chair meeting the Dutch and European standards. The subjects used 
each chair for three weeks in a systematically varied order (30 subjects started with 
chair A and 30 subjects with chair B). 

Initial chair adjustments by the subjects were observed. After two weeks of getting 
used to the chair the subjects were one by one invited to a separate meeting room with 
their ‘own’ test chair. 
The following measurements were performed: 

1. To define user adjustments; seat height, seat depth (chair B only), arm rest height, 
space between arm rest (chair A only), backrest angle, backrest height (chair A 
only), use of the dynamic mode and back rest pressure. 

2. Time to adjust seat height, arm rest height, seat depth and back rest pressure by use 
of a stopwatch. From a default chair setting (lowest position armrest, seat, backrest, 
maximum upright and fixed back rest, minimum seat depth and lowest back rest 
pressure) the subject adjusted the chair in a fixed order to his/her personal location 
and each subject was encouraged to get comfortable in the chair. This was repeated 
two times. 

3. Chair related body dimensions; lower leg length, upper leg length and height be-
tween posterior seat surface and elbow bone (table 1). 

4. Quality of the adjustments before and after instructions. This is a combination of 
chair adjustment and chair related body dimensions. 

5. A questionnaire to define user characteristics,  work task characteristics, user-
friendliness of the chair in terms of adjustability, functionality, task suitability, 
work related musculoskeletal disorders and comfort 

Table 1. Chair related body dimensions of the subjects in centimeters 

 
Lower leg 

length 
Upper leg 

length 
Seat surface-
elbow height 

Mean 
47.6 48.2 20.7 

Std. Deviation 
2.7 3.5 2.5 

Minimum 
43.0 42.0 16.0 

Maximum 
55.0 57.0 27.0 

 
At the end of the third week the adjustments the users made were measured again 

to define whether and how the chair was adjusted in the last week. Then the second 
chair was presented to the subject and the protocol was repeated. 
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3   Results 

Chair Adjustments Made 
No significant differences between chairs are found from the questionnaire in how 
often the subjects do adjustments their chair. The majority (62%) only adjusted the 
chair when they received the chair at the start of the three weeks. 16% adjusted it more 
than once a week. Weekly adjustments were made by 11% of the subjects. Table 2 
shows which parts of the chair were adjusted when the subjects received the chair. 
There are no significant differences between the comparable chair parts of chair A and 
B in the observed (and questioned) adjustment numbers. Seat height and armrest height 
are most often adjusted followed by back rest inclination. Space between armrests and 
the dynamic mode are the least adjusted chair options. 

Table 2. Adjustment of the chair element when subjects received the chair (% yes) 

  

Seat 
height 
 

Seat 
depth 
 

Armre 
st  
height 
 

Inter 
armre
st 
space 

Dyna
-mic 
mode 

Back  
rest 
pressure 
 

Back 
rest 
inclina-
tion 

Lumb 
ar 
support 

 
Chair A 

95% - 83% 10% 15% 18% 70% - 

Chair B 
92% 31% 90% - 21% 33% 42% 28% 

Adjustment Times  
The first time the adjustment time was shorter for chair A compared with chair B 
concerning armrest height adjustment and seat height adjustment. The second time 
only the arm rest height adjustment time was significantly shorter. The first time ad-
justments were significantly faster than the second time with exception of the armrest 
of chair B. The back rest pressure (used in dynamic mode) was very difficult to ad-
just. In the first attempt 62% of the subjects were not able to find or adjust de backrest 
pressure of chair A in a proper way. For chair B 36% of the subjects didn’t do it in a 
proper way. 

User type 
Chair use of the experimental chairs for one work station users is 85% of the total 
work time and 65% for the flexible work stations users. Flexible workspace users 
adjusted their chair significantly more often (weekly - more than once a week) than 
the one station workers (when receiving chair – weekly). Chair height was adjusted 
by significantly more (96%) of one work station users compared to flexible work-
space users (87%). Significantly less one work station users workers (8%) changed 
the chair into dynamic mode compared to flexible workspace workers (39%). 
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Fig. 2. Average adjustment times (sec) for chair A an B in the first (1) and second time (2) 
measurements 

The work tasks of “one work station users” consist significantly more of reading 
and writing, calling, archiving and filing than the “flexible workspace users”. The two 
user types perform the same level of intensive computer work 4-8 hours a day. 

Flexible workspace workers value operation of the backrest height control and 
space between armrest controls lower (on average a little worse) than fixed workers (a 
little good). Flexible workspace users faster adjusted the backrest pressure of chair A 
the second time. Lower leg length of flexible workspace users was significantly 
longer (average 0.49 m) compared fixed (average 0.47 m).  

Instruction 
After an instruction the average seat height is significantly lower than before for both 
chairs. 32% of the subjects made after instruction a substantial change in seat height 
of at least 2 cm in comparison to their initial adjusted seat height. The variation range 
in comparison to their lower leg length is -3 < 0 > 3 to lower leg length. 43% made a 
substantial change in armrest height after instruction of at least 2 cm in comparison to 
their initial adjustment. The range is -2 < 0 > 2 cm in relation to seat surface – elbow 
height. The backrest pressure felt for 79% of the subjects comfortable after instruc-
tion. For 19% there was no comfortable feeling achieved after instruction. 

4   Conclusions 

Most office chair elements were only adjusted once during use. When subjects do 
adjust the chair mostly the seat height, arm rest height and back rest inclination is 
adapted. Space between arm rests and the dynamic mode are the least used chair ad-
justment options. 

Adjustment times of seat height and armrest height were shorter for the simple 
chair (chair A). There was no relationship with the number of adjustments, showing 
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that adjustment time was not the most crucial factor. Back rest pressure adaptation 
takes much time and for many subjects it was very difficult to adjust this without 
instruction. The shared work space users are faster in the adjustment of backrest pres-
sure the second time compared with the subjects having an owned work space. 

Differences in adjustment frequencies are also found between worker types. Shared 
workspace workers adjust more often. 

The quality of the initial adjustments of seat height, arm rest and back rest pressure 
was improved by an instruction for 32% of the subjects, showing the importance of 
instructions. 
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Abstract. Drawing from the findings within the safety literature, the present 
study identifies the effects of leadership on an organizational health culture and 
strain. The importance of leadership for the development of a corporate health 
culture is demonstrated as well as the positive effect of health culture on em-
ployee strain level. Empirical data from a longitudinal study in the German tax 
administration is presented. Leadership has a positive impact on the develop-
ment of a corporate health culture, which in turn reduces employees’ strain 
level. Discussion addresses the similarities of health and safety leadership re-
garding effects and mediating processes. 

1   Introduction: From Health and Safety Management to Worksite 
Health Promotion 

Health and safety in organizations have often been treated as a single subject in the 
literature [28]. In Germany the classical domain, which dealt with employee health, has 
been that of occupational health and safety management. Primary focus of this ap-
proach was to protect workers and employees health from dangers and hazards origi-
nating from work or the working environment (e.g. accidents, contamination). A lot of 
research concerning health and safety management was carried out in production sites, 
power plants and military settings, where technical and organizational configurations 
served as barriers for the protection of employee health.  A second approach to em-
ployee health is worksite health promotion [10]. Studies here take place more often in 
office-settings. They build on the findings of health and safety management, but 
shifted the focus to employee health: Along with the World Health Organization 
(WHO) health is understood as “a state of complete physical, mental and social well-
being” [25], health promotion as a “process of enabling people to increase control over, 
and to improve their health” [25]. Worksite health promotion, particularly coping with 
stress therefore rests on a Job Demands-Resources Model JDR, [4], which draws from 
the salutogenetic approach of Antonovsky [1]. At the core of this model is the idea that 
employee health (and strain) is affected by two factors: First, job demands originating 
from the task, the workplace, the organization or the physical surroundings, which can 
induce strains and may have a negative effect on health and well-being. Second, job 
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resources (physical, social, psychological and organizational job characteristics), which 
have a buffering effect within this process by reducing job demands and strains as well 
as stimulating personal growth and development. Resources are categorized into inter-
nal (personal) and external. Personal resources are personality characteristics or quali-
fications like coping strategies, attribution styles or skills. External resources refer to 
the organizational and off-the-job settings and include amongst others factors of work-
place design and work organization, work autonomy, social support from friends, fam-
ily, but also colleagues and supervisors. Following an organizational management 
approach, top-management commitment and leadership (supervisor) support are seen 
as key resources for successful worksite health promotion [29]. Leadership qualities 
have shown to be an important explanatory psychosocial factor with regard to sick 
leave, employee health and well-being [8]. In addition to their direct influence on em-
ployee health, leaders are also seen as promoters of a supportive organizational climate 
and culture. Support of this view comes from findings within the safety promotion 
domain [31], [33]. Safety climate/ culture are seen as important outcomes of all health 
and safety initiatives [7]. However, empirical studies identifying leadership behaviors 
and culture together influencing health related variables within worksite health promo-
tion are rare. The present study tries to empirically support the claim of the prominent 
role of leadership and organizational health culture within clerical work. Data is pre-
sented from a longitudinal study in the German tax administration.  

2   The Role of Leadership and Organizational Culture in Safety 
and Health Management 

The impact of leaders on safe and healthy behavior of employees is twofold: First, 
management and leaders (to some extent) shape organizational processes and man-
agement sub-systems (e.g. human resource management). Through these systems they 
exert control over a variety of health-related physical and psycho-sociological charac-
teristics of work and the working environment e.g., the individual workload and 
amount of responsibilities, technical equipment, but also the organization of work like 
working hours or breaks [6]. As shown, within the JDR model these factors impose 
demands upon the employee, which in turn could lead to strains  [4]. Numerous stud-
ies underscore this relationship (e.g. review by Sonnentag & Frese, [19]). It could also 
be demonstrated that leadership has an impact on the design of these work character-
istics, and acts as a buffering resource for health relevant outcomes [16], [26]. In these 
studies work characteristics can also be regarded as mediators through which leader-
ship behaviors affect employee outcomes. For example the study by Wilson et al. [26] 
linked organizational attributes (e.g. policies and practices to facilitate employees’ 
abilities to balance work and non-work issues) to climate (which included involve-
ment with supervisor) and job design, which comprised workload, work scheduling, 
and physical work conditions.  

Second, leaders also influence safety behavior and health of employees through 
day-to-day direct and personal interaction and communication. Two distinct ways of 
influence can be identified:  
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1. The direct approach to immediate modification of behavior functions via behav-
ior control through training, personnel appraisal and reward systems. Behavior 
control has its origins in the operant perspective of role behavior and the con-
nected ABC framework (i.e. antecedents-behavior-consequences; Stajkovic & 
Luthans,[21]. Mainly two kinds of antecedents were used - goal setting and train-
ing - and three kinds of consequences, namely feedback, incentives, and social 
recognition. Antecedents have mostly been used in combination with positive 
consequences of some kind [9]. Modification of safety behavior by the ABC-
framework received impressive empirical support in particular on individual and 
group level [7], [22].  

2. The second (indirect) influence of leadership interaction on health and safety behav-
ior is through mediating variables. Strong evidence comes here from safety literature 
for the important role of safety climate and culture as important mediating variables 
[12]. Drawing from social cognitive learning theory, employee behavior is (among 
other factors) a function of perceived behavior of their environment. Leaders serve as 
role-models. Norms and values develop from this learning process, which may serve 
as leadership substitutes to guide employee behavior. While also operant and transac-
tional leadership behaviors are expected to have a beneficial effect on safety culture 
[7], ethical and transformational leadership seem to contribute even more to a sup-
portive safety culture. These leadership styles rest on value-based behavior, charisma 
and authenticity of the leader. Various studies confirm their direct positive impact on 
organizational safety culture/ climate and safety [3], [14], [32].  

However, reverse effects or additional mediators between leadership and safety 
like safety consciousness, safety communication, safety programs and initiatives as 
well as safety commitment have been examined. Other studies show even moderating 
effects of safety climate, safety priority or transformational leadership. In sum, the 
studies draw attention to the fact that leadership is a crucial variable to improve 
workplace safety. Safety climate is the most important mediator, but the mechanisms 
behind the effects are highly complex and yet not fully understood. 

Concerning health promotion, the direct leader employee interaction is also seen to 
be crucial for the success of organizational health promotion programs [29]. So far, 
only a few studies within the health promotion literature have addressed this issue. 
One study on a health promotion program on tobacco and alcohol use in the armed 
forces reported that successful implementation and retention of this program was 
largely dependent on leadership engagement for the program [27]. Another indication 
comes from a Swedish study at municipally human service organizations [8]. The 
impact of workplace health promotion initiatives was dependent on various leadership 
behaviors, such as participation, the attitude towards the cause of sick leave as well as 
respect, trust and open discussion. This finding also underpins the importance of a 
participative approach, which is seen as an important prerequisite for successful 
health [19], [28]. Westermayer and Stein [24] identified reliability and trust as the 
core factors of leadership influencing stress level and absenteeism. Transformational 
and ethical leadership, which rest on value-based behavior, charisma and authenticity, 
have proven to have a direct positive impact on the perception of work characteristics 
and employee well-being (e.g. Nielsen et al.[16] Arnold et al., [2]) and are negatively 
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related to stress symptoms and burnout (e.g. Hetland, Sandal, & Johnsen, [13]; Sosik 
& Godshalk,[20]). In some studies also reciprocal effects were found, indicating that 
well-being of employees at the first time of measurement had an effect on leadership 
behavior measured at the second point of time. This indicates that employee well-
being (and probably behavior) also impacts leader behavior [16],[23]. 

Summarizing the findings, culture is seen as a prominent mediator in both health 
and safety leadership in order to increase safety performance and health. Within 
health promotion, engagement of the leader for health promotion seems to be of rele-
vance for the success of health initiatives. While in the safety literature especially the 
studies of Zimolong and Elke [29] and Zohar and colleagues (e.g. Zohar & Tenne-
Gazit, [32]) addressed the issue of the importance of safety climate as a mediating 
variable, there are only few studies identifying leadership behaviors and culture to-
gether influencing health related variables. Longitudinal studies separating concurrent 
and long-term effects are also rare (Nielsen et al., [16]). Based on the empirical find-
ings in the safety literature, this analysis aims to identify the impact of leadership on 
strain in a longitudinal design, including corporate health (OH) culture as a mediating 
organizational resource. 

3   Method 

3.1   Design and Participants 

The sample consisted of 265 employees in four local tax offices in the German tax 
administration in North Rhine-Westfalia. Tax office size ranged from 188-293 em-
ployees. The 265 respondents represented 31.4% of all 982 employees in the four loca-
tions. Survey questionnaires were administered online during a two-week period with a 
six-month interval between the two sampling points. Questionnaire responses were 
completely anonymous, and participation was encouraged via emails but voluntary. 
Frequency of participation at t1 was 487 and 350 at t2. Participation rates in the tax 
offices ranged from 51.3% to 65.2%, at t1 from 36.5% to 53% at t2. Individuals were 
tracked by an individual code. In the analysis only data from employees were included, 
who responded at both sampling points, which led to the reduced sample size for the 
analysis of 265 employees. Socio-demographic data showed that 4.9% were younger 
than 30, 68.8% between 30 and 50 years, and 28.3% older than 50 years. About 72.1% 
of participants were female and 57.4% employed full-time. These figures mirror the 
actual distribution of the socio-demographic profile in the four tax offices. 

3.2   Instruments and Measures 

Study participants were provided an inventory comprising different questionnaires. 
Strain captured the level of irritation of the individual employee. It was measured 
using three items (α = .71/.76) from the irritation scale by Mohr et al. [15]. A sample 
item reads “I have problems to relax, even in my leisure time“.  
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Healthy leadership behavior and cultural scales are drawn from a short version of 
the Organizational Health and Safety (OHS) questionnaire (FAGS, [11] in press). The 
Organizational Health (OH) questionnaire follows the Job Demands–Resources 
Model (JDR) and addresses three different areas: Demands, individual resources of 
the employee, external resources provided by the organization, including leadership 
performance and assessment of OH culture.  

OH culture refers to the degree to which “health” is already integrated in the organ-
izational norms and values. It was measured with two items (α = .64/.66), such as 
“Health initiatives in my organization are either insufficient or inadequate” (reverse 
coded).  

Leadership behavior is measured in terms of general healthy leadership behaviors 
(HLB) and the engagement in health promotion of the leader (EHP).While HLB 
captures routine behaviors that have shown to have beneficial effects on employee 
health and well-being, such as setting objectives, giving feedback and recognition, 
employee participation and information (8 items, α = .87/.88, sample item: “My 
achievements are recognized by my supervisor”), EHP specifically captures the de-
gree of engagement of the leader regarding health promotion (7 items, α = .91/.92, 
sample item „My supervisor asks me to contribute my experiences to the implemen-
tation of the health project“). These scales are not regarded as leadership styles or 
types, but rather as an index for a set of leadership behaviors that have been identi-
fied to be related to health outcomes in the past. Exploratory factor analysis yielded 
the two main factors HLB and EHB, extracting 64% of the variance. Confirmatory 
factor analysis revealed a deeper second-order factor structure with the two factors 
each having two sub-factors: relationship and performance orientation, χ2 (101, 
N=265) =333.5; GFI = .92; CFI= .94; RMSEA= .069. All factor loading were psy-
chological substantial (>.30) except for one item, which was dropped from the scale. 
For the further analysis we used the second-order factors without taking into account 
the particular sub-orientation.  

Employees were asked to state their degree of agreement to various statements. 
Scales ranged from 1 to 5, 1 indicating “totally untrue” and 5 “exactly true”. 

3.3   Computational Methods 

In order to test concurrent and time-lagged direct and mediated effects, structural 
equation modeling (SEM) with manifest variables was applied using AMOS 16. 
Three different models were tested. The first model (M1) assumed full-mediation of 
the effect of EHP and HLB on strain (irritation) through OH culture. Synchronous 
mediation effects at each point of time were included as well as time-lagged media-
tion effects, i.e. that EHP/ HLB at t1 influenced OH culture at t2. The second model 
(M2) assumed only partial-mediation and in addition to the mediated effects allowed 
for direct effects. The third model (M3) integrated the findings of Van Dierendonck et 
al. [23] and allowed for reciprocal effects of irritation at t1 on leadership variables 
behavior at t2. 
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4   Results 

Table 1 shows the descriptive values and correlations among all study variables.  

Table 1. Means, standard deviations, alphas, and correlations among study variables 

Means SD 
Scale (# of items) 

t1 t2 t1 t2 
1 2 3 4 

1 
Healthy Lead-
ership Behavior 
(HLB, 8) 

3.14 3.15 (.81) (.83) .87/.88 .656** .227** -.137* 

2 
Engagement for 
Health Pro-
motion (EHP, 7) 

2.17 2.23 (.89) (.94) .630** .91/.92 .310** -0.041 

3 
OH 
Culture (2) 

3.30 3.37 (1.00) (.98) .264** .307** .66/.64 -.215** 

4 
Strain/  
Irritation (3) 

2.77 2.65 (.88) (.88) -.194** -0.065 -.171** .71/.76 

+Cronbach's Alphas are on the diagonal, correlations above represent t2 data, below t1 data; 
*≤.05, **≤.01, ***≤.001 

Table 2. Fit indices for longitudinal models testing for mediation 

Mod-
els 

χ2 Δ χ2 

(df Δ, p) 
NC 

(χ2/df)
GFI AGFI CFI RMSEA 

        

M 1 
13.819 
(df=13; 
p=.387) 

 1.06 .987 .963 .999 .015 

M 2 9.053 (df=8; 
p=.338) 

4.76 
(df Δ = 5; n.s.)

1.13 .992 .962 .998 .022 

M 3 6.274 (df=5; 
p=.280) 

7.58 
(df Δ=2; n.s.) 

1.25 .994 .958 .999 .031 

 
Means of all scales are rather stable over time, exhibiting only marginal changes. 

HLB means exceed at both times EHP. With means of 3.14 and 3.15 HLB lies 
slightly above the scale mean, while EHP lies clearly below (2.17/ 2.23). At both 
sampling points t1 and t2 correlations among the variables are as expected, indicating 
positive relationships between leadership and OH culture. Negative correlations are 
found for irritation and the remaining scales. The only correlation that neither became 
significant at t1 nor t2 is between EHP and irritation. Table 2 lists the fit indices for 
each model derived from the SEM. Although all models indicate satisfactory fit, M1 
(as indicated by the RMSEA and standardized chi-square (NC)) best fits the empirical 
data indicating that the effects of leadership on irritation are fully mediated via OH 
culture. Models M2 and M3 do not help the model indicated by a non-significant 
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change of Chi-Square ruling out reciprocal and direct effects. Coefficients of the 
added paths in M2 and M3 also fail to reach significance with the exception of HLB, 
which shows a significant direct relationship with irritation of -.11 (but only at t1). 
Figure 1 shows the M1 model with standardized path coefficients (non-significant 
paths are indicated by dotted lines). Stability paths (t1 – t2) of the measures indicate 
that rank order of subjects in respect of the measures remains rather stable (coeffi-
cients between .61 and .74). The two leadership scales (HLB and EHP) correlate 
around .60, indicating that engagement for health promotion (EHP) often comes to-
gether with (routine) healthy leadership behavior (HLB). 

Irritation t1
Irritation t1

OH
C ulture t1

OH
C ulture t1

.65**

HL B  t1
HL B  t1

HL B  t2
HL B  t2

E HP  t1
E HP  t1

E HP  t2
E HP  t2

OH 
C ulture t2

OH 
C ulture t2

Irritation t2
Irritation t2

.63** .61** .74**

.13 n.s .

.32**

- .20**

- .15**

.01 n.s .

.25**

- .08 n.s .

.01 n.s .
.59**

.60**

- .19*

 

Fig. 1. Standardized maximum likelihood estimates for model M1 

For the impact of OH culture on irritation we only find concurrent effects at t1 and 
t2, but no lagged effects from t1 to t2. EHP is a strong predictor of OH culture at both 
t1 (.32) and t2 (.25), while we do not find this effect for HLB concerning the routine 
leadership tasks. What we do find is a surprisingly negative time-lagged effect of -.19 
from HLB at t1 on OH culture at t2. 

5   Discussion 

The aim of the study was to identify the role of leadership and OH culture with regard 
to their impact on employee strain level within the context of health promotion in a 
clerical setting.  

Considerable previous research had supported the association between transfor-
mational leadership behavior and various measures of strain, health and well-being 
(e.g. Nielsen et al. [16]). This study has given special attention to the specific en-
gagement of the leader in health promotion. The results indicate that indeed the spe-
cial leader engagement has a beneficial effect on employee strain level via higher 
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values of corporate health culture. Culture works as a mediator for the beneficial 
effects of leadership, backing the claims within health promotion of corporate health 
culture being a central success factor [29].  

Routine leadership behaviors (HLB) do not contribute to an OH culture, which indi-
cates that employees did not attribute “good” general leadership behavior with underly-
ing organizational values concerning health. In order to contribute to the perception of 
a supportive OH culture the leader has to show his specific engagement for health 
promotion. Correlations indicate a significant negative relationship with strain (irrita-
tion), which is partly supported by the significant effect found in M2. This hints in the 
direction that such leadership behaviors (like giving feedback and setting objectives) 
should either have a direct influence on strain or be mediated by other variables, e.g. 
lower levels of role ambiguity [17].  

Effects seem to be rather concurrent. Except for the contra-intuitive effect of HLB, 
no time-lagged effect of leadership behavior on OH culture is found, which makes it 
impossible to resolve the question of causality. In this study, it seems to be the actual 
behavior of the leader at one point of time, which influences perceptions of culture. 
Also it is the “current perception of health culture”, which leads to lower values of 
strain. Perceptions of culture at t1 are irrelevant for level of strain at t2.  

The results of this study mirror the findings in the domain of safety culture, where 
leadership is an important predictor of safety culture (e.g. Zohar & Tenne-Gazit, 
[32]). Irrespectively from the domain (health promotion or safety) leaders serve as 
role models and their engagement in the respective domain seems to contribute a great 
deal to the development of the respective culture.  

One limitation of the study might be the short time-lag between the two measure-
ments. In the six-month study interval, long-term effects are not really captured by the 
study. There might also be seasonal effects, as workload within the tax administration 
is known to be seasonal. This indicates a confounding variable, which was not inte-
grated in the model. Due to the missing time-lagged effects, no inferences on causality 
between the constructs can be made; all relationships might be of a rather reciprocal 
nature. Leadership might also be influenced by OH culture. In addition to that, there is 
an unresolved debate (also in safety and health management science) if the culture or 
the climate of an organization can be inferred from psychometric measures like a ques-
tionnaires [12], [18]. Nevertheless, it is widely agreed that both constructs serve as core 
indicators for safety and health within an organization  [7], [28].  

Practical implications from this study are that first by developing a visible OH cul-
ture the strain impact on employees can be reduced. Second, in order to establish an 
OH culture, the support of leadership should be ensured as they have a strong influence 
on the creation and development of a corporate health culture. Supervisors act as role 
models and should be regarded as a cornerstone for success of organizational health 
promotion activities. Therefore organizational health promotion practitioners should 
ensure that leaders are willing to assume responsibility, have the necessary qualifica-
tion and play an active part within the process. In this context it is not sufficient that 
leaders have the general qualification for “good” leadership behavior; they also need to 
be aware of their function as role models and have the adequate strategies to show their 
willingness to take over responsibility for their subordinates health and safety. Only 
then will they be able to create a beneficial climate or culture. Regarding this issue 
healthy leadership and safety leadership seem to rely on comparable mechanisms. 
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Abstract. Deploying high-quality information work infrastructure leads to 
higher productivity levels of information workers, findings from empirical re-
search show. Different types of information workers use different sets of tech-
nologies and devices. Knowledge workers with a high degree of autonomy  
depend on mobile and flexible work infrastructure. The OFFICE21® Information 
Worker’s Workplace supports productive information work. 
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1   Introduction 

The number of people working in offices keeps growing. For example, estimates say 
that some 45% of the working population in Germany work in office type environments 
where they process information, generate knowledge, or develop innovative products 
and creative solutions. Yet, it is not fully understood how to measure and increase the 
productivity of this increasingly valuable personnel. One lever for increasing productiv-
ity is to invest and provide better tools and work infrastructure including information 
and communication technology (ICT).  

Investments in information technology lead to significant changes in the competitive 
environment and can increase the productivity of organizations. McAfee and Bryn-
jolfsson [1] argue that not only the deployment of enterprise information technology 
(e.g. ERP and CRM systems, Web 2.0 applications etc.) leads to higher levels of pro-
ductivity but also the usage of these technologies in particular for propagating business 
processes and innovations within an organization generates competitive difference. 
According to Vluggen and Bollen, IT investments have become a new competitive 
necessity [2] that organizations should embrace rather than simply accept. 

To increase productivity on the individual level an active adoption and an appro-
priate integration of new equipment and applications is necessary. As Davenport [3] 
pointed out “companies load up knowledge workers with desktop and laptop com-
puters, personal digital assistants, cell phones, wireless communicators, e-mail, voice 
mail, and instant messaging – then leave them to their own device.” As a conse-
quence companies should actively seek productivity increases through information 
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work systems by providing infrastructure that is appropriate for the type of informa-
tion work to be performed.  

As part of the project OFFICE21® at the Fraunhofer IAO in Stuttgart, Germany, 
the authors have conducted a series of studies – some conceptual [4], some empirical 
[5], [6] and [7] – in order to investigate information work and supportive infrastruc-
tures. Some results of this work are presented here. 

2   Information Workers and Their Technology Profiles 

To be precise about the terminology and the subject under investigation a characteri-
zation of information work profiles will be presented first. Subsequently, differences 
in the technological equipment as supportive infrastructure in form of selected tech-
nology profiles will be presented. The chapter closes with an assessment of the qual-
ity of the information and communication technology in use. 

The findings presented here originate from an empirical study by Spath et al. [6]. It 
is based on the ongoing online-survey “Information Worker Check”. The answers of 
1020 German speaking respondents from January until December 2008 were consid-
ered and evaluated. The respondents were to 68.5% male and 31.5% female. The age 
of the respondents was well spread (age up to 29 years 12%, age 30-39 31%, age 40-
49 37%, age 50 and older 20%). 22% of the respondents were in upper or middle 
management, 24% in lower management and 54% had no leadership position. 

2.1   Knowledge Workers Are Information Workers – An Empirical Typology 

Not all information work is knowledge work; however knowledge work is to a sig-
nificant share information work. While seeking, handling, and acting upon informa-
tion are general activities of both information and knowledge work, the distinctive 
characteristics of knowledge work are complexity with respect to the tasks, autonomy 
of the knowledge workers with respect to the work process they are engaged in, and 
newness with respect to the work results.  

Focusing on these three constructs and accordingly formulated questionnaire items 
information workers have been surveyed for to learn about their characteristics, needs 
and current support through work infrastructure. The full sample of 1020 respondents 
displayed the following characteristics with respect to the indices computed based on 
the questionnaire items related to the three constructs: newness (average μ=4.87, 
standard deviation σ=1.14, number of data sets considered with respect to this vari-
able n=975), complexity (μ=5.48, σ=1.04, n=979), and autonomy (μ=4.77; σ=1.31, 
n=805) each based on a 7-level Likert-scale. All questions related to a construct had 
to be answered by a respondent for his data to be considered in computing the results.  

Through performing a cluster analysis four different types of knowledge workers 
were identified. As can be seen in Figure 1, a first cluster of respondents – hereafter 
called Type A – is characterized by comparatively low values with respect to all 
three indices computed (newness, complexity and autonomy). This profile is best 
described as “knowledge-based” work where experience and knowledge may be 
important however where only little own decision-making is needed, where newness 
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Fig. 1. Knowledge worker types and their profiles 

is underrepresented with respect to the work results and where job complexity is 
below average. This profile relates to jobs with standardized processes and a signifi-
cant share of routines (e.g. assistants).  

The second cluster identified – Type B – represents respondents that perform 
knowledge work of average complexity and below average degree of newness with 
above average autonomy. This profile therefore stands for people performing “knowl-
edge-intensive” work, i.e. tasks that require significant education and/or long-term 
experience in a particular field of work. This type B could for example be represented 
by a specialist in a particular occupation.  

Type C – the third cluster identified – is characterized through high values with re-
spect to the newness of the task and above average complexity but also through a 
below average autonomy. This profile also reflects “knowledge-intensive” work, 
however in contrast to Type B there is more newness with respect to the “what” and 
less autonomy with respect to the “when, where, and how” involved. Typical repre-
sentatives of this cluster are for example engineers in development units who are 
bound to certain processes and laboratories. 

The last cluster identified in this study – Type D – represents persons whose job 
profiles are to a very high degree characterized by newness and complexity of the 
tasks and who enjoy very high autonomy. The respondents in this cluster perform 
“knowledge” work in the narrowest sense possible. Their knowledge and experience 
needs constantly to be expanded, renewed, and revised in order find ever new solu-
tions for the problems that arise. Representatives of this cluster are for example re-
searchers but also consultants.  

Returning to statement made earlier that not all information work is knowledge 
work however that knowledge work is to a significant share information work it be-
comes obvious that Type A and Type D are at different ends of the knowledge worker 
spectrum. 
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However, irrespective of their knowledge worker type all knowledge workers per-
form to a significant amount information work – with different purposes and different 
needs. It is this information work that can be supported directly by the work infrastruc-
ture, e.g. by ICT. Since this equipment serves primarily the handling and transmission 
of data and information rather than knowledge (which is a human trait) in the follow-
ing we refer to “information work” and “information worker” as the encompassing 
terms for respective activities and persons. The typology introduced above will be 
sustained wherever appropriate for stressing the different requirements on information 
work infrastructures.  

2.2   Information Worker Technology Profiles  

A different group of questionnaire items addressed to the set of technologies and 
technological devices used by the respondents. In particular it has been of interest 
whether different types of information workers have access to different types of work 
infrastructure. At the same time potential differences in the daily use of the technolo-
gies and technological devices has been investigated.  
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Fig. 2. Use of ICT available to information worker Type A 

For this purpose typical technology profiles have been generated based on the data 
from the different clusters introduced above. These data sets have been evaluated with 
respect to the share of effective users of a particular technology or device and the 
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frequency of its use. As a result portfolio have been generated, two of which will be 
presented here. The portfolio of Type A (Fig. 2) will be contrasted to the portfolio of 
Type D (Fig. 3). 

Within the cluster of Type A 90% of all respondents have access to a desktop per-
sonal computer and a desk phone. These two ICT devices are also the most commonly 
used for own working purposes. In addition, about half of Type A respondents have a 
notebook, wireless network access, and a mobile phone available and in more frequent 
personal use. This set can be described as a “basic set” of ICT for performing informa-
tion work. In contrast, within the cluster of Type D a quite extensive set of nine different 
technologies and devices is available and frequently used by the respondents. The core 
of this set consists of a notebook and a mobile phone, both available to about 95% of the 
respondents. It becomes obvious that the high autonomy of Type D knowledge workers 
implies the need for mobile devices and flexible technologies. 
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Fig. 3. Use of ICT available to information worker Type D 

2.3   Quality of the ICT Set Available to Information Workers 

For computing an index of ICT quality a set of questionnaire items has been evaluated 
that addressed different aspects of the technological work infrastructure. Particularly 
issues that are relevant to the general availability, functionality as well as the ease of 
use were investigated. Included were questions related to  

• the accessibility of messages and documents irrespective of source and  
location; 
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• the reliability and stability of the ICT infrastructure; 
• the availability of seamless solutions and general media consistency; 
• the fulfillment of individual technological requirements;  
• the general satisfaction level with the ICT equipment.  

For the total sample the index of ICT quality demonstrates significant room for im-
provement (average μ=4.84, standard deviation σ=0.99). Highest scores were 
achieved with respect to the reliability and stability of the ICT infrastructure. On the 
low side, missing seamlessness and a rather low availability of the technological work 
infrastructure were the most important quality deficiencies.  
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Fig. 4. ICT Quality Index for the different types of information workers 

In a more detail analysis, the data shows a variation of the ICT quality index by the 
different clusters of respondents. While knowledge workers of Type A display the 
lowest quality of their technological work infrastructure, respondents of Type D have 
access to ICT of comparatively highest quality (Fig. 4). 

3   OFFICE21® Information Worker’s Workplace 

As the results of the survey in the previous chapter show the higher the need for 
autonomy and consequentially for flexibility of the workforce, the more mobile and of 
higher quality the technological equipment becomes. In the same vein, the rollout of 
ever smaller and flexible devices in combination with increasing needs for communi-
cation and collaboration and supportive applications (e.g. e-mail push) changes the 
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way people work and how organizations function. For example, why should some-
body still go to the office, if the ICT set allows for location independent work? In 
spite of the availability of high-end video conferencing systems, e.g. telepresence 
solutions, the need for formal or informal face-to-face interaction with colleagues and 
collaborators will rather increase than decline due to the nature of concurrent work 
processes. Unfortunately, the technological solutions designed for mobility and flexi-
bility, are not optimized for co-located collaboration. 

For better supporting information workers in this respect a workplace has been 
conceptually designed and prototypically implemented within the OFFICE21® project 
at Fraunhofer IAO that addresses the needs of flexible knowledge workers when in 
the office. The so-called Information Worker’s Workplace (IWWP) provides a better 
work infrastructure for individual work as well as for small team or project meetings.  

 

 

Fig. 5. a. /b. OFFICE21® Information Worker’s Workplace – The original prototype [5] 

As the pictures (Fig. 5) illustrate the most obvious characteristic of the IWWP is the 
triple-display setting. For individual work it provides a significantly enlarged desktop 
and for small meetings – whether co-located or distributed – it allows for parallel 
visualizations of different application windows. It is this simultaneous interaction 
with several applications (e.g. e-mail, browser, instant messaging, web conferencing, 
text document, presentation etc.) that to a large extent describes today’s computer-
based information work. Beyond that the IWWP supports an RFID-based login for 
personalization of the work environment – both physical (e.g. desk height or light 
brightness) and virtual (e.g. automated call-rerouting or personal settings of the pe-
riphery devices). A special functionality of the IWWP is its physical adaptability 
(compare Fig. 5.a. and Fig. 5.b.) for supporting informal communication and sponta-
neous interaction at the workplace. It abolishes the frequent search for a small meet-
ing room or a projector by allowing connectivity for several persons at once. 

4   Increasing Information Worker Productivity 

Investing in better information work infrastructure – and particularly in ICT – is 
required to raise the productivity level of individuals and consecutively that of 
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organizations. Several studies conducted at Fraunhofer IAO, e.g. [5], [6] and [7], 
prove a positive relationship between the quality of the personal technology set of 
information workers and their individual performance and productivity. 

4.1   Multi-display-Settings Increase Productivity  

To prove that the investment into higher quality work infrastructure like the IWWP 
presented in the previous chapter are worthwhile a laboratory experiment has been 
undertaken at Fraunhofer IAO [7]. The study is based on the results of 67 informa-
tion workers. About two thirds of the participants were male and one third female. 
The average age of the sample was 32.5 years. Participants were required to extract 
information from different sources, think of the right solution and produce a textual 
result. Participants who used a three-display workplace completed this task faster, 
i.e. more efficient, and more accurately, i.e. more effective, than in a conventional 
one-display setting. This is particularly relevant for information workers who often 
need to process multi-source digital information, e.g. scientists, engineers or admin-
istrative staff. At first for all study participants an individual productivity benchmark 
was calculated based on the time required and the points achieved for correctly 
solved partial tasks. In a second step, the participants were divided into different 
groups: one group completed the next task continuing using a single-display-setting. 
One other group contrasted here was given a workplace with three interconnected 
displays of the same type to form one single desktop – matching the IWWP setting.  

The results of the experiment were in their clarity surprising. The group that contin-
ued using a single-display setting increased its productivity at this task on average by 
1.9 percent. This outcome can be explained by the regular learning effect. The group 
using a triple-display setting was significantly more productive. On average the par-
ticipants in this group raised their productivity level by 35.5 percent. These statistically 
highly significant results were achieved without any previous training or indications 
how to make best use of the triple-screen setting.  

The users’ reaction to the triple-screen setting was also very positive. In a post-test 
survey the participants reported on average considerably higher satisfaction levels 
with the increased display system in comparison to the single display users.  A similar 
result has been produced by the Information Work Study by Spath et al. [6]: A statis-
tically significant linear positive correlation between monitor size and user satisfac-
tion has been identified. 

4.2   Information Work Performance 

For not mistaking the different measures and methodologies used in the different 
studies here the term performance is used to indicate that the measure “Information 
Work Performance” is like “ICT Quality” an index based on several questionnaire 
items [7]. It consists particularly of items referring to effectiveness (using the right 
means to achieve the goals set), efficiency (the effort made to achieve these goals), 
task-related communication (effort and intensity), collaboration quality and organisa-
tional process efficiency. 
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The computed full sample Information Work Performance Index (μ= 4.32; σ=1.02) 
shows that there is a lot of improvement potential. In addition, the data shows, that 
information workers rate their effectiveness with respect to right means and processes 
highest while they rate their efficiency with respect to time and effort to reach their 
goals lowest. Interestingly, also in this case, similar differences among the clusters of 
information workers become visible (Fig. 6). Again, information workers Type A 
scored lowest while those of Type D highest. 
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Fig. 6. Information Work Performance Index for the different types of information workers 

5   Summary and Conclusion  

The empirical findings presented here show that different types of knowledge and 
information work can be distinguished; that for different types of information work 
different sets of technologies and devices are in use; and that the ICT Quality and the 
Information Work Performance vary with the different types of information work. In 
addition, the OFFICE21® Information Worker’s Workplace was presented. Based on 
a laboratory experiment it was proved, that productivity can be significantly increased 
by providing a multi-display setting similar to the IWWP. 

In conclusion: Productivity of information workers is increased by providing sup-
portive information work infrastructure. The statistically significant positive correla-
tion between ICT Quality and Information Worker Performance (Figure 7) proves that 
one lever to higher productivity levels is information work infrastructure. Referring to 
Davenport’s comment [3], deployment of appropriate and high-quality infrastructure 
for information workers is not a fad but a clear necessity. 
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Fig. 7. ICT Quality correlates to Information Work Performance 
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Abstract. Information, communication, media, building and security technolo-
gies are growing together. The key to the integration of all infrastructure sys-
tems is the use of IP in all technical systems. The real and the virtual worlds are 
merging. This means that the real world around us and the world of IT systems 
are connected to one another. This paper shows how these concepts can be im-
plemented in an innovative office infrastructure to increase the efficiency in the 
office. 

Keywords: Virtual and Real World; All-IP; Office of the Future; Location-
based Services; Building Automation. 

1   Introduction 

In future, office work will be much more flexible as teams distributed around the 
planet work together on projects. Knowledge workers will not just be productive in 
the office, but also when out and about and when at home. Working hours will be 
managed more flexibly, as what was previously a more rigid separation between pro-
fessional and private life takes on new forms. Information has to be pervasively avail-
able (everywhere and at any time). 

To provide better support for these new professional and private lifestyles, at 
Deutsche Telekom Laboratories a whole range of well-matched systems is being de-
veloped and tested to help knowledge workers. This work is based on earlier activities 
at other offices of Deutsche Telekom (see [1] and [2]). 

Infrastructure components which have previously been inflexibly fixed in the real 
world are being virtualized and thus made accessible to optimization by IT systems. 
This can increase the efficiency of knowledge work while at the same time permitting 
more sustainable use to be made of the necessary resources. Intuitive usability is 
achieved by a consistently ergonomic user interface concept. 

2   Holistic Concepts for the Office of the Future 

The newly developed modules for the office of the future are based on a holistic ap-
proach. Information, communication, media, building and security technologies, which 
used to be separate, are growing together. This means that the organizational structures 
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Fig. 1. Collaboration in three dimensions: mobile, flexible and non-hierarchical work  
environment 

responsible for IT, for telecoms and for facility management can also be combined in 
future. The complete solution results in efficiency savings, despite the higher invest-
ment costs involved. This is because of the operational aspects, which can now be op-
timized as a whole, and because of the use of ideas such as desk sharing, which make 
best use of resources. 

The key to the integration of all infrastructure systems is the use of IP in all techni-
cal systems. Not just the data network and the telephone system are based on this, 
both building services and media technology components also communicate via IP. 
This allows applications to be implemented which use several systems as well as 
permitting all infrastructure components to be managed and operated with unified 
processes. 

The real and the virtual worlds are merging. This means that the real world around 
us and the world of IT systems are connected to one another so that procedures in the 
real world can be made more efficient by the use of processes supported by IT. To 
this end, more and more sensors, actuators and output devices will be installed in the 
office environment, such as interactive door-signs, RFID readers and intelligent, per-
sonalized building automation solutions. 

Being able to locate people inside and outside of office buildings permits new, so-
phisticated functions. Several sensor systems are used to detect the last position of 
people: RFID cards are used to open doors, to book a workplace or to receive infor-
mation at an information screen. Whenever a RFID card is used, the position of the 
user is determined. Whenever a phone is used, the system assumes that the user of the 
phone is at the known location of the phone. Additionally an experimental system 
component uses WLAN localization [6]. 
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Fig. 2. Integrated services and an innovative office infrastructure for more efficient Information 
Workers 

 

Fig. 3. Location-based services (LBS) are used to take advantage of location to automate  
services 

 

Fig. 4. The Magic Map shows the last monitored position of colleagues 
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Several location-based services were deployed and tested at Deutsche Telekom 
Laboratories: 

• Magic Map – display the current location of colleagues 
• ICRA – Intelligent Call Routing Agent to automatically redirect incoming calls 
• Media & Light control – control features provided only where the user is currently 

located. 
 

The geographic separation of company locations loses some of its drawbacks if all 
of the infrastructure services can be offered whatever your location is. Even home of-
fices can become an integral part of the corporate infrastructure due to ubiquitous, 
high bandwidth connections to the Internet. 

 

 

Fig. 5. Home offices can be connected to the intranet of the company 

Mobile work in and out of the office is supported by WLAN and UMTS technolo-
gies. Even physically connected data networks can be flexibly used by dynamically 
assigned virtual networks. The use of virtual LANs (VLANs) means that current re-
strictions, when assigning IP networks with differing security guidelines to the com-
puters concerned, can be loosened up. 

The use of desk sharing is supported by a workplace booking system [7], where the 
workplace booked can be customized to your personal preferences via an RFID card. 
This is detected at the desk concerned and configures the IP phone for your personal 
phone number and programs the buttons with your settings, as well as activating your 
own scenario for the building services at the location. To make this work, the building 
automation system is integrated into the infrastructure management system via IP. 
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This means that the use of energy can be optimized as, in contrast to conventional 
building automation systems, the control system can take account of the planned use. 
Traditional administration of building automation services regards them as having a 
confined scope, operating in isolation or tightly coupled and providing only minimal 
support for an overall coordination and a holistic management approach. IP-based 
building automation components and services can be integrated more easily. 

 

Fig. 6. Booking of workplaces and control of lights and blinds are possible using an IP-Phone 
or a browser application 

The booking of items such as workplaces, rooms or even lockers for personal docu-
ments, always uses the same sequence of operations so that it is easy to get to know and 
then to use the system. 

Paper mail is distributed via an electronic mailbox. If someone puts physical mail 
such as magazines or even contracts into a pigeon-hole for a user, they also activate a 
push-button, which triggers an email to the user saying "You have mail". Physical and 
electronic mail are thus linked together. 

A video conference system at the workplace supports communication processes, 
which amongst other things is also compatible to UMTS picture phone applications. 
A video conference solution fixed to a particular room is also used, to protect the en-
vironment and to save travelling time and expenses. Here, a telepresence approach [8] 
is pursued, where all of the video conferencing rooms are identically equipped with 
very large HDTV monitors, creating the feeling for the participants in a meeting, that 
the physically separate rooms merge to a single, virtual conference room. 

3   Increasing the Efficiency in the Office 

When planning a meeting, the date is fixed, the room booked and the agenda is pro-
duced, all in virtual space (using Microsoft Sharepoint (MOSS) [9]). When the meeting 
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Fig. 7. Real and virtual world are interconnected in the process “Meeting Management” for 
more efficient meetings 

starts, the interactive doorplate on the physical conference room will show the name of 
the meeting, the invited participants will have access to the room and the projector will 
show the agenda already. 

In the conference rooms involved, interactive whiteboards are used on which pres-
entations can be projected and on which special pens can be used to "write", and the 
writing then becomes a graphical object in the presentation. This makes the transition 
from "real" drawing on the board, to saving in a "virtual" document very easy. 

4   Experience 

The modules which have been implemented and integrated have now been used on a 
daily basis for three years in everyday work. About 160 employees are using 120 
desk-sharing workplaces at two locations, one in Berlin, Germany, and another one in 

 
Table 1. Advantages and Disadvantages of new office environment 

Advantages Disadvantages 
Flexibility with the office organization 
allows dynamic change processes. 

Excessive compaction of office space 
leads to strong work load. 

Integration of all technical areas leads 
to more comfortable and efficient struc-
tures. 

Higher complexity requires more 
broadly qualified infrastructure staff. 

Open space office leads to more com-
munication and fewer barriers. 

Fewer walls mean more noise and more 
disturbances for employees. 

Work at any time and everywhere by 
telepresence and flexible work models 
leads to increased efficiency. 

Permanent accessibility and omission of 
unproductive working phases lead to 
higher load of the employees. 

Knowledge management and central in-
formation systems lead to a better avail-
ability of information in the enterprise. 

Inadmissible monitoring of the employ-
ees must be prevented. 
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Los Altos, California. Another 150 colleagues are using traditional workplaces at 
three other locations in Germany. The complete solution has led to very efficient use 
of office space and other resources; it has led to increased flexibility for the project 
teams and to a working atmosphere which is quite an inspiration. 
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Abstract. I have done research on the relationship between working conditions 
and musculoskeletal/ergonomic disorders in a manufacturing facility. I believe 
that the biomechanical and psychosocial aspects of work have a significant in-
fluence on the individual worker’s health and well-being. The work organiza-
tion at which I have evaluated the employee’s health and well-being and  
collected a large amount of data; which I have analyzed; is at a large manufac-
turing facility. This research is based upon the Balance Theory Model of Smith 
& Carayon-Sainfort [2], [3]. This model specifies that the working conditions 
and other factors outside of work can create a stress on the individual. That 
stress can have physiological and psychological consequences. If the stress ex-
ceeds the individual’s capacity, the stress can produce a negative effect on the 
individual which could result in a strain. This is a bad fit between the individual 
resources and the work demands. If the stressful exposure continues for a pro-
longed time period, then this can result in serious musculoskeletal disorders.  

Keywords: Human Factors, Ergonomics, Musculoskeletal Disorders, Psycho-
social, Balance Theory Model, Applied Field Research, Manufacturing, As-
sembly, Production Processes. 

1   Introduction 

The Balance Theory Model is a system view concept for the various elements of a 
work system, it shows the stress that working conditions can exert on the individual. 
In the model the elements interact to determine the way in which work is done. At the 
center of this model is the individual with their physical characteristics, perceptions, 
personality and behavior. The task, technology, organization, and environment affect 
the content of the job and the physical demands the job makes on the individual.   

2   The Research Purpose 

The overall purpose of this research study was to identify the stressful working  
conditions and control them. Therefore the purpose of an intervention is to control 
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musculoskeletal disorders, to reduce the stress load, and to eliminate strain. There 
are a variety of things that can be done in the workplace for eliminating or reducing 
the occurrence of occupational musculoskeletal disorders. These include engineering 
redesign, change in work method, administrative control, worker training, exercise, 
work hardening, and management to reduce exposures.   

3   The Research 

This research was performed by using a multiple paged questionnaire survey to evalu-
ate three different assembly methods at a large manufacturing facility. Data was col-
lected several times over a period of time; therefore a longitudinal research study  
design was conducted. These three different assembly methods were exhibited and 
displayed by these three distinct individual assembly lines. One of these assembly lines 
consisted of the employee subjects of interest (i.e. the study group). The other two 
assembly lines served as the control groups for the study group. 

The overall aim of this research is to improve the long term health and well being of 
workers in a manufacturing facility. The overall purpose of this research is to identify 
the stressful working conditions and control them. Therefore the purpose of an inter-
vention is to control musculoskeletal disorders, in order to reduce the stress load and to 
eliminate strain. 

4   Research Contributions 

One of the contributions of this research is to determine the relationship between 
working conditions and musculoskeletal / ergonomic disorders in a manufacturing 
facility. Generally the literature on this topic tends to be more heavily concentrated on 
the office worker, or service provider type of worker. Therefore the area of workers in 
a manufacturing facility needs further investigation. Generally, the combination of 
biomechanical and psychosocial working conditions on musculoskeletal pain / dis-
comfort also needs further investigation. 

A second contribution is to improve the research techniques and methodology 
which has been utilized in some previous scientific studies which attempted to control 
musculoskeletal disorders. Specifically the scientific evidence on interventions to 
control musculoskeletal disorders has some shortcomings. The lack of sound research 
methods and the lack of sound research designs are significant shortcomings in some 
of the existing literature. This position is supported by the National Academy of Sci-
ences paper of Smith, Karsh & Moro [4]. Their paper investigated and reviewed the 
research on interventions to control musculoskeletal disorders. 

A third contribution is that the results of this research study can assist engineers in 
designing the jobs of workers in a manufacturing facility. The incorporation of both 
biomechanical and psychosocial aspects on worker job design should reduce the 
worker’s musculoskeletal / ergonomic disorders, and therefore improve the long term 
health and well being of workers in a manufacturing facility. 
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5    Literature Review – Summary 

In summary, the National Research Council [1] concluded that there is theoretical 
evidence and some empirical evidence that links psychosocial factors and muscu-
loskeletal discomfort. Stress appears to be a mediating variable that contributes to the 
development of musculoskeletal disorders. There also exists some theoretical evi-
dence and some empirical evidence that links biomechanical factors and muscu-
loskeletal discomfort. 

In conclusion, more research studies need to be done in order to provide an answer 
to the existence of the link between biomechanical factors and psychosocial factors, 
and musculoskeletal disorders. Substantial research literature needs to be developed 
before a definitive answer could be given; yet the link seems very plausible. 

6   The Study Design 

The study was performed by using a multiple paged questionnaire to survey the three 
different assembly methods at the manufacturing assembly facility. Data was col-
lected several times over a period of time; therefore a longitudinal study was con-
ducted. These three different assembly methods were exhibited and displayed by three 
distinct individual manufacturing assembly lines. One of these manufacturing assem-
bly lines consisted of the employee subjects of interest (i.e., the study group) which 
was called the study group. The other two assembly lines served as the control groups 
for the study group; these two areas were called the control group 1 and the control 
group 2.  

7   The Data Collection 

Data was collected from the three manufacturing assembly line area employee groups 
by utilizing a multiple page questionnaire survey. The multiple page questionnaire 
surveys were designed in order to obtain the information of desired pertaining to the 
research questions asked. The multiple page questionnaire surveys were given to both 
the study group and the control groups.  

The multiple page questionnaire survey which was given to the study group and 
control groups was organized as follows: 

1.  Job Information (8 questions), 
2. Characteristics of Work Environment (41 questions), 
3. Quality of work Life (5 questions), 
4. Health Information (23 questions), 
5. Ergonomics and Physical Environment (28 questions), 
6. Performance (11 questions), 
7. Demographics (3 questions), 
8. Implementation (3-5 questions) – this section was only given to the study group. 
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8   The Multivariate Analysis of Variance 

I concluded from the results from the multivariate analysis of variance (MANOVA) 
that musculoskeletal discomfort is primarily influenced by psychosocial factors (such 
as anxiety, and uncertainty), and physical demands. As when psychosocial factors 
(such as anxiety, and uncertainty), and physical demands increased; musculoskeletal 
discomfort also increased. It could be implied that musculoskeletal discomfort and 
psychosocial factors (such as anxiety, and uncertainty), and physical demands are 
linearly related.  

Therefore, when the physical demands are increased, the stress on the individual is 
increased, and the ergonomic musculoskeletal discomfort is also increased. 

Also, when the anxiety and uncertainty are increased, the stress on the individual is 
increased, and the psychosocial factor discomfort (i.e., negative psychosocial factors) 
is also increased. 

So, an increase in physical demands, results in increased ergonomic musculoskele-
tal discomfort. And, an increase in anxiety and uncertainty, also results in increased 
negative psychosocial factors.  

9   The Discussion  

The control groups appear to be stable over time in terms of musculoskeletal discom-
fort, neck/shoulder/back discomfort, hand/arm discomfort, and leg discomfort. The 
control group 2 consistently exhibits higher self reports of musculoskeletal discomfort, 
neck/shoulder/back discomfort, hand/arm discomfort, and leg discomfort than the 
control group 1, over the three rounds of data collection. This is to be expected since 
the human factors, ergonomics, and working conditions of the control group 2 is sig-
nificantly worse than the control group 1.  

The study group exhibited lower self reports of musculoskeletal discomfort, 
neck/shoulder/back discomfort, hand/arm discomfort, and leg discomfort than the 
control groups. This is to be expected since the human factors, ergonomics, and work-
ing conditions of the study group was significantly better than the control groups.  

The control groups appear to be stable over time in terms of the physical aspects of 
work. The control group 2 consistently exhibits higher self reports of physical demands, 
repetitive motions, and loading on individual than the control group 1, over the three 
rounds of data collection. This is to be expected since the human factors, ergonomics, 
and working conditions on the control group 2 is significantly worse than the control 
group 1.  

The study group exhibited lower self reports of physical demands, and repetitive 
motions than the control groups. This is to be expected since the human factors, ergo-
nomics, and working conditions of the study group was significantly better than the 
control groups.  

The control groups appear to be stable over time in some of the psychosocial aspects 
of work. The control group 2 exhibited lower self reports of task control, job control, 
resource control, and decision control than the control group 1, over the three rounds of 
data collection. This is to be expected since the human factors, ergonomics, and work-
ing conditions of the control group 2 is significantly worse than the control group 1.  
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The study group appears to be stable over time in some of the psychosocial aspects 
of work. The study group exhibited greater self reports of task control, job control, 
resource control, and decision control than the control groups. This is to be expected 
since the human factors, ergonomics, working conditions, and employee empower-
ment of the study group was significantly better than the control groups.  

10   Conclusion 

In summary, there is theoretical evidence and some empirical evidence that links 
psychosocial factors and musculoskeletal discomfort. Stress appears to be a mediating 
variable that contributes to the development of musculoskeletal disorders.  

There also exists some theoretical evidence and some empirical evidence that links 
biomechanical factors and musculoskeletal discomfort. 

In conclusion, more research studies need to be done in order to provide an answer 
to the existence of the link between biomechanical factors and psychosocial factors, 
and musculoskeletal disorders. Substantial research literature needs to be developed 
before a definitive answer can be given; yet the link seems very plausible. 
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Abstract. Health and safety are often discussed in the same breath but the rela-
tionships between them are not clearly articulated. The current study was con-
ducted in the UK offshore oil and gas industry – a physically and mentally  
challenging work environment - where the well-being of personnel is important 
for their performance. This paper will describe the development of scales for 
measuring support for health offshore and report the results obtained from a 
sample of 703 workers from 18 installations regarding the relationship between 
perceived support for health and health and organizational outcome measures. 

Keywords: Support for health, organizational commitment, organizational citi-
zenship behaviour, health activities. 

1   Introduction 

The offshore environment is a ‘rough, tough world’ [3] where the fitness and well-
being of offshore workers can be a major factor in their survival. This applies both in 
emergency situations and in the routine of living and working in this remote and in-
hospitable environment. Offshore workers are exposed to confined work and living 
conditions, noise and other physical environment stressors (including a range of haz-
ards) and dull, monotonous work [17]. Furthermore they must get along with very 
different types of people in this claustrophobic environment and therefore employers 
have a ‘duty of care’ to ensure that their employees experience optimal physical and 
mental health. All offshore employees are required to pass a mandatory medical ex-
amination and there is a raft of health and safety regulation in place to ensure workers 
are protected from both occupational and major process hazards. In addition, many oil 
and gas organizations provide health promotion and surveillance activities over and 
above those mandated by legislation. These include health promotion and health edu-
cation, e.g. stress management, healthy eating, as well as ‘health therapies’ e.g. mas-
sage and exercise classes. These ‘discretionary’ organizational health investment 
activities may indicate organizational support for well-being leading to perceptions of 
psychological contract fulfilment and associated attitudes and behaviours such as 
organizational commitment and organizational citizenship [4], [6], Perceived Organ-
izational Support – POS [7], [20] reflects employees’ beliefs about an organization’s 
support, commitment and care towards them, whereas the ‘psychological contract’ 
refers to employees’ beliefs about the mutual obligations that exist between them and 
the organization. Both constructs are perceptual in nature and therefore can be inter-
preted very differently by different employees in the organization – thus they are 
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individual-level rather than group-level in nature. Employees who experience POS, 
show higher levels of organizational commitment and more active participation and 
increased performance in job activities assigned by the organization and those that go 
beyond their job description, known as organizational citizenship behaviors [19]. 

A question that has not been fully addressed in the literature is the extent to which 
an organization’s care and concern for the health and well-being of its workforce actu-
ally leads to employee engagement in health activities, organizational commitment, 
OCBs and other behaviors that benefit the organization. According to Grawitch, Gott-
shalk & Munz (2006) job satisfaction has been the focus of much of the previous  
research on employee well-being and organizational improvements, although job satis-
faction is related to organizational commitment [26] and organizational commitment 
has been associated with lower turnover and higher performance [14]. The reinforcing 
link between employee well-being and organizational improvements serves to 
strengthen the positive impact of supportive organizational practices. 

2   Organizational Support for Health and Employee Commitment 
and Behavior 

The current study explores the possibility that investment in employee health and 
well-being is indicative of an organization’s care and commitment to its workforce. 
This will be particularly relevant in safety-critical industries such as offshore oil and 
gas, where the workforce have to perform at their optimum in order to maintain good 
safety performance. In this context, employees would have expectations of organiza-
tional support for health and fitness in order to reduce the risks of psycho-social stress 
and make the rigors of offshore life more tolerable. Earlier research has shown that 
offshore installations where worker health is a priority tend to have lower lost-time 
injury rates than installations where health is not a priority [16], and Mearns and hope 
[15] found that organizational investment in health results in positive employee  
attitudes and behaviors. Evidence was found for the proposition that organizational 
investment in employee health helps to foster perceptions of company commitment 
and build worker loyalty in areas such as safety. Respondents on installations that 
reported lower health management scores reported significantly poorer scores on 
unrelated measures of climate and commitment when compared to installations with 
high scores. Furthermore, greater investment in health-related activities was also 
found to result in fewer risk taking behaviors and greater commitment at the installa-
tion level. The findings indicated that organizational investment in workforce health 
may not only be limited to health related benefits, but may also be associated with 
broader organizational benefits in the form of greater workforce commitment and 
improved safety behavior. This finding will be expanded upon in current study. In 
particular, the current study investigates the hypothesis that support for health by the 
organization, supervisors and workmates impacts upon personal health activities, 
organizational commitment and organizational behavior.  

3   Method 

The ‘Health at Work 2004’ questionnaire contained an introductory text and several 
sections each identified by a title bar and an opening paragraph explaining how to 
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complete that section. Respondents were requested to answer the questions as accu-
rately as possible and to carefully consider their responses in relation to the installa-
tion they work on. Respondents were instructed to return completed questionnaires in 
the addressed envelopes supplied with the questionnaires and were assured of the 
confidentiality of their responses. 

3.1   Section 1: General Information 

Respondents were asked to indicate the name of the installation they were currently 
working on, whether they were employed by an operating or contracting company, 
whether they were in a supervisory role, whether they were a member of the core crew 
and the number of years they had worked on the installation. Respondents were reas-
sured that it would not be possible to identify anyone personally from the data they 
provided. 

3.2   Section 2: Support for Health 

Three scales were designed to measure support for health at the organizational, super-
visor and workforce level. Respondents were required to indicate their agreement, on 
a 5-point Likert scale (1=Strongly Disagree / 5=Strongly Agree), with 19 statements, 
5 referring to health support from the organization (in this case the organization oper-
ating the installation), 6 from supervisors and 8 from workmates. The organizational 
support for health scale was based on items developed by Basen-Engquist, Hudson, 
Tripp and Chamberlain [1] The supervisor items referred to the degree to which su-
pervisors ensure that employee health is not endangered by work, that health rules are 
enforced, that health and safety issues can be discussed with supervisors and the sym-
pathy afforded by supervisors for health problems. The workmates items referred to 
the support and encouragement that workmates would provide if respondents started 
dieting, exercising or stopped smoking, the degree to which workmates share health 
information and give help and support when asked. Items were taken from the scale 
developed by Ribisl & Reischl [21].  

3.3   Section 3: Organizational Commitment 

This section referred to the commitment that respondents felt with regard to the instal-
lation they worked on. Respondents were asked to indicate whether, on a 5-point 
Likert scale (1=Strongly Disagree / 5=Strongly Agree), they agreed with a range of 
statements describing feelings about working on the installation. In total 7 items de-
scribing feelings of organizational commitment were incorporated into section 10. 
Items referred to the sense of belonging respondents felt towards the installation, the 
contribution they make to the installation and the pride they feel working for the in-
stallation. The items were taken from a measure used by Coyle-Shapiro & Kessler [4]. 

3.4   Section 4: Health Activities 

This section contained 7 statements indicating whether respondents could engage in 
various health and well-being activities on the installation. Examples included manag-
ing stress levels, participating in health promotion activities and relaxing when off 



64 K. Mearns and T. Reader 

shift. Respondents were asked to indicated their level of agreement with the statements 
on a 5-point Likert scale ranging from 1=Strongly Disagree to 5=Strongly Agree). 

3.5   Section 5: Organizational Citizenship Behaviour 

This section contained 9 statements concerning organizational citizenship behaviours 
which respondents had to evaluate on a 5-point Likert scale (1=Not at all / 5=To a great 
extent). These behaviors included making suggestions to improve and revise work pro-
cedures, taking action to improve the organization and the installation, informing man-
agement about unproductive or unsafe practices and speaking up about work issues or 
rules that do not contribute to the achievement of the installation goals. The items for 
this scale were taken from Coyle-Shapiro & Kessler [5] and Tsui et al.[25]. 

4   Results  

4.1   Sample Characteristics 

The 18 installations surveyed were representative of those operating on the UK Con-
tinental Shelf and included fixed production platforms, drilling rigs, well-service 
vessels and floating production storage and offloading vessels (FPSOs). A total of 703 
useable questionnaires were received (overall response rate 35%, range 22% to 94%). 
The majority of respondents (84%) were core crew and 40% indicated that they were 
employed directly by an operating company, with 60% working for contractor or sub-
contractor companies.  

The greatest proportion of respondents (37%) were aged 41–50 years; 26% were 
more than 51 years of age; 27% were aged between 31 and 40 years and 10% were 
aged 20–30 years indicating an ageing profile of the workforce. The main occupations 
included maintenance (23%); administration/ management (15%); production (13%), 
construction (11%) and catering (10%). Overall, 19% of respondents had worked on 
their installation for less than a year while 45% indicated they had worked on their 
installation between 1 and 5 years. 22% had spent 6–10 years on their installation 
while 14% had been on their installation for more than 10 years.  

Table 1. Descriptives and Correlations between measures 

 Mean OHS SHS WHS OrgCom HealthAct OCB 
OHS 3.35 .80 .51 .40 .39 .48 .17 
SHS 3.74  .91 .41 .18 .47 .20 
WHS 3.52   .87 .19 .35 .19 
OrgCom 3.06    .93 .25 .02 
HealthAct 3.38     .83 .13 
OCB 3.64      .89 

OHS=Organizational health support, SHS=Supervisor health support, WHS=Workmate health 
support, OrgComm=Organizational Commitment, OCB=Organizational Citizenship Behaviour 
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Table 2. Regression analysis for organizational commitment, health activities and organizational 
citizenship 

Outcome Predictors Beta R F 
 
 
Organizational 
Commitment 
 
 
 
 
 
 
 
 
 
Health Activi-
ties 
 
 
 
 
 
 
 
 
 
Organizational 
citizenship 

Final model 
 
Installation 
Employed by 
Supervisor 
Core Crew 
Years worked 
OHS 
SHS 
WHS 
 
Final model 
 
Installation 
Employed by 
Supervisor 
Core Crew 
Years worked 
OHS 
SHS 
WHS 
 
Final model 
 
Installation 
Employed by 
Supervisor 
Core Crew 
Years worked 
OHS 
SHS 
WHS 

 
 
.003 
-.007 
.022 
.078 
.048 
.395*** 

-.070 
.029 
 
 
 
.073* 
.144*** 
.049 
-.043 
-.024 
.290*** 
.247*** 
.130*** 

 

 

 

.092** 
-.072 
-.256*** 
-.151*** 
-.009 
.040 
.119** 
.128*** 

.384 
 
 
 
 
 
 
 
 
 
 
.559 
 
 
 
 
 
 
 
 
 
 
.438 

12.68*** 

 

 

 

 

 

 

 

 

 

 

33.24*** 

 

 

 

 

 

 

 

 

 

 

17.36*** 

*p<.05, **p<.01,***p<.001 

Overall, only 6% of respondents had been involved in an accident on that installa-
tion in the past year, indicating high levels of safety performance. The demographic 
data indicated that the survey sample was representative of the offshore workforce 
regarding their age, experience and type of job. Data was inputted and analysed using 
SPSS v. 12. 
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4.2   Relationships between Variables 

Table 1 shows the relationship between the variables investigated in the study. All 
correlation coefficients are significant at the 0.01 level except the Organizational 
Commitment and OCB relationship, which is not significant. As can be seen from the 
table most of the correlation coefficients are small to medium in size. Scale reliabilities 
(Cronbach’s Alpha) are shown on the diagonal. Mean values show that most respon-
dents were giving neutral or slightly positive responses to the scale items. 

Three regression equations were run investigating the effect of the three health sup-
port measures on the dependent measures of organizational commitment, health activi-
ties and organizational citizenship. Demographic variables were also entered into the 
equations as a control measure.  

For Organizational Commitment only Organizational Support for Health was a sig-
nificant predictor explaining 13.6% variance (F(9,668)=12.68, p<.001; t=9.11). None 
of the demographic variables exerted an effect.  

For health activities, all three health support measures plus installation and employee 
status were significant predictors explaining 30.3% of the variance (F(9,667)=33.24, 
p<.001); t(OHS)=7.45; t(SHS)=6.40; t(WHS)=3.58; t(Installation)=2.23); t(employee 
status)=3.93). Obviously the capacity to engage in health activities will be affected on 
what facilities the installation can or does provide, hence this effect would be antici-
pated. Furthermore, operator personnel (who are direct employees of the organization) 
engaged in more health activities than contractors.  

For OCB, Supervisor health support (t=2.85) and Workmate health support (t=3.24) 
were significant predictors as were Installation (t=2.56), supervisor status (t=7.19) and 
being a member of the core crew (t=3.80), (F(9,667)=17.36, p<.001). These variables 
explained 18.1% of the variance.  

5   Discussion 

The results indicate that different types of health support exert differential effects on 
the outcome measures of interest in this study. Health support was chosen as the inde-
pendent variable of interest since it is believed to reflect levels of care and concern for 
employees’ well-being, particularly in the offshore environment where well-being can 
have important implications for organizational outcomes, such as safety. Higher lev-
els of organizational health support predicted greater organizational commitment but 
supervisor and workmate support for health showed no significant effect. For en-
gagement in health activities it would appear that support at all organizational levels 
is important and explains a reasonably high amount of variance in the outcome meas-
ure, thus higher levels of perceived support lead to higher levels of health engage-
ment. Being a member of the operator staff also leads to higher levels of engagement. 
Finally, for organizational citizenship behaviors, organizational health support does 
not seem to play an important role but support from supervisors and workmates exerts 
a small but significant effect. Finally supervisory status and being member of the core 
crew also have significant effects with both groups being more likely to engage in this 
type of behavior.  
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The relationship between organizational support and organizational commitment is 
well-established in the literature [10] and is believed to be based on Social Exchange 
Theory [2]and norm of reciprocity [13]. The current study provides further support for 
this relationship and extends the POS work by focusing more specifically on POS for 
health and therefore practices that are implemented to encourage employee well-
being. Whitener [27] found that high commitment human resource practices strength-
ened employees’ trust and commitment to the organization when they perceived the 
organization to support them. Supervisor and workmate support for health probably 
did not show an effect because in both the commitment and support scales the ‘or-
ganization’ was the object of evaluation (in this case the organization referred to the 
installation the individual was working on). Eisenberger et al. [9] found that supervi-
sors, depending on the degree with which they are identified with the organization, 
contribute to overall perceptions of operator support. Therefore supervisor support for 
the health and well being of employees may be perceived by the workforce as an 
indication of the organization’s concern for the welfare of its employees. 

Support from the organization, supervisors and workmates seemed to be necessary 
for employees to participate in activities designed to enhance their health and well-
being. Sloan & Gruman [24] identified perceptions of control over work, supervisor 
support and work time flexibility to take part in healthy activities as dimensions of 
organizational climate that predicted employee participation in worksite health promo-
tion programs. Ribisl and Reischl [21] identified ‘a climate for health’ subsumed under 
general organizational climate, which was strongly associated with exercise behaviors, 
smoking behaviors, nutrition, job stress and job satisfaction. Pender [18] suggests de-
veloping a ‘health strengthening environment’ which directly promotes and facilitates 
healthy behavioral norms. These results and the results of the current study seem to 
suggest that positive health norms are required at all levels of the organization in order 
to facilitate health behaviors. Even if the organization provides support for health, 
supervisors and workmates will have to be willing to accommodate the time and effort 
that their colleagues require in order to engage in these behaviors and group norms will 
be important for maintaining the activities. 

Finally, the relationship between support for health and OCBs was mainly ‘pre-
dicted’ by demographic variables. Thus supervisors, core crew and operator employees 
were more likely to engage in these types of behavior. This makes sense as all these 
groups would be more motivated to engage in activities that led to the success of their 
workplace due to vested interests and their own job or career prospects with the or-
ganization. Supervisor support for health and workmate support for health also exerted 
a small significant effect but Organizational Support for Health did not. This relation-
ship was hypothesized to exist due to care and concern for employees as demonstrated 
through health support would create a climate where support and assistance is provided 
for the organization, again reflecting the process of reciprocal exchange. Also, some-
what surprisingly there was no significant relationship between Organizational Com-
mitment and OCB as anticipated (non-significant correlation). It would appear that a 
climate of care and concern for health and well-being is not necessarily responsible for 
motivating offshore workers to engage in OCBs and that demographic variables such 
as being a supervisor and being a member of the core crew on the installation exert 
more effect.  
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In general, the results of this study are supported by other evidence in the literature. 
For example, Shannon, Mayr & Haines [22] found that practices that reflected a ‘genu-
ine concern of management about their workforce’ rather than ‘tinkering’ with policies 
and procedures tended to be more effective. Likewise, Mearns, Whitaker and Flin [16] 
found that installations with good health management practices had lower rates of lost-
time injuries than installations with fewer health management practices. A further 
study by Mearns & Hope [15] found that greater investment in health-related activities 
resulted in fewer risk taking behaviors and greater commitment at the installation level. 
Discretionary activities related to health promotion and education at the workplace 
would seem to fit with a climate of care and concern, where the workforce feel obliged 
to reciprocate the altruistic actions espoused and enacted by their managers, in line 
with Social Exchange Theory [2] and the psychological contract [4]. Finally, the data 
appears to support Grawitch et al.’s [12] PATH model (Practices for the Achievement 
of Total Health), which proposes that healthy workplace practices such as work-life 
balance, employee growth and development, health and safety, recognition, and em-
ployee involvement has both direct and indirect links to positive employee and organ-
izational performance, e.g. turnover, absenteeism, accidents/injuries. In conclusion, the 
evidence suggests that investing in workforce wellness and well-being delivers tangi-
ble benefits for both individual employees and the organization in general. However, 
there are limitations to drawing conclusions from this type of cross-sectional question-
naire design and future research should focus on examining the impact of a health 
promoting workplace on a range of outcome measures using quasi-experimental de-
signs and incorporating control groups. 
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Abstract. Patient user experiences with medical technology may be important 
predictors of patient ratings of satisfaction with health care systems and of ac-
ceptance of technologies used in their care. The purpose of this study was to 
understand how patients experience medical technology during medical events 
as passive users. 25 women were interviewed after the birth of their child about 
the technologies that were used to provide them care. Interviews were tran-
scribed verbatim and reduced to codes in the qualitative data analysis tradition. 
Results show that patients have user experiences with technologies as passive 
users.  

Keywords: Patients, Technology, User Experience, Health Care. 

1   Introduction 

Human computer interaction theorists have begun to explore new definitions of user 
experience that include concepts such as trust, engagement, fun and fidelity [1, 2]. 
This study used qualitative research methods to develop a typology of obstetric pa-
tients’ user experiences with medical technology and proposes a socio-technical sys-
tems framework for measuring and understanding patients’ total user experience with 
medical technology. We examined patients’ user experiences with medical technolo-
gies during the birth of their child using open-ended interviews with 25 mothers after 
they had given birth. The decision to explore patients’ experiences with the technolo-
gies used in their care, was based on our hypothesis that patients have experiences 
with technologies and the technologies affect patients’ experiences, even when pa-
tients are not active users of the technologies, in the same sense that their care provid-
ers might be.  

1.1   Definitions of User Experience 

There are three major perspectives of user experience; 1) user experience as human 
needs beyond usability; 2) user experience includes emotional and affective aspects of 
human interactions; and 3) user experience is the deconstruction of what it means to 
have an experience [3]. This study examined the user experiences of patients in an 
obstetric work system to build upon theoretical perspectives of user experience that 
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move user experience with technology beyond usability [3]. We were interested in 
how patients developed and expressed user experiences with technologies they might 
not use. We also wanted to understand the emotional aspect of user experience in 
health care, emphasizing how aspects of interactions with technologies and systems 
might lead to positive or negative user experiences. Lastly, we wanted to define user 
experience in the context of humans as both patients in a health care environment and 
as passive users of a technology. 

1.2   User Experience Beyond Usability 

Researchers have argued for the importance of including non-task related user needs 
in the design of products and systems, but gaps continue to exist in our collective 
understanding of the antecedents, factors and outcomes of emotional usability [3]. 
Researchers have explored constructs such as trust [4-6], fun [7-12] and happiness 
[13, 14] in relation to the creation of user experiences and perceptions of usability 
[15-17]. In health care work systems, trust and privacy are important for patients’ 
interactions with technologies [18, 19]. We hypothesized that patients would expect 
their interactions with the technology and system to reflect their emotional experi-
ences of happiness and excitement, which might affect their overall user experience. 

1.3   Emotional User Experience 

User experience research and health care research have recently adopted an emphasis 
on creating positive user experiences. In 2003 the Department of Health (DHS) found 
patient emotional experience to be an important predictor of overall patient satisfaction 
[20]. To work towards improved patient experiences the DHS issued a ‘Patient Experi-
ence Statement’ which summarizes how patients would like to experience the National 
Health System emphasizing emotional expectations rather than physical expectations 
[20].  Emotional experience is also important in user experience research; a major 
theme in this scholarship is understanding the relationship between design and emo-
tional usability [15, 21-25]; specifically understanding how emotions lead to positive 
user experiences and how positive user experiences lead to emotions [3, 26, 27]. In this 
study we were concerned with the relationship between patients’ user experiences with 
technologies and their resultant emotions; specifically how different aspects of the 
technology lead to different emotions. 

1.4   Deconstructing User Experience 

Users bring an array of individual characteristics such as emotions, values, experi-
ences, and mental models for interpreting sounds, sight, and touch; each of these 
characteristics effects new and current experiences [28]. To design a user experience 
the designer must understand the user holistically, which is particularly important 
when designing technologies for a health care experience. The experience of being a 
patient is one of inherent vulnerability and consternation; which may be created at the 
moment of the medical event or over time as one prepares for the event with smaller 
medical events. An experience contains countless discrete experiences that are associ-
ated with various environments, individuals and objects [29]. The experience of hav-
ing a baby is made of many small experiences such as the physical experience of 
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being pregnant, having an ultrasound, visiting a hospital, interacting with a doctor and 
attending a childbirth class. A woman may have many key stakeholders in her experi-
ence, such as her friends and family who have had babies before her, her doctor, and 
her partner. The context of her interactions with her health care providers has the 
potential to create a type of experience for her; a warm homely doctors office creates 
a different experience from a sterile, clinic office. In this study we wanted to decon-
struct the experiences patients were having with the technologies used in their care to 
understand how patients might fit in to the sociotechnical system as users. 

2   Methods 

2.1   Participants 

Twenty-five new mothers represented the patient group. All mothers had given birth in 
a hospital and were between the ages of 19 and 35. Seventeen participants self identi-
fied as White or Caucasian, one participant identified as Asian and one as Hispanic, 
five participants identified as Black or African American. The total number of children 
a participant had ranged from one to four, 12 mothers had one child, nine had two 
children, four had three children and two had four children. 

2.2   Procedure and Analysis 

Qualitative research methods are effective at revealing meanings people assign to their 
experiences [30]. To explore patients’ experiences with the technology they were in-
terviewed about the kinds of technologies that were used in their childbirth experience, 
what they noticed about the technology and how the technology made them feel. Inter-
views were transcribed verbatim and data were analyzed using grounded theory meth-
ods, processes, actions and interactions involving many individuals were studied [31]. 
To clarify participants’ understandings of their experiences with medical technology 
the methods used in this study involved: 1. Developing codes, categories and themes 
inductively rather than imposing predetermined classifications on the data [32]. 2. 
Generating working hypotheses or assertions [33] from the data. 3. Analyzing narra-
tives of participants’ experiences with medical technology [30].  

3   Results 

3.1   Technology Used 

Patients reported the technologies that were used during the births of their children. 
These technologies were coded individually and then grouped into singular codes to 
describe technologies that were essentially the same. For example codes such as scalp 
electrode, vaginal fetal monitor, and internal fetal monitor were all coded as internal 
fetal monitor. These codes were then organized into larger categories. Larger catego-
ries labeled; low technologies, monitoring technologies and birth assistive technolo-
gies, were created to capture the purposes of the various technologies.  
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Low technologies were described as the sole technologies used in natural birth ex-
periences; examples included adjustable beds and clamps. Monitoring technologies 
were divided into two categories, those that monitor the mother and those that monitor 
the baby. Maternal monitoring technologies included maternal heart monitor, blood 
pressure machines and contraction monitors, while fetal monitoring technologies in-
cluded heart rate monitors and ultrasounds. Birth assistive technologies were those 
technologies that were used when natural birth did not occur and interventions were 
needed. These technologies ranged in invasiveness from forceps, vacuums, epidurals, 
induction, and c-sections. Three patients reported not remembering or knowing what 
was used. 

3.2   See, Hear or Feel  

Participants’ responses to what they noticed about the technology were divided into 
what they could see, hear and feel. Thirty-three codes were derived from sight, 14 codes 
were derived from feelings and 13 codes from hearing. Example codes for seeing in-
cluded being able to see the monitor, seeing alarms, seeing pulse rate, seeing graphical 
readouts, and seeing contraction graphs on the monitor. The group feeling, contained 
codes such as feeling the internal fetal monitor, feeling the monitor during contraction, 
feeling the oxygen mask, feeling straps of the monitor around the stomach area, feeling 
blood pressure cuffs, and feeling medications through veins. Hearing included codes 
such as hearing heart beats, hearing unidentified beeps, hearing unidentified noises, 
hearing the baby’s heart beat, and monitor print outs.  

Table 1. Code Families of Technology Attributes Associated with Positive and Negative 
Feelings 

Positive feelings Negative feelings 

Technology was comforting Immobility  

Perceiving heart beat is comforting Belt as the source of negativity  

Having the technology equaled overall good 
feelings 

More pain than necessary  

Knowing when and how long contractions 
would be 

Frustrated about IV  

Monitors helped outsiders (partners and 
nurses) 

Unreliability  

Seeing and monitoring ones own blood 
pressure. 

Machines were distracting  

Keeping an eye on babies heart beat Equipment didn’t feel natural  

Knowing more Contraction monitor is unnecessary  

Knowing that the mom and baby were being 
monitored 

Depending on others  

Knowing that the baby is ok Dislike of blood pressure cuff  

 Feeling like you’re in a hospital  

          Doctors pushing more medical 
         Interventions 
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3.3   Positive and Negative Experiences 

After open coding, patients’ experiences with the technologies were categorized into 
ten positive experiences and twelve negative experiences (see Table 1). Positive feel-
ings were characterized as feelings that were welcome and comforting. These feelings 
were the result of what the patient noticed from the technology and how it helped 
them feel positive about the technology and the process. Negative feelings were char-
acterized by expressions of negativity towards the technology and the feelings that 
resulted from the feedback from the technology.  

4   Discussion 

The results show that patients have user experiences with technologies that are used in 
their care and translate the feedback they receive into positive and negative feelings. 
Positive feelings were the result of what the patient noticed from the technology and 
how it made them feel comforted or positive. Subcategories of positive experiences 
included: 

1. Generally feeling that technology was comforting because it gave them more in-
formation about what was happening to them and their baby. Erin expressed posi-
tive feelings when she said, “It made me feel I guess more comfortable and relaxed 
knowing that you know my baby’s heart rate was being monitored and they knew 
what was going on as far as my contractions when they developed and… it was 
more comfortable.” 

2. Hearing the simulated heartbeat from the fetal heart monitor gave mothers comfort-
ing feelings. Hearing the heart beat, gave them a sense of reassurance that the baby 
was healthy and that they were more connected to their baby.  

3. Having the technology equaled overall good feelings for some mothers. The pres-
ence of the technology made them feel that they were receiving first class care and 
that the system would be prepared if anything were to go wrong.  

4. Knowing when and how long contractions. Mothers described knowing about the 
contractions as a positive experience for themselves and for the information it pro-
vided to their partners and care providers.  Knowing when they would have con-
tractions helped them prepare for them and it also helped their partners empathize 
when they could see the intensity of contractions on the monitors.  

Kelly expressed positive feelings about the technology when she said “I’d say it 
was comforting, to be able to hear that the babies were doing fine, and you know, to 
be able to know when you were having a contraction too, and how much longer you 
were going to have to endure it. So I would definitely say it was comforting.”  

Negative feelings were characterized by expressions of negativity towards the 
technology and the feelings that resulted from the feedback from the technology. 
These negative feelings were:  

1. Immobility was described as a source of negatively; the presence of the technology 
changed participants’ experiences as patients. With the fetal heart rate monitor, pa-
tients were not able to move freely without regard to how the movement would af-
fect the monitors functioning. Nicole expressed negative feelings about immobility 
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and depending on others when she said “I didn’t like having to wear the monitors. I 
mean they put them around and she… kind of… you’re kind of on a leash, so if 
you are trying to turn around to get comfortable, you can’t. You have to ask the 
nurse, to like, make sure everything is still hooked up when you go to turn on your 
side and stuff like that. And that was kind of a pain.” 

2. Participants described frustration about having to use intervention that they per-
ceived to be unnecessary. These interventions included intravenous therapy, auto-
mated blood pressure cuffs, and points where doctors suggested they interventions 
that had not planned for such as induction and epidurals.  

3. Unreliability was a salient theme in negative experiences as indicated by the num-
ber codes between and within interviews. Participants expressed negative feelings 
when they could not depend on the technology to accurately reflect the health and 
well being of their baby. Jennifer discussed how unreliability contributed to a 
negative experience when she said: 

“It’s a little nerve wracking when they are like okay you know uh you know we are 
suppose[d] to be able to monitor the baby’s heart rate and we can’t find it. Even 
the attitude of the nurses in the room, they were agitated when they couldn’t find 
the heart rate so you know and then, you know, you hear the beeeeeep, the loud 
beeps of straight lines and things like that. So it is, you know, you know, having 
had a more consistent experience with my son, you know, having all that going on 
and having the nurses attitude be a little more agitated with the process you know 
it kind of it kind of sends you into a “okay what’s going on? Why isn’t this work-
ing? Is something wrong with the baby?” So it was a little, a little nerve wracking 
not knowing, you know, not knowing why alarms were going off or not knowing 
why their machines weren’t working for me.”  

4. A final major theme in negative experiences included participants’ feelings that the 
technology was unnatural in their experience. The unwanted presence of technol-
ogy was expressed by codes that described the presence of the machines and their 
outputs as distracting, the technology as unnatural and feeling like they were “in a 
hospital” as an unwelcomed experience.  

5   Conclusion 

One of our objectives was to define user experience in the context of humans as both 
for patients in a health care environment. Our results provide evidence to support the 
notion that patients have experiences with technologies used in their care. We also 
hoped to understand the relationship between characteristics of the technologies and 
positive or negative user experiences. Emotional aspects of user experience were pre-
sent in our findings in both positive and negative experiences. When technology 
worked well, it had the potential to create positive experiences and enhance the pa-
tients’ connection with their babies. Examples of designs that enhanced the emotional 
experience were the audible simulated heartbeat; when patients could hear the heart-
beat they felt reassured that their baby was ok. Negative experiences occurred when 
technology did not work well or when care providers could not get technologies to 
work properly. We hypothesized that patients would expect their interactions with  
the technology to reflect their expected emotional experiences. Patients identified  
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mismatches between the experience the technology afforded them and their desired 
experience. These experiential mismatches were reflected in patients’ desire not to feel 
like they were in a hospital or feeling the technology was an unnatural artifact in their 
experience. Patients also identified experiences where technologies met their expected 
needs, such as a need for more information or assurance that they were receiving high 
quality care.  

Patients’ experiences with technologies contributed to positive and negative experi-
ences as individuals and the resultant co-experiences patients experienced with their birth 
partners and care providers [28]. Technologies that lead to positive experiences lead to 
positive co-experiences; seeing the contraction graph allowed partners and care providers 
to share patients experiences by showing them when contractions would occur, the inten-
sity and how long they would last. Hearing the baby’s heartbeat allowed both the patient 
and the birth partner to experience the baby. We found that patients’ experiences were 
grounded in expectations and contexts such as feeling that the “technology gave more 
information” or “feeling the technology was unnatural.”  

This study was limited by its small sample size, study population. The qualitative 
methodology used, was not intended to build causal relationships but to generate hy-
potheses about patient user experiences. Future studies should explore patient user 
experiences in other health care contexts and the effects of patients’ positive or nega-
tive user experiences on the health care work system. Understanding how to design 
technologies that create positive experiences for both patients and workers will lead to 
more effective health care systems.  
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Abstract. Geographically distributed virtual teams are increasingly prevalent in 
global organizations. Despite the growing attention to virtual teams, there is 
limited understanding of how cross-cultural collaboration and electronic de-
pendence in communication affect virtual workers’ psychological reactions and 
well-being. This qualitative multi-case study aims at understanding the different 
causes of stress in cross-cultural collaboration. An overarching analysis across 
seven case studies revealed that globally distributed team members experienced 
job stressors such as language challenges in English, or lingua franca, misun-
derstandings, and conflicts due to different mindsets, communication and be-
havior styles, and work-leisure orientations. Without adequate skills in lingua 
franca, or proper cultural and local awareness of distant team sites, coping was 
not successful, thereby stressors lead to distress. 

Keywords: Virtual Teams, Cross-Cultural Collaboration, Stress, Coping. 

1   Introduction 

Within an increasingly global economy, more and more corporations engage multi-
cultural, globally distributed, virtual teams. Such teams consist of individuals located 
in many different countries or geographical areas with a common goal, carrying out 
interdependent tasks, using mostly information and communication technologies 
(ICTs) for collaboration [3], [18]. This kind of global time-space compression of team 
functions facilitated by ICTs may result in collision of global, national and organiza-
tional attitudes. Cross-cultural virtual teams may face difficulties as they attempt to 
coordinate across distance, cultural differences and divergent mental models [22]. To 
facilitate collaboration across national and linguistic boundaries, global organizations 
are increasingly mandating that all employees use English as a common corporate lan-
guage, a so-called lingua franca. Research suggests that such a language stipulation 
favors native English speakers and impacts negatively on collaboration in cross-
cultural work teams [4]. For non-native English speakers, encountering the lingua 
franca may be anxiety-inducing [13], [15]. Prolonged communication-based anxiety, 
in turn, may lead to stress. According to a new common definition [8], stress is a state 
accompanied by physical, psychological or social complaints or dysfunctions, which 
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results from individuals’ feelings that their abilities are insufficient for the require-
ments and expectations placed upon them. This definition emphasizes the interaction 
between work stressors and a person’s individual characteristics. Work stressors and 
stress in virtual work has rarely been studied [23]. Consequently, whether global vir-
tual workers are a highly stressed group is not known. This study attempts to examine 
the characteristics and demands of cross-cultural collaboration through ICTs, and its 
contributions to stress, through an empirical investigation.  

Lack of proximity, lack of face-to-face communication, ICT dependence, and cul-
tural differences affect collaboration and communication in global virtual teams [5], 
[12]. Different sites of global organizations may appropriate the ICTs differently de-
pending on their specific geographies, infrastructure, history, culture and languages. 
There might be different views of the relevance, applicability, and value of particular 
modes of working and use of ICTs which may produce conflicts in virtual teams, 
thereby leading to stress. Lean computer mediated communication (CMC) and lan-
guage differences between the virtual team members can be an impediment for global 
collaboration. However, team members’ diverse backgrounds and mindsets can lead to 
superior innovation performance, if the team invests in rich internal communication, 
e.g. defines goals well, develops work plans, prioritizes and coordinates work [1].  

Despite the increasing attention to virtual teams, there is limited understanding of 
how cross-cultural collaboration through ICTs contributes to virtual team members’ 
psychological reactions and well-being. Williams and O’Railey [24] argued that “di-
verse groups are more likely to be less integrated, have less communication, and have 
more conflict” (p.115). Scholars have consistently argued that conflicts are more ex-
treme on geographically distributed as compared with collocated teams [1], [14]. In 
traditional, collocated organizations, interunit conflicts have been acknowledged to be 
a source of psychological stress for employees (e.g.[21]). However, there is a gap in 
research on stress and its antecedents in culturally diverse virtual teams, whose com-
munication is mediated through ICTs. To fill this gap, I conducted an investigation 
designed to identify the job stressors of cross-cultural CMC that affect the well-being 
of virtual team members. Specifically, this research was guided by two key questions: 
(1) What are the job-stressors of cross-cultural collaboration through ICTs in virtual 
teams? and (2) How do employees cope with these job stressors to promote their well-
being? 

2   Methods 

I applied qualitative, interpretive research methods [16] to study cross-cultural 
collaboration through ICTs in globally distributed teams. I used seven globally 
distributed teams for the comparative case design [7], [16]. Table 1 describes the seven 
distributed teams I studied. I applied respondent validation with the single case study 
results, enabling the informants to review the analysis before generalizing across cases 
[7], [16]. The focal teams employed people working and living in different geographical 
areas (North America, Europe and Asia), each with their own set of business conditions, 
cultural beliefs and history. The cases were selected from five globally distributed 
companies in the electronics and software industry. The teams called GlobEle, GlobTele 
and GlobTech were from the same electronics company, while the other teams were 
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selected from four different companies.  All these companies’ headquarters were located 
in Finland. In an effort to facilitate collaboration among co-workers across national and 
linguistic barriers, the focal organizations used English as their common language, 
lingua franca.  

The team leaders and members (N = 65) were interviewed between March 2003 and 
July 2004 as part of a larger program of research on distributed and mobile teamwork. 
The interviews dealt with several aspects of virtual work, such as job demands and 
resources, cross-cultural collaboration, CMC, stress and well-being. 32 persons were 
interviewed in English and others in my native language, Finnish. Each semi-structured 
interview lasted 1-2 hours and was taped and fully transcribed, coded and analyzed 
qualitatively [7], [16] with a data analysis software. First, I broke down the data to 
extract key passages on expressions of felt stress or stress-related passages that could be 
identified as being of theoretical interest. Second, I continued the analysis by three 
linked subprocesses: data reduction (coding, teasing out themes), data display (making 
matrixes, lists) and drawing conclusions (noting regularities and patterns) [16]. In the 
data reduction phase, I coded the texts and extracted the passages related to stress and 
cross-cultural collaboration for further analysis. In the data display phase, I placed the 
coded passages in a matrix and monitored the internal cohesion of the codes. Thereafter, 
I recoded and analyzed the passages further to establish my results. In the next section, I 
present the results of an overarching analysis across all the seven case studies. 

3   Findings 

Language challenges, misunderstandings and conflicts caused stress to the studied 
team members who collaborated through ICTs. Table 2 shows the frequencies of the 
coded passages in my data expressing stress or stress-related negative emotions (such 
as overload, anxiety, nervousness, frustration) in cross-cultural collaboration. Cultural 
diversity affected the collaboration and communication in various ways in the focal 
teams. Some interviewees praised the diversity for arousing enriching viewpoints on 
design work. Still, most informants described cross-cultural collaboration as compli-
cated and stressful due to language challenges and misunderstandings, which some-
times escalated to conflicts. Individuals felt stress when sufficient resources were not 
available for coping with these stressors.   

Table 2. Stressors of cross-cultural collaboration through ICTs 

 
Stressors of cross-cultural collaboration through ICTs 

Frequences of the 
coded passages 

Language challenges 
 

89 
Misunderstandings and conflicts due to: 

- different communication and behavior styles 
- different mindsets 
- different work-leisure orientations 

 
89 
85 
28 

 



82 N. Nurmi 

3.1   Language Challenges  

Language challenges in English, the lingua franca, was a major cause of stress in the 
studied cross-cultural teams. This language stipulation favored native English speakers. 
Less fluent English speakers felt inability and incompetence in expressing themselves 
and getting their point across in team communication. Some non-native English speakers 
reported that often they would rather withdraw from the conversation than continue fight-
ing for their opinions. A Japanese interviewee described his coping mechanism: “It’s 
difficult if we have to discuss in English. [If we would have the] same problem but dis-
cuss in Japanese, I will try and get shared conclusion even if it takes time. If it’s the same 
topic [and the] discussion [is held] in English, I will compromise a lot or just leave it to 
boss [and go] away.” Another Japanese interviewee was frustrated and anxious because 
he was unable to use his technical skills in cross-cultural team collaboration when Eng-
lish skills were required: “I have these kinds of skills I need to accomplish my task. If it 
requires some English skills, I can't use my skills. The English reduces the opportunity to 
use my skills.” A couple of Chinese non-native English speakers, who worked for 
American managers, got nervous when they could not understand their manager’s talk: 
“My English is not good, if I did not get [my manager’s] point I get nervous,” one of 
them said. 

Not only the non-native speakers became stressed but also the native English speak-
ers found the language challenges and miscommunication stressful. The American 
manager of the Chinese team members mentioned above described his coping mecha-
nism: “Quite often you have to ask them to repeat what they said. I try to keep that to a 
minimum, because it can become insulting.” In some cases, written communication 
was used as a coping mechanism in bridging the language barriers between native and 
non-native English speakers. An American interviewee explained his communication 
strategy with non-native English speakers: “Very often it is easier for me to communi-
cate by writing to get a basic idea what we are talking about. Establish the thought and 
then ask specific questions and get answers. First we have to build a foundation for 
conversation in writing.” 

However, some non-native English speakers experienced email as an especially 
stressful medium. E-mail communication in English was time-consuming and added to 
the sense of overload for a Japanese interviewee who was trying to cope with a busy 
work situation: “Sometimes or always I’ve had difficulties in English. … it is difficult 
to communicate … if you send very long [e-mail message in] English, it takes time to 
read or go through.” In addition to e-mail, teleconferencing was also mentioned as a 
difficult communication medium for non-native English speakers because of the lack 
of body language. Even though e-mail was stressful for a Chinese interviewee, she still 
preferred written communication over talking in English: ”I [am] not good at English, 
so e-mail is pretty horrible. I can write English, but I’m not good at debate, talking. … 
In case of teleconference we can not use body language. They don’t wait for me to 
think in English. Q: Does that cause you stress? A: Yes.” 

3.2   Misunderstandings and Conflicts 

Different communication styles, mindsets and work-leisure orientations between the 
cross-cultural team members caused misunderstandings and sometimes conflicts in 
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the studied teams. Interviewees described these misunderstandings and conflicts as 
stressful work events. 

Different communication and behavior styles. Different communication and behavior 
styles, as well as language issues, created miscommunication in the studied teams when 
cross-cultural team members were not able to interpret each other correctly. An 
American leader described the collaboration as challenging and fragile as a house of 
cards: “It takes weeks and months to set up the relationship and get it working well and one 
word can completely destroy it.” Another American interviewee related an example of 
destructive miscommunication between French and American collaborators:  “[After] 
four days of meetings and disclosures, a [native English-speaking] person wrote a 
summary of the meeting and a letter thanking [the French collaborators] for the 
meeting and so forth, and the last sentence was, ’Maria, we found this meeting to be 
invaluable.’ And the whole thing collapsed, people were just furious that the perception 
was that they had come to the meeting and the whole thing was seen to be not valuable. 
In English invaluable means you can't do without it, it was very valuable. And in 
French, in means not, and it took weeks to undo and get that whole [collaboration] 
back on track again, so in language issues one word can completely destroy 
[everything].” 

ICT-mediated communicaton, in which non-verbal cues were minimized, caused the 
majority of miscommunication. Many interviewees said that e-mail messages were 
easily misunderstood and sometimes these misunderstandings escalated to conflicts in 
cross-cultural teams. An American interviewee warned: “The written word can be very 
dangerous, when you're dealing at a personal level or interpersonal amongst the team. 
… Especially if it's something that'll upset them, they'll read it again and again and 
every time they read it they will reinforce their own understanding which may be the 
incorrect understanding.” Another American interviewee reported that the most 
stressful problems in his teams occurred when e-mail messages were misinterpreted and 
taken personally: “There are connotations in e-mail. The way things are written people 
may interpret them in incorrect manner. Especially going international, when there are 
different languages, different translations of words, and different meanings. On the sen-
tence that I say in English to another person who is from America or an English speak-
ing country, they would interpret it in one way whereas if you sent that same message to 
someone, say in Finland, and they read it, the context may mean something ELSE to 
them. And oftentimes, I think that’s where we begin to have problems as a group, is 
when people begin to take messages personally or misinterpret them. That’s when the 
biggest problems occur.”  

In the studied teams, different cultures had different national traits, reactions and 
styles in communication. An American interviewee gave an example of stress exacer-
bating miscommunication between American and Finnish team members, who had 
different styles in reacting to stressful work situations: “When [work] pressure gets 
extremely high, the American response will be an e-mail to Helsinki saying, [the] sky is 
falling, we have all these things to do, if all these things are not on the dock by next 
Thursday we all lose our jobs and millions of dollars and yada yada, whine whine 
whine... and then the Finnish response is, don't worry. And so the American gets that 
response and it's like, they don't understand, the world is falling and what do you 
mean, don't worry, of course I worry, like this…. so someone who has not been [in the 
Helsinki office] and not seen what that ‘don't worry’ really means will interpret that a 
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little differently, and the Finnish response to that American [panicking] is stop whining 
and get some work done. It's the difference.” Another American interviewee from Tuc-
son described the aggressive “Bostonese” communication style, with which people 
from other cultures found hard to cope: “Culturally people in Boston are hyper. They 
are intense. And they FIGHT to get to work, and they FIGHT to get to the grocery 
store. And they FIGHT to get to their club or their baseball game or their recreation, 
and then they go home and they start again the next day to FIGHT… So when they go 
to interact with people from a different culture they come off as being ignorant and 
boorish and too aggressive, and not considerate of others’ needs… [the team member 
in Boston] just pissed everyone off by his attitude and actions. And he made it so that 
he was no longer welcome.”  

Many interviewees explained how Japanese and Chinese people became 
uncomfortable when communicating and negotiating with American and European 
colleagues, who expressed their ideas more aggressively than Asian people. Japanese 
interviewees emphasized how important it is in Japanese culture to consider other 
people’s opinions and compromize. The direct western e-mail communication style was 
described to be offencive to Japanese: “The style of e-mail is completely different [in Japan 
and Western countries]. It’s difficult [for my Western colleagues] to see the situation of mine. 
Some [of their] e-mails look rude for Japanese.”  
 

Different mindsets. Different mindsets among people from different cultural back-
grounds, i.e. different attitudes, ways of thinking and believing affected their re-
sponses to and interpretations of situations. An American interviewee said that con-
flicts occurred in cross-cultural collaboration if some people automatically assumed 
their way of thinking, or their way of doing things, was the only way or the “right” 
way and did not understand others’ points of view: “One side does not understand the 
scope or the gravity or the seriousness of the situation so [there is] a mismatch in 
perceptions of importance or significance, or one set of priorities does not align with 
another group's set of priorities. That's probably the single largest cause of some kind 
of dispute.” A Dutch interviewee expressed his frustration against the Finnish mindset 
and considerate working style, and how he coped with it: “Finnish people try to be 
very formal and structured. … In practice, it leads to endless discussions and long 
delays in how things happen. If you want [to] really get things done, it’s better to first 
do it and then ask permission, than first ask permission and then do it. I’ve worked for 
over two years [in this company] so I’ve kind of got used to this mentality and the fact 
that Finns are like this.”  

Different work and leisure orientations. Different work and leisure orientations 
between cross-cultural team members created misunderstandings and stressful 
surprises for those who were not culturally aware. Japanese people were described to 
be work-oriented and very flexible in their working time. They could be expected to 
work long hours, unlike Scandinavian people who were seen as more family-oriented, 
reinforcing their eight hour working schedule. A Japanese interviewee was frustrated 
about the different work orientations between Japanese and Finnish team members: 
“When I need to do some work, I make sure that I finish the day's work before I go home... but 
Finnish people I think stop working when time hits 5pm or 6pm.” He also told an example of 
a stressful event when he missed a major part of his human resources for a couple of 
months because he was not aware of Scandinavian holidays and could not prepare for 
the summer: “I realized during the course of the project that people have differences in 
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the weeks [of holiday] and they request the timing [for the vacation].  When the person 
is on a vacation, they actually do not work at all, so the project STOPS for that time. 
When there are many people consecutively taking vacation it could have been 2 or 3 
months without any work done, which I wasn't expecting. Japanese companies’ em-
ployees, we don't take this much vacation days.”  

Major misunderstandings and conflicts were encouraged to be solved face-to-face 
in the studied teams. All companies invested in distributed team members’ visits to 
the other team site. Exchange programs of two to three weeks were said to increase 
cultural understanding and decrease misunderstandings between the virtual team 
members: “We solved [cultural issues] by exchanges, by group exchanges… it is 
actually through this exchange so that the person can begin to understand what each 
one of the priorities are. So that the misunderstanding[s] go away.” After a face-to-
face encounter, virtual team members understood each other better in CMC, which 
made cross-cultural collaboration through ICTs less stressful.  

4   Discussion  

The potential of the virtual work environment to lead to adverse well-being and 
performance is high. As suggested by Armstrong and Cole [2] and Cramton [6], 
distributed teams often experience high levels of conflict; so did the cross-cultural 
virtual teams in this study. More importantly, I found that these conflicts, cross-
cultural misunderstandings and language challenges in lingua franca contributed to 
virtual team member’s stress in ICT-mediated collaboration if sufficient resources 
were not available for coping. I propose that the skills in lingua franca, and cultural 
and local awareness of distant sites help ensure that these potential sources of stress 
do not actually act as stressors for the virtual team members. It has been shown that 
particularly under high job demands, job resources may not only mitigate the negative 
impact of job demands on work engagement but more importantly even motivate and 
increase work engagement [9]. Therefore, it is also important to identify specific cop-
ing resources that may reduce job demands and stressors and support the work en-
gagement of virtual workers. Earlier studies on competences in virtual teams suggests 
that these coping resources combine social and individual resources, such as goal and 
role clarity, common process compliance, commitment, intercultural sensitivity, lan-
guage skills, mutual knowledge and understanding [17], [20].  

Like any study, this has limitations. My data came from a relatively small number 
of individuals and teams. A larger sample drawing from more settings might reveal 
more job stressors and coping methods. Methodological triangulation, mixing quantita-
tive and qualitative data, would have facilitated more comprehensive interpretations 
and strengthened the argumentation. Measuring the level of stress, job engagement, 
effectiveness and performance with survey methods might have complemented the 
qualitative analysis, maybe generated enriching viewpoints, and helped validate re-
search results. 

5    Conclusions 

Despite these limitations, this study makes an important contribution to the literature 
on virtual teams suggesting that cross-cultural team members may experience stressors 
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such as language challenges, misunderstandings and conflicts. Without adequate skills 
in lingua franca, or proper cultural and local awareness of distant sites, coping may be 
difficult, thereby causing distress. In the next phase of this research, I will measure 
these stress reactions directly and examine how they manifest themselves with respect 
to mental and physical disease. This is particularly important insofar as global expan-
sion is making the management of cross-cultural employees in distant locations more 
critical than ever [19]. The present research provides a substantial base from which to 
launch such ambitious investigations. It also provides new viewpoints on management 
of global organizations, which should ensure that virtual workers are adequately pre-
pared for the transition of the cross-cultural collaboration, ongoing monitoring of 
workers’ perception of their health and well-being, and training of leaders to develop 
proper leadership and team practices that help in coping with the unique stressors of 
cross-cultural collaboration through ICTs in virtual teams. 
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Abstract. This study examined the factors of computer use, job tasks, muscu-
loskeletal and visual discomfort and organizational support to better understand 
the magnitude of their  impact on  the safety and health of  computer work em-
ployees. A cross-sectional survey was administered to a large manufacturing 
company to investigate these relationships. Associations between these study 
variables were tested along with moderating effects framed within a conceptual 
model. Significant relationships were found between discomfort, computer use 
and psychosocial factors including supervisory relations moderating the rela-
tionships between workstation satisfaction and visual and musculoskeletal dis-
comfort. This study provides guidance for developing recommendations in  
designing office ergonomic interventions with the goal of reducing muscu-
loskeletal and visual discomforts while enhancing worker performance and their 
quality of worklife. 

Keywords: Office ergonomics, computer workers, psychosocial factors,  
discomfort. 

1   Introduction 

The occurrence of Work-Related Musculoskeletal Disorders (WMSDs) and visual 
discomfort in computer workers continues to be of concern.  Musculoskeletal disor-
ders (WMSDs) in the US resulted in 375,540 occupational injury and illness cases 
involving days away from work (annual incidence rate 68.8 cases per 10,000 full time 
workers, accounted for 30% of total injury cases for 2005), and its prevalence is high 
among computer users (often 40 to 80%) [1-3]. Computer work is identified as a risk 
factor for WMSDs and visual discomfort in the working age population [4-6]. Upper 
extremity musculoskeletal symptoms among computer users are reported to be as high 
as 63% [4]. Critical computer and office work characteristics that have been found to 
be associated with WMSDs and visual discomfort are: workstation design, psychoso-
cial factors, and daily hours working on a computer [7-10].  

This study examines the relationships among the factors of satisfaction level regard-
ing workstation design, computer use, relationships with co-workers and supervisors, 
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and various perceived musculoskeletal and visual discomfort levels (i.e., head, eye-
strain, upper body, lower body and overall discomfort). Figure 1 presents the conceptual 
model for this study. These results would provide guidance in developing recommenda-
tions for designing office ergonomic interventions with the goal of reducing muscu-
loskeletal and visual discomforts among intensive computer users as well as improving 
the overall safety of workers.  
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Fig. 1. Conceptual Model of the Study 

2   Methods 

2.1   Study Site 

We conducted this study at a large U.S. manufacturing corporation whose offices con-
sisted of multiple buildings, fairly similar in environmental design, workstation size, 
and workspace. There were differences, however, with regard to furniture and the 
computer tasks. The main computer tasks were word processing, data entry, and 
spreadsheet work. A few employees worked in design and used Computer Aided De-
sign (CAD) computer equipment. The majority of workstations were not adjustable. 
There was a wide variety of chair styles and range of adjustability (a minimum of 3 
adjustments). All employees had access to ergonomics information, accessory tools or, 
upon request, an individual ergonomics workstation evaluation.  
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2.2   Study Design  

After approval by the Institutional Review Committee for Human Subjects, we ad-
ministered a cross-sectional survey to a randomly selected sample of office computer 
users during work hours via Lotus Notes. An announcement about the study was 
made by the company’s ergonomics manager. The survey was distributed to 20% of 
the company’s population for a total distribution of 3,400 surveys.   

2.3   Survey Design 

The computer ergonomics survey was based on several previously validated computer 
ergonomics and discomfort questionnaires (11-12). The survey consisted of 52 items 
grouped in eight general categories. The first category consisted of demographic items: 
individual division, department, location, job categories (i.e., assistant, analyst, cus-
tomer service, engineer, sales, staff, researcher, supervisor), tenure, gender and age. 
The other seven categories included self-reported perceptions of: (1) workstation de-
sign/layout (work surface area, surface height, storage space, privacy appearance, 
chair, lighting, glare); (2) organizational issues, (e.g., obtaining ergonomic accessories, 
information and assistance); (3) musculoskeletal discomfort (neck, shoulder, elbow, 
wrist/hand, upper back, low back, hip, knee, ankle/foot); (4) visual discomfort (head-
aches and eyestrain/vision); (5) psychosocial issues (co-worker support, job satisfac-
tion, supervisory relations); (6) workload and computer use (hours at work, hours at 
home, time sitting); and (7) job tasks (mousing/keying, telephone, handwriting, meet-
ings, office machine use, filing). 

Respondents evaluated workstation design by rating satisfaction of eight work-
station design features questions with 3-point Likert-type scales. Organizational issues 
were evaluated through questions on ease of obtaining ergonomics accessories, and 
accessible ergonomic information. Overall self-reported musculoskeletal discomfort 
experienced in the past three months was rated by responding to a Yes/No question. 
Additionally, musculoskeletal work-related discomfort was assessed for 9 different 
body parts and visual discomfort was assessed for 2 items (headache and eyestrain). 
Frequency and severity of symptoms during the preceding 3 months were evaluated 
using 5-point Likert-type scales. Productivity, as it relates to how often the discomfort 
interfered with the ability to perform the job, was rated with 5-point Likert-type scales 
for each of the 9 body parts and 2 visual items. Co-worker support was evaluated 
through five questions and was rated by a 3-Point Likert-type scale. Job satisfaction 
and supervisory support were evaluated through 2 questions and were rated by 3-point 
Likert-type scales.  

Questions on workload, computer use and job tasks were rated by total computer 
use time, including computer work done both at work and at a home.  

2.4   Data Analyses 

Characteristics of the study population were summarized using relative frequency dis-
tributions and other descriptive statistics. Tests of bivariate associations were con-
ducted to assess the relationships between the study variables. A series of multiple  
regressions were conducted to examine the effects of the predicators variables on the 
outcomes variables of visual and musculoskeletal discomfort as well as the moderating 
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effects of supervisory relations and co-worker support. For the outcome variable of 
discomfort we created four composite scores of visual (1) and musculoskeletal discom-
fort (3) to be used in the testing of the model for overall visual and musculoskeletal 
discomfort.  

3   Results 

3.1   Participants 

There was a response rate of 37%, where 1,259 surveys were completed. Of the sur-
vey respondents, 55% were male. There were nine job categories identified and the 
administration category represented the largest number of individuals (46%).  

3.2   Musculoskeletal and Visual Discomfort 

The survey findings revealed that for all job categories, the most frequent discomforts 
reported at least monthly were: eye strain (48%), neck pain (43%), headaches (45%), 
shoulder pain (40%), wrist pain (36%), and low back pain (35%).  

Fifty seven percent of respondents reported experiencing discomfort while perform-
ing their job during the past three months, responding to a Yes/No question. Reporting 
discomfort over the past 3 months was positively correlated with more individual fre-
quent reports of discomfort for all body parts: neck (r = .34), shoulder (r = .33), elbows 
(r = .28), wrists (r = .38), upper back (r = .29), lower back (r = .27), hip (r = .16), knee, 
(r = .13), and ankle (r = .13) as well as for headaches (r = .23) and eyestrain (r = .27) 
[all sig. at .01 level]. 

3.3   Computer Use and Musculoskeletal Discomfort 

Seventy percent of the respondents reported spending four or more hours using the 
computer each day at work. Moreover, 35% of employees reported spending six or 
more hours using the computer each day at work. Participants in sales reported the 
highest percentage (67%) of overall musculoskeletal discomfort while performing 
their job, followed by analysts (64%), then assistants (58%).  

Significant positive associations were found for all visual and body part discomfort 
frequency levels and the number of working computer hours. The correlation coeffi-
cients were: r = .18 (headache), r = .23 (eye strain), r = .19 (neck pain), r = .18 (shoul-
der pain), r =.13 (elbow pain), r = .15 (wrist pain), r = .18 (upper back pain), r =  .13 
(lower back pain), r = .15 (hip pain), r = .15 (knee pain), r = .08 (ankle pain) all signifi-
cant at the .01 level. 

3.4   Ergonomics Accessories and Musculoskeletal and Visual Discomfort 

A significant negative correlation between obtaining ergonomic accessories and over-
all musculoskeletal discomfort (r = -.18, p<.01) was revealed. That is, the easier it was 
to obtain ergonomic accessories, the less frequently participants reported muscu-
loskeletal discomfort over the three-month period. Further, significantly negative cor-
relations were found between ease of obtaining ergonomic accessories and frequency 



92 M. Robertson, E. Huang, and N. Larson 

of discomfort: headache (r = -.07), eye strain (r = -.10), neck pain (r = -.10), shoulder 
pain (r = .06), elbow pain, (r = -.08), wrists pain, (r = -.11), lower back pain, (r = -.10), 
knee pain (r = -.06), [all p’s <.05]. Additionally, the finding that the more satisfied the 
respondent was with the workstation, the easier it was for them to obtain ergonomic 
accessories was positively significant (r = .27, p<.01).  

A significant negative correlation was found between knowing how to request an 
ergonomic evaluation and less frequently reported musculoskeletal discomfort over 
the past 3 months (r = -.11, p <.01).  

3.5   Work Environment Design 

Only half the respondents reported making appropriate changes to their workstations 
or work habits to address their discomfort. Participants who did make changes to ad-
dress their discomfort were associated with significantly less frequent discomfort over 
the prior 3 months (r = .21, p<.01).  

3.6   Relationships among the Predicators and Outcomes 

Predicators effects. The results from the multiple regressions showed that gender 
(being female), lower satisfaction level with the workstation design, higher number of 
hours of daily computer use, and poor relationships with co-workers and supervisors 
had significant effects on employees’ various self-reported musculoskeletal and visual 
discomfort levels (all p’s <.05).  

Moderating effects. The psychosocial factor of supervisory relations partially moder-
ated the relationships between satisfaction of workstation design and work environment 
lighting, as well as the number of hours of computer use on various musculoskeletal and 
visual discomfort levels (p <.05). 

4   Conclusion 

This study investigated the factors of computer use, musculoskeletal and visual dis-
comfort and organizational support to more fully understand the impact of computer 
work on workers. Moreover, the moderating roles of supervisory support and co-
worker support were examined. This study identified potential areas for designing 
office ergonomics interventions concerning workstation design, psychosocial issues, 
computer use, and organizational response.  

Limitations of this study should be considered since these are baseline results repre-
senting a cross-sectional survey. Thus, temporal relationship between discomfort and 
the other study variables cannot be established. These study outcomes consisted of 
self-reported symptomatology which may not be a stable indicator of musculoskeletal 
disorder in the working population [6]. However, Hunting et al. [13] found that ap-
proximately one third of employees with complaints also had clinical findings associ-
ated with high muscle and tendon strain, suggesting that symptoms may be a sensitive 
indicator of musculoskeletal disorders.  

Results of this study provide supporting and consistent evidence that muscu-
loskeletal and visual discomforts of computer users are associated with a variety of 
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physical, psychosocial and organizational factors such as working hours, job tasks, 
computer use, supervisory and co-worker support and ergonomics assistance [4-10]. 
These factors are to be considered as key indicators in designing and implementing 
corporate office ergonomics interventions [14-21] with the goal of reducing WMSDs 
and visual discomfort while enhancing worker performance and the safety of com-
puter and office workers.  
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Abstract. A holistic occupational health management system was implemented 
at the German tax administration. It integrates a multi-component health pro-
gram that focuses on back pain prevention. The present study reports results 
from the evaluation of the program. It consists of a health screening (N =1043) 
which measured 13 risk factors followed by tailored interventions. One half of 
the participants exhibit moderate to high risk for future back pain. Participation-
rate of the program is 48.46%. Results reveal a significant increase in physical 
activity. Results of the pre-post-test evaluation show moderate changes in the 
psychological variables, except for a decrease in catastrophising. In addition, a 
substantial decrease in back pain frequency, -intensity and impairment through 
back pain could be observed. The results of the interventions are discussed with 
regard to participation issues of work site health programs. 

Keywords: worksite health promotion program, multilevel program, back pain, 
health management. 

1   Introduction 

In Western countries musculoskeletal disorders are widespread and constitute a major 
problem that may affect a person’s quality of life, including the ability to work, family 
life, and psychosocial well-being [20]. Musculoskeletal disorders are with 26.7% the 
number one cause of disability and sick-leave in Germany [31], causing Germany’s 
health system at least 10-15 billion Euro each year on direct medical costs [10]. Due to 
the serve of musculoskeletal disorders, extensive research has focused on the aetiology, 
prevention and treatment of musculoskeletal disorders, expecially lower back disorders 
(LBDs). Winkel and Mathiassen [28] differentiated possible risk factors for LBDs into 
three groups: individual/socio-demographic, biomechanical and psychosocial. This 
distinction could be verified empirically (e.g. [7]). Based on these risk factors, re-
searchers have conducted many interventions designed to reduce the prevalence and/or 
incidence in different occupational settings [21]. In recent years worksites have often 
been viewed as optimal settings for health promotion programs. Not only do worksites 
provide a good longitudinal access to a large number of employees, they also offer the 
possibility to conduct multi-component interventions, directed at individual, organiza-
tional, and environmental determinats of health. Tuncel et al. [23] categorized these 
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interventions into six main groups: (1) organizational environment changes, (2) job 
design, (3) job placement (worker selection), (4) education/training, (5) physical exer-
cise, and (6) back supports.  

Empirical data on the effectiveness of these interventions shows that many docu-
mented interventions to reduce occupational musculoskeletal disorders have been un-
successful [26]. In spite of the reduction in occupational exposure level over time, 
musculoskeletal disorders still constitute a significant problem. Disorders may even 
occur frequently at workplaces offering ergonomic work station and tool design. One 
reason could be that interventions generally focus on a minor fraction of the problem, 
for instance concentrating on individual factors, or workstation and tool design, but 
neglect the basic assumption that LBDs are determined multi-causal.  

1.1   Worksite Health Programs 

Comprehensive and multi-component worksite health programs are able to face the 
multicausal causation of several disorders [16], [29]. Nine core elements of holistic 
health programs are described, repeatedly [9], [22], [30]: (1) decision about the strat-
egy for health-promotion, (2) development of a healthy organizational culture, (3) 
implementation of health-screenings, (4) provision of a menu-approach, (5) recom-
mendations for employees about health-promoting interventions and activities, (6) 
offer of personal counseling and follow-up support, (7) health-events to support ac-
tivities, (8) networking with communal healthcare providers, and (9) evaluation and 
continuous improvement of the program.  

The success of health programs depends on several program determinants and is to 
some extent program specific, but it is possible to specify super-ordinate factors that 
have of crucial influence on the success of occupational health programs [11], [18]. 
First, the topic „employee health” must be positioned in the organizational culture and 
the health program must be integrated in the human resource strategy of the organiza-
tion, in order to be accepted as an obligatory norm [17]. The psychosocial work envi-
ronment is of a significant relevance for the success of the program. Employees need 
to perceive that their senior management, supervisors, and co-workers have positive 
attitudes towards “health at the workplace” since these factors have been associated 
with improved employee health status [3]. Changes in the work environment could 
serve as an observable sign for importance of health issues in the organization. 

Second, an anticipatory program planning is necessary to minimize organizational 
barriers and to maximize supporting organizational conditions. That needs a flexible 
design of the work processes in order to enable the employees to attend the program 
and to remain in it. As a basic principle it appears to be beneficial to include anti-
cipated program participants as well as management at an early stage. An early strat-
egy development is essential for a successful collaboration with the employees and an 
adequate supervision (intensity, length, frequency). The continuous contact to the 
employees, through for example regular monitoring of the follow-ups, individual 
counselling and support, are promising predictors for a successful program [8].  

Third, it could be shown that programs have to be conducted with a run-time of a 
minimum of one year to decrease employees’ health risks. Additional follow-ups and 
support offered after the end of the program showed positive effects, too. In general, 
for a program to be effective in reducing overall morbidity, it needs the sustained 
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involvement of high risk employees. An individualized counselling concerning indi-
vidual risks and risk behavior combined with risk specific intervention that focuses 
primarily on high risk employees offers the possibility of both clinical effectiveness 
and cost-effectiveness in a relatively short time period [6], [17]. 

Finally, comprehensive programs incorporating all activities, policies, and deci-
sions related to the health of employees, their families, the communities in which they 
reside, and the company’s customers are seen as beneficial for the participating and 
reaming in programs and for the behavioral change process. These strategies have 
proven to be effective if they are linked to the offering of a menu of interventions [8], 
[16], [29].  

2   Initial Situation 

Within the implementation of a holistic health management system (HMS) in a Ger-
man tax administration1 [4] the multi-component health program Healthy Back was 
realized, which focuses on back pain prevention. The aim of INOPE is the implemen-
tation of a holistic health management system in order to systematize, coordinate, 
evaluate and advance the occupational health promotion activities of the tax offices. 
Starting point of the one year Healthy Back program was the current health situation in 
the tax offices: Data of the yearly health survey showed that 40-50% of the employees 
suffer on back pain, several times a week to almost every day with an increasing trend 
over the years [19]. 

2.1   The Health Program “Healthy Back” 

The Healthy Back program started with a kick-off event for all participating and non-
participating tax offices in North Rhine-Westphalia. Subsequently, back health screen-
ings (called “Back-Check”) were conducted in all nine pilot tax offices. The Back-
Check tested for 13 risks, e.g., previous back pain episodes, depression, pain handling, 
physical fitness, work satisfaction which are linked to back pain, empirically, were 
tested [14]. Participants were allocated to a low, medium, or high risk group for future 
back pain depending on the total score of the back check. They were offered a risk 
group specific intervention menu. Participants at low risk got a menu of preventive 
interventions to choose from (e.g. Nordic walking, relaxation, preventive back pain 
training, fitness, massage, promotion of mental health). Participants at medium and high 
risk were offered three additional behavioral change programs: “posture in motion”, 
“back support for every day”, or “e-back coach” [12]. The program “back support for 
every day” is a behavioral change program with the main training elements “informa-
tion and knowledge”, “self-management”, and “trying and practicing”. These elements 
all center on participants learning relaxation/recovering (simple exercise for every day: 
balance), getting instructions for activities (muscle formation), and learning coping 
strategies (coping with back pain, health behavior). The program “posture in motion” 
aims mainly on changes at the behavioral and physical level. Core elements are the 

                                                           
1 INOPE (Health promotion and prevention through Integrated Network, Organizational, and 

Personnel development) is a project funded by BMBF (federal ministry of education and re-
search. (www.inope.de) 



98 C. Schwennen and B. Zimolong 

development of movement-experiences and perception-abilities, recognition of habitual 
behavior, testing of alternative ways to act, improvement of physical performance, and 
integration of alternative ways to react with back pain in work and everyday-life. The 
“e-back coach” is a web-based self-management tool similar to classical behavioral 
trainings. It consists of knowledge transfer, behavior modification, workaday support, 
animation for activity and exercise. Figure 1 shows the three main intervention areas of 
the Healthy Back program. 

 

Fig. 1. Intervention areas of Health Back program 

3   Evaluation of the “Healthy Back” Program 

3.1   Objective of Evaluation 

The objectives of the evaluation of the Healthy Back program was to examine the par-
ticipation rate of the employees, and the outcomes on changes in health promoting ac-
tivities, of psychological risks (vitality, well-being, catastrophizing, health perception, 
and health condition), and in back pain intensity, frequency und impairment. Further-
more, changes in sick leave caused by musculoskeletal disorders were calculated. 

3.2   Method 

A pre-post comparison was conducted. The measurement variables were arranged into 
3 categories „physical activities, “well-being”, and “back health”.  

Multivariate analysis of variance (MANOVA) with repeated measures were con-
ducted in order to examine the longitudinal changes of the interval-scaled (psycho-
logical and back health) variables [2]. Ordinal-scaled variables (activities) were tested 
of changes over time with the Wilcoxon-Test. 

3.3   Setting 

The German fiscal authority provides 645 local tax offices in all federal states in 
Germany. North Rhine-Westphalia consists of 137 local tax offices with more than 
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30.000 employees. The Healthy Back program within the project INOPE took place 
in nine pilot local tax offices in North Rhine-Westphalia with 2.136 employees. Every 
tax office employs between 155 and 367 employees in 10-15 departments. The tasks 
of the tax offices are the administration of community-taxes (e.g., income- and wage 
income-tax) as well as state-taxes (e.g., property- and road tax), and federal taxes.  

3.4   Participants 
 

1039 employees (67.1% women, 32.9% men) of the 9 pilot tax offices volunteered to 
participate at the first time of measurement (s. figure 2).  

These are 48.46% of the employees of the nine pilot tax offices. The age of the par-
ticipants ranges from 19 to 65 years (M = 44.27 years, SD = 9.82). Participants were 
primarily high school (39.6%) and middle school (30.2%) alumni. The sample of the 
second point of measurement consisted of 406 employees, 70.2% women and 29.8% 
men between 19 and 62 years (M = 43.08, SD = 9.53). Concerning gender (χ2 (1, 
1039) = 1.70, p = .19) and educational degree (χ2 (1, 1039) = 7.76, p = .35) the partici-
pants of both measurement times did not differ (s. table 1). However, concerning age 
they did: The participants of the post sample were younger (t (1037) = -3.12, p < .01). 

 

Fig. 2. Flowchart of clusters and participants through the surveys 

3.5   Measures  

In order to measure participation rate in health-promoting activities we used two 
items at point 2 that differentiated between tax office intern versus private activities 
(e.g. “In which health promoting activities did you participate?”). Response categories 
were: 1 = do not participate, 2 = participated already before implementation of HMS, 
3 = participate since implementation of HMS, 4 = participate due to Healthy Back 
program. Physical activity was measured with one item „How often do you work 
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Table 1. Socio-demographic data of the participants of both investigations 

 
 
out?” (Lühmann, Müller, & Raspe, 2004). Response categories were: 1 = no physical 
activities, 2 = less than one hour per week, 3 = 1-2 hours a week, regularly, 4 = 2-4 
hours a week, regularly, 5 = more than 4 hours a week, regularly.  

Vitality was assessed with four items of a subscale of the SF 36 (e.g. „How often 
have you been full of energy during the last 4 weeks?“; [25], [1]. Response categories 
for these items were: 1 = never, 2 = rarely, 3 = sometime, 4 = frequently, 5 = mostly, 
6 = always. Estimated Cronbach’s alpha at time 1 was .85 and .88 at time 2, respec-
tively. Well-Being was measured with five items of a SF 36 subscale. Estimated 
Cronbach’s alpha at Time 1 was .84 and .87 at Time 2, respectively. Health-
Perception was surveyed with a subscale of the SF 36, too. The scale comprises four 
items (e.g. „I seem to get ill more easily than others.“ Estimated Cronbach’s alpha at 
time 1 was .59 and .57 at time 2, respectively. In order to assess catastrophizing we 
used a nine item subscale from the FSS (e.g. „When I suffer pain, I‘m thinking that I 
cannot stand it any longer”; [5]. The 6-point scale was at its end verbally fixed (1 = 
almost never, 6 = almost always). The estimated Cronbach’s alpha for this scale was 
.91 for time 1 and .93 for time 2. General state of health was measured by the item 
“How would you describe your health in general?“ [14]. Response categories for all 
items were: 1 = bad, 2 = suboptimal, 3 = good, 4 = very well, 5 = excellent. 

Back pain frequency, -intensity and impairment through back pain (BP) were 
measured with one item for each construct following von Korff, Ormel, Keefe, and 
Dworkin [24]. An example-item is: „How intense was your average BP in the last 4 
weeks?“ Response categories for these items were: 1 = never, 2 = every few month, 3 
= every few weeks, 4 = every few days, 5 = almost daily (BP frequency), 1 = no pain, 
2 = light pain, 3 = moderate pain, 4 = severe pain, 5 = very severe pain (BP intensity), 
1 = no impairment, 2 = light impairment, 3 = moderate impairment, 4 = severe im-
pairment, 5 = very severe impairment (impairment trough BP). Sick leave was meas-
ured with the single item “On how many days were you on sick leave due to back 
pain in the last 12 months?”. 

4   Results 

50.74% of all employees attended the Back-Check. About one half of the participants 
were allocated into the medium or high risk group. They have an increased risk of 



 Defeating Back Pain at the Workplace: Results of the "Healthy Back" Program 101 

suffering from back pain in the future (51.45%). This group were offered the risk-
group-specific behavior programs. 125 (27.90%) employees of these target-groups 
participated on these trainings. Regarding the participation rate in health-promoting 
activities in the tax offices, 42% attended overall. 6% of the respondents had already 
been active before the implementation of the health management system. 18% have 
been active since the HMS was implemented, another 18% got active due to the 
Healthy Back program.  

Concerning the physical activity, a significant increase in time spent for work out 
was found (Z = -.14.85, p < .01). The amount of time for regularly (2-4 hours a week 
and more than 4 hors a week) activities increased about 11%. 

Comparing participants with non-participants (s. table 2), two MANOVAs show 
different trends in the two groups over 6 months period. Whereas non-participants did 
not change in catastrophising (F (1, 250) = .45, p = .50) and health perception (F (1, 
250) = .54, p = .46), a significant decrease in vitality (F (1, 250) = 26.64, p < .01, η2 = 
.10), well-being (F (1, 250) = 11.13, p < .01, η2 = .04) and general state of health (F 
(1, 250) = 8.27, p < .01, η2 = .03) was found. Participants of the interventions did not 
show these impairments. Vitality (F (1, 148) = 3.57, p = .06), well-being (F (1, 148) = 
.98, p = .33), health perception (F (1, 148) = 1.17, p = .28) and the general state of 
health (F (1, 148) = 1.94, p = .17) did not change over time. Moreover, a decrease in 
catastrophising was found (F (1, 148) = 5.85, p < .01, η2 = .04). 

Concerning the back health variables significant changes over time were found. 
Back pain frequency decreased, significantly (pre: M = 3.19, SD = 1.19; post: M = 
3.07, SD = 1.15; F (1, 1190) = 6.49, p < .05, η2 = .003) as well as back pain intensity 
(pre: M = 2.37, SD = 1.03; post: M = 2.24, SD = .98; F (1, 964) = 6.15, p < .01, η2 = 
.003) and the impairment trough back pain (pre: M = 2.13, SD = 1.07; post: M = 1.95, 
SD = .97; F (1, 964) = 11.34, p < .01, η2 = .005). 

Furthermore, the decrease in back pain frequency led to an estimated reduction of 
sick days caused by musculoskeletal disorders about 540 days per year (12.32%). 

Table 2. Pre-/post-treatment mean and within-group change on psychological variables 

Pre-treatment, 
mean (SD)

Post-treatment, 
mean (SD)

Change, 
mean

Pre-treatment, 
mean (SD)

Post-treatment, 
mean (SD)

Change, 
mean

vitality (1-6) 3.82 (.68) 3.72 (.91)  - .11 3.89 (.77) 3.66 (.90)  - .23

well-being (1-6) 4.41 (.84) 4.36 (.86)  - .05 4.54 (.71) 4.41 (.86)  - .13

catastrophizing 
(1-6)

.80 (.83) .66 (.85)  - .14 .62 (.74) .59 (.83)  - .03

health-perception 
(1-5)

3.64 (.76) 3.71 (.71)  + .07 3.82 (.70) 3.79 (.78)  - .03

general state of 
health (1-5)

3.03 (.62) 2.97 (.71)  - .07 3.20 (.68) 3.08 (.78)  - .12

participant (treatment, n = 149) non - participant (control, n = 251)Variable (range)

 

5   Discussion 

The health program Healthy Back was developed, implemented and evaluated on the 
basis of the current health-situation in the financial administration. The results of the 
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evaluation point to a positive development: Participation-rates are auspiciously high, 
compared to the reported rates of 20-30% of attained employees in worksite health-
programs by Dishman et al. (1998). The physical activities of the employees increased 
within Healthy Back over time. Moderate changes in the psychological variables of 
well-being can be observed, especially in the variable “catastrophising”, which is an 
important risk factor for future back pain, a decreasing trend over time can be stated. 
The success of the health-program is substantiated by an increase of back health and a 
decrease of absenteeism due to musculoskeletal problems. 

Regarding the enduring effect, it has to be analysed if the structures and networks 
with local health providers that were established through the HMS can ensure the 
intended sustainable success of the health-program. 

A general problem health programs have to face is the participation bias. The char-
acteristics of program participants are generally different from non-participants. [15] 
stated that about 90% of program participants had self-reported low back diseases, 
whereas the information of this important predictor for future back pain is missing for 
non-participants in many studies which may lead in sum to a underestimation of the 
effect sizes [23]. Post-data of the present study support this suggestion. Participants of 
the initial health screening reported a lower general health status than non-participants 
(t (1049) = -2.68, p < .01). In addition, pre-data reveals that participants of the health 
program show a lower general health status, too (t (335) = 2.42, p < .05).  

Notably, participants and non-participants did not differ in physical activities  
(Z = .66, p = .51) at the first time of measurement. This is a promising result because 
usually, preventive and exercise interventions and appeal only to healthy workers or 
those who have healthy habits [13]. This may be an effect of the HMS. 
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Abstract. The ‘balance model’ of job design was introduced in 1989 [1] and 
expanded to the enterprise level later [2 - 7]. The main idea of this model is that 
various components of the workplace interact to increase and decrease work-
place safety and health risk, and that careful ‘balancing’ of the components can 
produce reduced risk and improved employee safety and health. In this paper 
we discuss how the ‘balance model’ can be used to promote occupational safety 
and health. 
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1   The Balance Model 

Smith and Carayon [1-4], Smith, Karsh, Carayon and Conway [6], Carayon and Smith 
[5] and Carayon [7, 8] conceptualized the work system as comprised of five interact-
ing components: employees, tasks, technology, work environment, and the organiza-
tion (corporate processes). The proposition was that each of the components produced 
risks for employee safety and health; for example the work environment had hazards 
and the employees engaged in unsafe acts. These risks could be controlled by working 
with each component to make improvements. In addition there were safety and health 
risks that occurred because of the interactions among the various components; for 
example the organizational component’s failure to notify employees about the risks of 
new materials, or the employees’ failures to notify the organization about transient 
and temporary hazards. Smith, Carayon and Karsh [9], Smith, Karsh, Carayon and 
Conway [6] and Smith and Carayon [4] have discussed various hazards of each com-
ponent of the work system and some hazards due the interactions among system com-
ponents. In essence there is a need to be aware of and deal with the hazards that occur 
within a component and from the interactions among the components. 

2   Organizational Considerations 

Cohen [10], Smith, Cohen, Cohen and Cleveland [11], Cleveland, Cohen, Smith and 
Cohen [12] and Cohen and Cleveland [13] found that successful occupational safety 
program performance occurred in those companies that had a commitment to reducing 
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workplace risks, good communication between the workforce and management, good 
human relations, structured activities for assessing and controlling hazards, and ade-
quate resources for controlling hazards. The “safety culture” of the company has been 
identified as a critical element in the frequency rate for occupational injuries of a 
company [14, 15]. 

This illustrates the essential role that corporate commitment and involvement has in 
effective occupational safety and health programs. Conversely, without a strong corpo-
rate commitment and involvement it would be unlikely that a company would have a 
good safety record. Corporate (management) commitment and involvement is a foun-
dation upon which effective occupational safety and health promotion is built. 

The first element of a corporate commitment is a policy statement in support of oc-
cupational safety and health promotion that comes from the top of the company. This 
statement spells out the roles of each component of the company, the rewards and pun-
ishments for performance, and the resources available for achieving good occupational 
safety and health performance. It provides the “philosophy” of safety and health that 
promotes active participation by all employees from the top position to the shop floor 
employees and everyone between. Cleveland, Cohen, Smith and Cohen [12] found that 
the safest companies had greater participation by all employees and better human re-
source relations among managers, supervisors, shop floor employees and unions. Top 
management plays an important role in providing direction (vision) and resources for 
setting up the systems and processes related to safety and health promotion. 

The importance of a strong culture with a corporate commitment to safety and 
health is in danger of reduced attention to safety and health when the economy be-
comes weak and a company’s profits decline. Reduced attention to safety and health 
and cut backs in safety and health resources at such times undermine the corporate 
culture and are likely to increase the risk for greater hazards and subsequent injuries 
and illnesses among employees. A strong occupational safety and health corporate cul-
ture will reduce the likelihood that cut backs in occupational safety and health re-
sources will occur.  

Zimolong and Elke [16] concluded from a review of safety management research 
and theory that there are three consistent factors that emerge for ideal safety manage-
ment considerations. These are (1) genuine and consistent management commitment to 
safety, (2) communication about safety issues between management, supervisors and 
the workforce, and (3) involvement of employees in safety matters. 

The second element in corporate commitment is a process to motivate managers 
and supervisors to become actively involved in occupational safety and health promo-
tion and activities. Many companies have a safety and health review as part of a man-
ager’s annual performance rating and for determining pay increases. Some companies 
have a policy that managers can be discharged for poor work unit safety performance, 
or if a serious accident occurs. Other companies provide rewards and prizes for work 
units and managers that have exemplary safety performance. The important point is 
that corporate policies and actions have to get the attention of company managers and 
supervisors that occupational safety and health are very important, and that good per-
formance will be rewarded while poor performance will be punished.  

The current era (2000-2008) has seen very risky behavior by managers worldwide in 
stock market funds, mortgage and finance banking, and in insurance investments that 
have led to a major collapse of many investment funds, banks and insurance companies. 
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Yet in the wake of this disaster it is astounding that many of the managers that made 
very risky and poor decisions received huge bonuses even though the results were poor. 
Such a reward structure encourages managers to take risks that can lead to unfavorable 
outcomes. This type of risk management reward process is not what we want to have as 
a motivational tool for managers in the arena of occupational safety and health. We 
want managers to be rewarded for reducing the risk of accidents, injuries and illnesses, 
and for the support they provide to employees to be involved in occupational safety and 
health efforts. 

The third element of corporate commitment and responsibility is the promotion of 
good communications among all levels of the organization to ensure a knowledgeable 
workforce. The flow of information must be bi-directional, that is upward as well as 
downward. One approach for dealing with safety communications is to establish com-
munication networks. These are formal structures to ensure that information gets to the 
people who need to know the message(s) in a timely way. These networks are designed 
to control the amount of information flow to guard against information overload, mis-
information, or a lack of needed information. Such networks have to be tailored to the 
specific needs of an organization. They are vital for hazard awareness and general 
health and safety information. For instance, in a multi-shift plant, information on a 
critical hazardous condition can be passed from shift to shift so that workers can be 
alerted to the hazard. Without a communication network, this vital information may 
not get to all affected workers and an avoidable exposure or accident could occur. This 
is especially important in work settings where changes can occur very rapidly and, 
therefore, working conditions may produce new hazards that every worker should be 
aware of as soon as possible. 

The fourth element of corporate commitment is providing the resources necessary to 
support occupational safety and health efforts. This could include expertise in safety 
and health participating in facility design, the purchasing of equipment, materials and 
supplies, training for managers, supervisors and employees, and in carrying out safety 
and health program activities. At the center of corporate commitment is a structured 
program of hazard detection, evaluation, analysis and control. This is a visible demon-
stration to managers, supervisors and employees that safety and health are important 
and need to be taken seriously. In addition, it is important to recognize that occupa-
tional safety and health issues need to be considered whenever changes in technologies 
and production methods are implemented. 

A critical element of corporate commitment is the use of metrics to evaluate the 
successes and failures of safety and health efforts. Various measurements have been 
used such as property damage costs, injury costs, insurance premiums, injury fre-
quency rates, employee lost days from work, and production costs of downtime due to 
accidents and illnesses. The purpose of the metrics is to provide assessment of progress 
and to pinpoint areas in need of attention. Such metrics are best used at an aggregate 
level that provides a sufficient number of exposed employees that will allow for rea-
sonable trend analysis. These metrics are seldom useful for detecting trends at the indi-
vidual department or supervisor level. 

Metrics at the department or supervisor level could include the extent of employee 
training achieved, the number of serious hazards identified and resolved, the number 
of employee safety contacts, and/or the number of safety meetings in a given period 
of time.  
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It has been suggested that the development of Total Quality Management ap-
proaches may produce some positive results with regard to occupational safety and 
health [17]. Power and Fallon [18] have proposed TQM as a framework for integra-
tion of health and safety activities with other functions. They argue that the practice of 
safety management should include the following TQM principles: management com-
mitment to occupational safety and health objectives, plans and policies; development 
of a health and safety culture; employee involvement in safety activities, such as risk 
assessment and training of new employees; measurement and monitoring of health 
and safety performance; and continuous improvement.  

K.U. Smith [19] and T.J. Smith [20] have proposed a model for integrating ergo-
nomics, safety and quality based on behavioral cybernetics theory. From a behavioral 
cybernetics perspective, participatory ergonomics and safety and quality management 
are effective because they enable workers to control sensory feedback from job-
related decisions or working conditions that affect them, and in turn to generate sen-
sory feedback for the control and benefit of other workers. Worker involvement in 
decision-making, worker control over the production process, and job enrichment 
enhance the overall level of worker self-control. Use of workers as resource special-
ists and emphasis on skill development can benefit the integration of ergonomics, 
safety management, and quality management of the organization. This should lead to 
quicker discovery and identification of hazards, as well as improved mechanisms for 
communicating hazard-related information that can be used to improve work systems 
and processes. 

3   The Human Factor 

At the center of the work system is the employee who carries out job tasks under the 
direction of the organization (policies, managers, resources, rewards). There are many 
theories and concepts that address how employee behavior creates risks for accidents 
and injuries. Some focus on the characteristics of an employee or the workforce and 
how these characteristics can lead to risky employee behavior. Others focus on the 
misfits between the employee and the workplace that lead to employee errors (See 
Smith and Carayon, 2003 for a discussion of some of these theories). KU Smith [19] 
proposed that the employee was a critical point of control of hazards, and that this 
role was much more important in promoting occupational safety and health than the 
concerns about unsafe acts of employees. He proposed a series of ‘behavioral safety 
codes’ that can lead to improved employee behavior and enhanced safety and health. 

The employee is the point of interaction with the hazards (physical, chemical, radia-
tion, biological, behavioral) that produce injuries. S/he is the point where energy or 
toxins are released that can damage property or persons. How the employee interacts 
with the technology, materials and environment in carrying out tasks affects the risk 
potential of work activities. Smith and Carayon [3] showed how the nature of this in-
teraction could lead to errors that produce accidents, and that the design of tasks, tech-
nology, management and environmental factors often play a significant role in causing 
employee errors and unsafe behaviors. 

Companies can take actions to enhance occupational safety and health promotion 
among employees. The first action is to provide opportunities for employees to be  
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active in managing the risks of their own work tasks. Employees can be empowered to 
identify hazards and report them to supervisors. Many hazards are “transient” in that 
they come and go depending on the circumstances of the tasks, technology and envi-
ronment. Encouraging employees to immediately report significant hazards to supervi-
sors can lead to quick resolution of the risk. This supposes that supervisors and  
employees have an open communication channel, good relations and respect for each 
other. The greater the employee participation and open communication afforded by the 
company culture, then the greater the probability that employee hazard awareness and 
hazard reporting will occur; this will then lead to actual changes in work systems and 
processes that can either eliminate hazards or reduce their potential impact. This proc-
ess is similar to a participatory ergonomics process in which employees are involved in 
the redesign of some element of their work systems [21]. 

A second action is to provide ongoing training for employees in hazard awareness 
and recognition. Cohen and Colligan [22] found that safety and health training was 
effective in reducing employee risk. Hazard knowledge is a strong tool that leads to 
early detection and resolution of risks. Training also keeps employees aware of the 
need to be alert to hazards, and to behave in ways that reduce rather than increase 
risk. Several safety and health standards require periodic employee training to keep 
their knowledge and skills in hazard recognition and avoidance current and at the 
front of their awareness. Beyond these requirements companies can provide additional 
training to further reinforce the need for employees to be alert, aware and knowledge-
able on how to respond to hazards. 

Many theories of accident causation have defined employee unsafe acts or behav-
iors as the major factor in the cause of accidents. Other theories define human error or 
employee unintentional or intentional behavior as a primary cause of accidents. Still 
other theories have proposed that system design flaws and improper management lead 
to human error that causes accidents. At the heart of all of these theories is the belief 
that improper employee behavior, whatever its cause, is central to accident causation. 
If this belief is conceded, then it makes sense to take actions that promote proper em-
ployee behavior when confronted with risks or hazards. The probability of proper 
behavior is increased under the following conditions: (1) employees recognize the risk 
and know what to do when confronted with the risk, (2) employees have the knowl-
edge, skills and capacity to act properly when confronted with risks, (3) employees 
are motivated to respond properly to the risks, and (4) action is taken by management 
(or employees) to control the risks. 

A large number of the hazards in the workplace are produced by the interaction be-
tween employees and their tools and environment. Some of these hazards cannot be 
completely controlled through hazard inspection and engineering controls. An ancil-
lary way they can be controlled is by increasing employee recognition of the hazards 
and by proper and safe employee behavior when confronted with the hazards. Such 
behavior may be the use of safe work procedures to ensure that hazards will not oc-
cur, taking an evasive action to avoid a hazard when the hazard does occur, or inform-
ing supervision of the hazards so that appropriate action can be taken. There are very 
few hazard control efforts that are not in some way dependent on the proper behavior 
of employees. But, increasing employees’ awareness of hazards is meaningless if em-
ployees do not behave in a proper and safe way by using their hazard awareness and 
knowledge.  
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Conard [23] defined work practices as employee behaviors that can be simple or 
complex, which are related to reducing a hazardous situation in occupational activi-
ties. There are a series of steps that can be used in developing and implementing work 
practices for eliminating occupational hazards: (a) the definition of hazardous work 
practices; (b) the definition of new work practices to reduce the hazards; (c) training 
employees in the desired work practices; (d) testing the new work practices in the job 
setting; (e) installing the new work practices using motivators; (f) monitoring the ef-
fectiveness of the new work practices; (g) redefining the new work practices as 
needed; and (h) maintaining proper employee habits regarding work practices. Hop-
kins, Conard and Smith [24] demonstrated the efficacy of this approach for decreasing 
risky workplace behavior and increasing proper work practices that reduced employee 
exposures to hazardous chemicals.  

To reiterate, proper employee behavior has as its foundation a corporate culture 
that promotes and rewards the proper behavior, well trained and knowledgeable em-
ployees, supervision and management that responds to employee identification of 
risks, and work systems and processes that promote safe behaviors. In essence the 
best way to get proper employee behavior is to make it part of the corporate safety 
and health culture.  

4   Task Factors 

Work task design is a significant consideration for controlling safety hazards, and 
management is responsible to ensure proper task design [1-4]. The demands of a work 
activity and the way in which work is conducted can influence the probability of an 
exposure to a hazard or an accident. In addition, the influence of the work activity on 
employee attention, satisfaction, and motivation can affect behavior patterns that in-
crease exposure and accident risk. Task design has to be based on considerations that 
will enhance worker attention and motivation. Work task considerations can be broken 
into the physical requirements, mental requirements, and psychological considerations. 
The physical requirements influence the amount of energy expenditure necessary to 
carry out a task. Excessive physical requirements can lead to fatigue, both physiologi-
cal and mental, which can reduce worker capabilities to recognize and respond to 
workplace hazards. Mental overload and underload can take employee attention away 
from risks while doing tasks. The use of work design principles to meet the physical, 
mental and psychological needs of employees will lead to better employee hazard 
awareness and safer behavior. 

Other task considerations include the pace or rate of work, the amount of repetition 
in task activities, and work pressure due to production demands [1]. Task activities, 
that are highly repetitive and paced by machinery rather than employee paced, tend to 
be stressful. Such conditions diminish an employee's attention to hazards and his/her 
capability to recognize and respond to a hazard. Tasks with relatively low workload 
and energy expenditure can be very hazardous due to boredom that leads to employee 
inattention to hazards [1]. 

Psychological task content considerations, such as satisfaction with job tasks, the 
amount of control over the work process, participation in decision making, the ability 
to use knowledge and skills, the amount of esteem associated with the job and the 
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ability to identify with the end products of the task activity can influence employee 
attention and motivation [1-2]. They also can cause job stress [1]. Job stress can affect 
employee ability to attend to, recognize, and respond to hazards, as well as the moti-
vation needed to be concerned with personal health and safety considerations. Nega-
tive influences can bring about emotional disturbances that limit the employee's capa-
bilities and motivation to respond.  

Scientific work design principles can be applied for developing tasks that have 
proper content to eliminate overload and underload, and will enhance the employee's 
physical and mental state [1-3]. Work tasks should be under the control of the em-
ployee and repetition should be avoided if possible [3]. This latter requirement is 
sometimes hard to achieve. When work tasks have to be repetitious then providing the 
worker with some control over the pacing of the task reduces stress associated with 
such repetition. Employee concentration and attention can be enhanced by providing 
frequent breaks from the repetitious activity to do alternate tasks or take a rest [3, 6, 9].  

Training employees about proper work procedures provides direction that will help 
employees avoid hazards or to more effectively deal with hazards. The basis of good 
instruction and training is the job analysis which provides detailed information on the 
job tasks, environment, tools, and materials used. The job analysis will identify high 
risk situations. Based on verification of the information in the job analysis, a set of 
instructions on how to avoid hazardous situations can be developed. The implementa-
tion of such instructions as employee behavior will be covered in the next section 
under training and safe behavior improvement. 

5   Technology and Materials Factors 

The relationship between the controls of a machine and the subsequent action of that 
machine dictates the level of skill necessary to perform a task. The action of the con-
trols and the subsequent reaction of the machinery must be compatible with basic hu-
man perceptual/motor patterns [6, 9, 19]. If there is incompatibility, then significant 
interference with performance can occur which may lead to improper responses that 
can cause errors and accidents [3]. The adequacy of feedback about the reaction of the 
machine to the control action affects the performance efficiency that can be achieved, 
and the potential for an operational error. Equipment must conform to principles of 
proper engineering and human factors design so that the controls that activate the ma-
chine, the displays that provide feedback of machine action, and the safeguards to 
protect workers from the action of the machine are compliant with worker skills and 
expectations. The action of the machine must be compliant with the action of the con-
trols in temporal, spatial and force characteristics. 

The hazard characteristics of materials will affect exposure and risk [4, 6, 9]. More 
hazardous materials inherently have a greater probability of adverse safety and health 
outcomes. Sometimes employees will be more careful when using materials that they 
know have a high hazard potential. But this can only be true when employees are 
knowledgeable of the materials’ hazard level and they know how to respond to the 
risks posed.  

Ensuring that machines are designed properly and that employees are aware of the 
risks of the materials they work with is the responsibility of management. These issues 
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are part of a comprehensive and effective safety and health program; see discussion 
above on organizational considerations. 

6   The Work Environment  

The work environment can expose employees to materials, chemicals, radiation, bio-
logical agents and physical agents that can cause harm or injury if the exposure ex-
ceeds safe limits [4, 6, 9]. Such exposures vary widely from industry to industry, from 
job to job, and from task to task. Hazard exposures in the work environment influence 
the probability for an accident, injury or illness, and the extent of exposure often de-
termines the seriousness of an injury. The hazard potential of different environmental 
factors can be evaluated using various federal, state and local codes and standards for 
worker protection, and limits established by scientific and professional groups. A 
comprehensive safety and health program can be very effective in defining and con-
trolling workplace hazard exposures. Providing a proper work environment that is 
free of hazards, has adequate sensory requirements, and permits smooth work flow is 
the responsibility of management. Ensuring that the work environment remains clean 
and uncluttered is an important issue for good safety performance [10, 11].  

A formalized approach to hazard control often includes an inspection system to de-
fine workplace hazards, accident investigations, record keeping, a preventive mainte-
nance program, a machine guarding program, review of new purchases to ensure 
compliance with safety guidelines, materials safety data sheets, and good housekeep-
ing requirements [4, 6, 9]. The effectiveness of specific aspects of such a formalized 
hazard control approach has been debated [10, 11], but it is clear that structured pro-
grams are a good idea [4, 6, 9, 11]. Cohen [10] indicated that more frequent informal 
inspections may be more effective than more formalized approaches. This may be 
because the informal programs often involve workers in defining the hazards. How-
ever, the significance of formalized hazard control programs is that they establish the 
groundwork for other programs such as work practice improvement and training. In 
essence, they are the foundation for other safety approaches.  

7   Conclusions 

The Balance Theory was created as an attempt to develop a more realistic approach to 
the design of the work system. It provides an integrated, holistic approach to identify-
ing elements of the work system, as well as a set of principles for the design or redes-
ign of work systems. Consistent with an integrated approach that bridges various  
areas (job/organizational design, job stress, and human factors and ergonomics), the 
outcomes of interest of the ‘Balance Theory’ are diverse and include job satisfaction 
and stress, and worker health, safety and well-being [7]. The broader work system 
model encompasses psychosocial, cognitive and physical aspects of work that can 
create psychosocial, cognitive and/or physical demands and loads on the individual. 
For instance, the tasks performed by the individual have psychosocial dimensions 
such as control over work pace, cognitive dimensions such as information overload, 
and physical dimensions such as repetitiveness. These psychosocial, cognitive and 
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physical loads created by the work system interact with each other and have various 
impacts on the individual’s ability to respond appropriately to risk.  

The core principles of work system design of the ‘Balance Theory’ are: 

1. to eliminate negative aspects of each work system model. This requires knowledge 
in the areas of job/organizational design, job stress, and human factors and ergo-
nomics. 

2. to balance the work system. Because it may not be possible or practical to elimi-
nate all negative aspects of the work system, the entire work system needs to be 
balanced so that the overall impact on the individual is high performance, low job 
stress, good health, and high safety and well-being. The balance can be achieved 
by identifying aspects of the work system that can be used to compensate for the 
negative aspects. Another method for achieving the balance is overall system bal-
ance where there are sufficient significant positive aspects that balance out for the 
negative aspects of work [7, 8].  

Carayon and Smith [5] and Carayon [8] have described an expansion of the ‘bal-
anced work system’ and proposed the ‘balanced organization’. The organization is 
conceptualized as being a collection of work systems that are interconnected; the ele-
ments of the organization include: people, strategy, structure, rewards and processes. 
The work system model can also be expanded to describe phenomena at the team 
level: a team is comprised of individuals who perform tasks using tools and technolo-
gies; the work of the team occurs in a physical environment and is influenced by vari-
ous organizational factors. This expanded model provides an improved concept for 
promoting safety, health and wellbeing at the workplace.  
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Abstract. In this study 10 subjects worked two weeks in their rather new nor-
mal work station and two weeks in another work station. These VDU workers 
were trained and received a table making standing work possible. They also re-
ceived a chair making half sitting possible. The effects on experienced variation 
in posture and discomfort were studied. It appeared that most of the time people 
work in the normal sitting situation (69% in the new and 90% in the old work 
station). Sometimes the half sitting and standing posture was used in the new 
situation. This new situation had a significant lower discomfort in the back, 
neck and shoulder region compared with the old situation. 

Keywords: variation in posture, VDU work, sitting, discomfort, standing work. 

1   Introduction 

In a large part of Scandinavia sit-stand tables are used, which could give more varia-
tion in postures [1]. Also, in the Netherlands sit-stand tables are introduced [2]. One 
of the assumed advantages of these tables is that they contribute to a better health and 
more comfort. Other effects, like the positive effects on communication have been 
shown before [3]. It is easier to walk to colleagues when you are starting from a 
standing position and another advantage is that standing makes it easier for two per-
sons to look at the same VDU screen. Some health effects of sit-standing tables have 
also been studied before. Aaras et.al. [4] showed for instance with EMG recordings 
that performing VDU work standing reduced the activity of the m. trapezius signifi-
cantly compared with sitting VDU work. Vellinga [2] showed that in 84% of the sub-
jects the well being was improved.  

However, there is still skepticism on the sit-stand table in the field. The question is 
whether it will be used or whether it has any effect, especially as the impression is 
that people do not use the standing position often. This is also affirmed by the study 
of Vellinga [2] who showed that half of the user group only stood 15 minutes a day 
and 10% never did use the standing option. 

A new possibility is recently introduced by a new seat where a half standing posi-
tion is possible. It is in between sitting and standing (see fig. 1). However, there is also 
skepticism among experts and end-users, whether this middle posture will be used.  
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The opinion that variation in posture is important is not so much under debate [5]. 
It’s important not to look only at the ideal posture, but also at the ideal variation in 
posture. Knowledge is coming available about ideal “work-rest” schemes for keeping 
the musculoskeletal system in optimal condition. To keep the human body fit, a seat 
should in fact warn us, when we are sitting too long in one position [5]. The fact that 
variation is preferable is supported by the epidemiological review of Nordin [6], where 
she found that sitting in a “restricted posture” is a risk for back complaints. It is also 
affirmed by scientific experiments. For instance, Dieen et al. [7] found that the length 
of the human body increased significantly more after sitting in a chair that made people 
move compared with people sitting in a fixed chair. These movements were imposed 
by dynamics in chairs making movement of the seat and backrest and seat possible. 

The literature also clearly shows that training is an important element if we want 
the office furniture to be used in the correct way [8]. Therefore, in this study the sub-
jects will be trained in how to use the furniture as well. 

Nevertheless, the skepticism on the sit-stand seat in combination with a half sitting 
position is there. Some evidence on the effects could be helpful to reduce the skepti-
cism. Therefore, this study was done. The question asked by skeptic persons is whether 
people use the standing and half sitting position of this furniture. It’s also the question 
whether office workers in the Netherlands like it and whether effects on discomfort can 
be shown. Therefore a pilot study was done with three research questions:  
 

1. Do end-users really use the half standing and standing position? 
2. Do these differences have effects on discomfort? 
3. What is the general opinion on these extra possibilities of furniture?  
 

   

Fig. 1. The three positions possible in using the new furniture: normal sitting (left), standing 
(middle) and half sitting (right). To prevent gliding off the seat in half sitting the middle of the 
seat is lifted upwards as is shown in the middle picture.  

2   Methods 

Ten subjects (6 male, 4 female doing VDU work for more than 6 hours per day, mean 
age 38,1 year (20-60 years), mean length 1.77 m (1.65-2.00 m) with no diseases were 
asked to participate in the field-test. Five subjects first received an instruction, a new 
height adjustable table and the special chair. After a week getting used to this new 
workstation, recordings were made during a week (incl. Local Postural Discomfort). 
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During these 5 successive working days subjects had to complete 4 times each day a 
short questionnaire and a long one at the end of the week. The other five subjects 
served as a control and followed the same research protocol, but worked at their old 
workstation. The third and the fourth week these control subjects were “treated” and 
the others served as controls. The table height was “programmed” at three positions 
(normal sitting, half sitting and standing) and adjusted to the size of the subjects and 
in the instruction the corresponding seat heights were shown. By pressing one button 
the desk adjusted it self to preferred height.  

 

 

Fig. 2. A method often used in discomfort research: local postural discomfort (LPD). Subjects 
are asked to score discomfort (from 0-10) in the body map (left). This LPD map of the body 
shows the separate regions where a discomfort score can be given on a 0–10 scale. 

In this project we also used the Local postural discomfort questionnaire (=LPD) 
developed by Grinten and Smitt [9] (see fig. 2). Recently, a three year follow up lon-
gitudinal study showed that a LPD score of 2 or more in the neck region is a predictor 
for neck pain [10]. A peak score of 2 or more increases the relative risk with 2.56 
(n=1001, p<.05). In the back region the relative risk increases with 1.79 [10]. In our 
study we first teach the subjects the scale by giving them one kg in their hand with 
their arm elevated 90o and give a score from 0-10 every 10 seconds for the shoulder 
region. Then we asked subjects to put this score in a body map (see fig. 2). During the 
experiment we asked the subjects to give this score four times a day in the region 
where they felt discomfort: before the working day (we subtract these values from the 
other scores), at coffee break, lunch break and at the end of the day. The scores are 
normalized per person by dividing it through the highest score of that subject. A two 
sided t-test for paired comparison (p<0.05) was done for the score at the end of the 
day of all situations of one subject in the control and treated situation for each region 
and for clusters. Also, the average pattern of LPD during the day was recorded in both 
control and treated situation.  
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In the other daily questions subjects were asked several questions regarding their 
experience and health and to estimate their movement on a 9-point scale (which was 
also t-tested).  

3   Results 

The results show that all subjects adjust their table once in a while. Six subjects use 
the half standing position each day and three the standing position each day. Subjects 
were asked to estimate their movement on a 9-point scale each day. In the new situa-
tion the score was 5.9 and in the old 2.5 averaged over all days and all subjects, which 
was significant (p=.000, t-test for paired comparison).  

Table 1. Local Postural Discomfort at the end of the day in the new and old situation 
*=significant 

end of the day LPD score old situation new situation p-value 
total LPD 0.58 (sd 1.29) 0.26 (sd  0.77) 0.000 * 
cluster upper back 0.40 (sd  0.97) 0.05 (sd  0.30) 0.002 * 
cluster arms/hands 0.17 (sd  0.69) 0.18 (sd  0.76) 0.828 
cluster neck-shoulders 1.23 (sd 1.79) 0.44 (sd  0.96 0.000 * 
cluster low back 1.06 (sd 1.59) 0.49 (sd  0.96) 0.004 * 
cluster hip/leg 0.27 (sd  0.77) 0.16 (sd  0.57) 0.106 
cluster ankle/feet 0.06 (sd  0.38) 0.21 (sd  0.61) 0.109 

Table 2. Self reported postures in percentage of the day averaged over all 10 subjects and 5 
days. The cell under half sitting in the control situation is empty as this was not possible. 

 sitting half sitting standing walking 
control 90%  0% 10% 
treated 69% 13% 8% 10% 
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Fig. 3. Discomfort of the total body of all subjects over the day 
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The discomfort was significantly reduced in the back, neck and shoulder region 
(see table 1). During the day the discomfort increases, this is both in the old and new 
situation. The largest effect is shown in the beginning (see fig. 3). If we ask subjects 
to the percentage of time the subjects were in various postures and we take the mean 
(see table 2), the time experienced in the sitting posture reduces. If we ask the subjects 
to their preference after having felt the two conditions for two weeks all subjects 
preferred their new workstation. 

4   Discussion 

Regarding the first research question: “do end-users really use the half standing and 
standing position?”, the results indicate that the variation in postures increases (see 
table 2). Of course it is only the self reported variation in posture and not objectively 
measured and the quality of these results could be discussed. 13% half sitting is ap-
proximately one hour a day and 8% standing is only 2/3 of an hour per day. These 
values correspond with data of Vellinga (2001) in the sense that users only work 
standing for a small part of the day. Nevertheless, in our study this variation has a 
significant effect on discomfort reduction.     

The second research question “does adding the standing and half sitting position 
have an effect on discomfort?” can be answered positively. The discomfort changes in 
the areas where these effects are to be expected: back and neck/shoulders. This reduc-
tion is also of importance because it reduces the chance of musculoskeletal com-
plaints on the long run [10]. 

The third research question is also answered positively as all subjects prefer the 
new furniture, while they were already sitting on rather good furniture.  

Of course an important disadvantage of this study is the fact that the effects could 
only be studied of the combination of interventions: a new seat making also half sit-
ting possible, a new table making half sitting and standing possible and the training. 
Also, Robertson et al. [8] showed that this combination has many effects. The disad-
vantage is that it is now difficult to distinguish the contribution of the different ele-
ments to the effect. Also, this study is only using the opinion of the end user and no 
other measurements were done supporting the findings. Also, only short term effects 
are studied. In fact a long-term effect study with more precise movement recordings is 
needed to show the effects in a better way. 

5   Conclusion 

This study shows that the new furniture enabling more working postures in combina-
tion with training has significant effects on discomfort and there is an indication that 
people move more. They all prefer the new work stations. More in depth studies are 
needed with more precise movement recordings and long term effects to show the 
effects precisely. 
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Abstract. Accurate quantification of physical activity (PA) and energy expen-
diture (EE) is a basic prerequisite to evaluate activity promoting measures. A 
novel approach for determining EE by a person-centered measurement system 
which operates with motion sensors is presented. The new EE prediction model 
combines information on the type and intensity of PA as well as personal char-
acteristics. For model calibration eight subjects performed standardized office 
and locomotion tasks while wearing the measurement system and an indirect 
calorimeter simultaneously. Via multiple regression analyses different EE pre-
diction equations for sitting, standing, walking, climbing downstairs and climb-
ing upstairs are developed. Model fit statistics revealed good results (adjusted 
R² = 0.51 - 0.90). The developed model seems promising for precise EE predic-
tion during the investigated activities. 

Keywords: physical activity, inactivity, office tasks, energy expenditure, pre-
diction equation, motion sensors, CUELA Activity System, MetaMax 3B. 

1   Introduction 

Work with computers means a heavy burden on the employees’ well-being: Continu-
ous sitting, inadequate static postures and strong focus on screen and keyboard hardly 
allow physical activity (PA). Static work tasks and lack of PA constitute a serious 
health hazard which can be reduced by preventive strategies that promote PA and the 
variation between sitting, standing and moving at workplaces. To evaluate such meas-
ures, a method which provides objective, reliable and detailed information on PA in 
field studies is required. 

Motion sensors are currently seen as the most suitable practice for long-term activity 
monitoring [4, 6, 11]. In case of adequate data processing, they provide information on 
type, intensity, duration and frequency of the performed activities as well as estimation 
of the energy expenditure (EE). Particularly in the context of inactivity, EE – which is 
often disproportionate to energy intake – has an increased significance. There are basi-
cally two approaches in determining EE by means of motion sensors: 
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1. Estimation of EE via the intensity of PA (PAI, physical activity intensity): This ap-
proach is based on the assumption that the intensity of human movement is related 
linearly with activity induced EE. As far as thirty years ago it was discovered that 
during walking the integrated sums of the accelerations measured on the body are 
proportional to EE [7]. Today’s devices designed for recording PAI and EE are also 
based on this assumption (e.g. Caltrac, MTI Actigraph or RT3 Activity Recorder). 
Movement intensity is usually recorded by a single uni- or triaxial accelerometer 
placed on the hip (as rough representation of the body’s centre of mass). The proce-
dure used to determine PAI is always the same: first of all, the raw acceleration  
signals are high-pass filtered and afterwards the absolute values are subsequently 
averaged in different ways. The so calculated PAI values are either internally con-
verted into EE or they are displayed as “activity counts” and have to be processed 
further externally. Both, the internal and the external calculations are based on cali-
bration studies with indirect calorimetry, in which equations for the conversion of 
activity counts into EE were ascertained via linear regression methods. In many 
cases, the prediction models include personal characteristics like age, sex, and/or 
body size.  

Validation studies yielded very heterogenous results. The estimations can be 
used to distinguish between different levels of activity. However, the precise pre-
diction of EE according to this approach seems difficult [4, 5, 6 ,11]. This may be 
due to the inability of one hip mounted sensor to reflect the energy cost of arm ac-
tivities or walking upstairs. Additionally, the relationship between PAI and EE de-
pends highly on the type of activity. Prediction equations which are, for example, 
developed only on the basis of locomotion activities (e.g. walking and running at 
different speeds), tend to underestimate the energy cost of everyday activities like 
household or office tasks [10, 11]. Therefore, it is concluded, covering all possible 
activities with just one equation seems unlikely, and alternative strategies are 
needed to obtain more precise estimations of EE which are valid for a broad range 
of activities [10]. 

2. Estimation of EE via the type of PA: A different approach is pursued by the meas-
urement system IDEEA (Intelligent Device for Energy Expenditure and Activity). 
By means of five movement sensors, which are placed at the sternum, at both 
thighs and under both feet, different activities, like sitting, standing, lying, walking, 
climbing stairs or running, are detected automatically. The IDEEA software con-
tains equations for the determination of EE for the identifiable activities as well as 
for resting metabolic rate. These equations are taken from especially conducted 
measurements as well as large databases [1, 2]. As the IDEEA system records ac-
curately type, onset, duration and frequency of PA [15], a more differentiated esti-
mate of EE compared to the first approach can be expected. 

Validated against direct and indirect calorimetry, a high overall accuracy has 
been shown [14]. Anyhow, there were overestimations and underestimation up to 
10%. The authors explain the overestimation of the IDEEA with the fact, that some 
of the subjects had a high fitness level which is ignored in the prediction equations. 
The underestimations probably arise because activities of the upper limbs are disre-
garded again. Furthermore, additional movements during static postures (e.g. fidget-
ing during sitting) are not considered. 
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The test protocol for validation against indirect calorimetry solely consisted of 
static body postures as well as walking and running on a treadmill; everyday activi-
ties were not investigated. The main difficulty of this approach is that, even if more 
sensors were applied, it would not be possible to detect all conceivable activities to 
consult the respective exact equation for EE determination. 

In order to solve the described problems, we developed a new EE prediction model 
which combines the two presented approaches: The model considers the type of activ-
ity as well as PAI. Additionally, personal characteristics are taken into account. For 
model calibration, we conducted a study in which the required activity information 
was determined by the multi-sensor CUELA Activity System (computer-assisted 
recording and long-term analysis of physical activity) and a portable gas exchange 
analyzer (MetaMax 3B) provided the criterion measure of EE. 

2   Methods 

2.1   Subjects 

Eight subjects (4 females, 4 males) participated in this calibration study. The partici-
pants were free from known cardiovascular and metabolic disorders. The physical 
characteristics are given in Table 1. Besides sex, age and BMI, the activity level was 
assessed as supposed determinants of EE [12]. The activity level was rated by the sub-
jects themselves on a five-stage scale (1 = inactive, 2 = low, 3 = moderate, 4 = high 
and 5 = very high) [3]. The sample represents a wide range of physical characteristics: 
age between 23 and 48 years, BMI between 20.1 and 31.2 kg/m2 and activity level 
between 1 and 5. 

Table 1. Characteristics of the sample 

Female (n = 4) Male (n = 4) Total (n = 8) 
Mean SD Mean SD Mean SD Min Max 

Age (years) 29.5 8.7 39.3 8.5 34.4 8.7 23 48 
BMI (kg/m2) 25.6 5.3 25.9 5.0 25.7 4.7 20.1 31.2 
Activity level [1…5] 3.3 2.1 2.5 1.0 2.9 1.6 1 5 

2.2   Activity Protocol 

Each subject performed a standardized activity protocol. Sequence and duration of the 
activities are listed in Table 2. For the protocol we selected activities which occur 
typically at office workplaces. Furthermore, we considered to have at least two differ-
ent intensity levels in each activity category. The protocol included office tasks during 
sitting (sitting quietly, typing, filing) and during standing (standing quietly, filing, 
sorting files in an office cabinet), walking at different speeds (4, 5 and 6 km/h) as well 
as going downstairs and upstairs (‘slow’ and ‘medium’ speed). In order to standardize 
the speed during walking and climbing stairs, subjects were accompanied by a person 
who set the pace with the aid of a clock and distance markers. The complete proce-
dure took about 40 minutes. 
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Table 2. Activity protocol 

Nr. Activity Duration [min] Explanatory notes 
1 Sitting 1 5 Sitting quietly 
2 Sitting 2 3 Typing 
3 Sitting 3  4 Filing 
4 Standing 1 2 Standing quietly 
5 Standing 2  4 Filing 
6 Standing 3 2 Sorting files in a cabinet 
7 Walking 1 3 4 km/h 
8 Walking 2 3 5 km/h 
9 Walking 3 3 6 km/h 

10 Downstairs 1 1 Slow speed 
11 Downstairs 2 1 Medium speed 
12 Upstairs 1 1 Slow speed 
13 Upstairs 2 1 Medium speed 

Total duration (net) 33   
Total duration  ~40 (incl. change of location)

2.3   Measurements 

During the whole activity protocol, subjects were monitored simultaneously by the 
MetaMax 3B and the CUELA Activity System (see Fig. 1). Additionally, video re-
cordings were conducted for documentation purposes. 

Criterion Measure of EE (MetaMax 3B). Indirect calorimetry is considered the 
most accurate method for free-living assessment of physical activity EE [8] and is, 
therefore, adequate for application in calibration studies. In the present study, the 
portable indirect calorimeter MetaMax 3B (CORTEX Biophysik, Leipzig, Germany) 
was used for metabolic gas exchange analyses and subsequent determination of EE. 

The portable MetaMax 3B operates with a volume sensor which is integrated into a 
mask as well as oxygen and carbon dioxide sensors which are integrated in a chest 

 

 

Fig. 1. Measurement instrumentation during activity protocol 
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worn data logger (see Fig. 1). The system performs gas analysis via breath-by-breath 
method and yields different outcome measures of EE. In order to allow EE estimates 
to be independent of body size we use the metabolic equivalent (MET) as expression 
of EE. METs represent the ratio of working metabolic rate to the resting metabolic 
rate. One MET is defined as 1 kcal/kg/hour and is roughly equivalent to the energy 
cost of sitting quietly. 

 

Fig. 2. Measurement setup of the CUELA Activity System 

Quantification of PA (CUELA Activity System). The CUELA Activity System is 
developed by the Institute for Occupational Health and Safety of the German Social 
Accident Insurance (BGIA) in order to provide differentiated movement data [9]. The 
system operates with a total of seven miniaturized sensors, each consisting of a triax-
ial acceleration sensor and an uniaxial gyroscope. The sensors are attached to the back 
at level of thoracic spine and lumbar spine, both upper and lower legs and the upper 
arm of the dominant arm (see Fig. 2.). Elastic and breathable straps are used to fix the 
sensors under the clothing. Over the closing only a hip belt with the data logger is 
visible. 

The sensor signals are stored on a flash card and subsequently imported into the as-
sociated analysis software on the PC. For the development of the EE prediction model 
the following analysis functions are relevant: 

− The sensor data is used to determine body angles and postures. Via pattern recogni-
tion algorithms the software detects automatically which activity is performed at 
any given time. The identifiable activities are sitting, standing, lying, kneeling, 
crouching, walking, running, cycling and climbing upstairs and downstairs. 

− The acceleration signals are used to determine PAI values according to the ap-
proach of the one-sensor devices. PAI for each body segment fitted by a sensor is 
calculated as follows: To cover all directions of movement the vector magnitude of 
the 3D acceleration vector (x, y, z) at time t is determined: 

2
t
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t

2
ttSegment zyxVM ++=  (1) 

Subsequent high-pass filtering removes the constant signal portions, so that only 
the alternating portion – i.e., the signal representing actually movement – remains. To 
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obtain the current movement intensity a moving root mean square is calculated for the 
high-pass filtered vector magnitudes (VMfilt) across T = 150 readings (equivalent to 3 s 
at the adopted sampling rate of 50 Hz): 
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The segment activities determined in this way are combined to calculate whole 
body PAI (PAItotal). According to the distribution of segment masses assumed in bio-
mechanical models e.g. [13] the PAI values are merged using the following factors: 
 

PAItotal  =      0.4 · ( 0.5   PAIthoracic spine + 0.5  · PAIlumbar spine ) 
+ 2  · 0.2 · ( 0.65 PAIupper leg   + 0.35 · PAIlower leg  )        
+    0.2 ·      PAIupper arm 

(3) 

2.4   Data Analysis 

In order to synchronize the data streams the MET values quantified by MetaMax 3B 
(METMMX) were imported into the CUELA software. For the accurate identification 
of the activities from the protocol the recorded videos were also synchronized with 
the measurement data. 

The first part of developing an EE prediction model was to determine MET values 
according to the type of activity detected by CUELA. These METs are obtained from 
well-researched databases [1, 2]. As the CUELA System can only identify base activ-
ity categories like ‘sitting’ or ‘walking’ and not for example ‘sitting and sorting files’, 
we call them METBasis. Therefore, differences between measured and base METs are 
expected. 

The second part of the model was then to examine these differences (METDiff  = 
METMMX – METBasis) to correct the METBasis values appropriately. Following the as-
sumption that differences are on the one hand due to the variety in movement intensity 
within one base activity category (i.e. identical METBasis value), scatter plots were 
drawn to analyze the relationship between METDiff and PAItotal at group level. On the 
other hand discrepancies may be caused by personal conditions; hence, differences 
between group and individual METDiff-PAItotal relationships were examined with re-
spect to BMI, age, gender and activity level using scatter plots (all plots not shown). 

Multiple regression analyses for the prediction of the METBasis correction were cal-
culated. For this purpose activities from the protocol were investigated separately. 
The last 30 % of each activity interval were taken for examination, assuming that a 
steady state has been reached therein. PAItotal and METDiff were averaged for every 
activity. Regressions were calculated for each base activity category (sitting, standing, 
walking, walking downstairs and walking upstairs) whereas METDiff was the depend-
ent variable and PAItotal, BMI, age, activity level and gender were the indepen-dent 
variables. For the analysis gender was dummy-coded (male = 1; female = 2) and the 
activity level were converted into scores according to Jurca et al. [3]. 
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3   Results 

Base MET values referring to the protocol are given in Table 3. During all performed 
activities differences between looked-up METs (METBasis) and measured METs 
(METMMX) were found. The mean differences over all subjects and intensity levels 
within one category are presented in Table 3. The absolute values of the mean differ-
ences were the lowest for sitting (0.32 METs) and the highest for climbing upstairs 
(2.09 METs), whereas the highest relative mean differences occurred during standing 
(61 %) and the lowest during walking (14 %). 

Table 3. Differences between looked-up and measured METs 

METDiff = METMMX - METBasis METBasis Mean SD Mean in % Min Max 
Sitting 1.0 0.32  0.25 31.64 -0.11 0.71 
Standing 1.2 0.73 0.74 61.20 -0.25 2.12 
Walking 3.5 0.49 0.70 14.04 -0.87 1.91 
Downstairs 3.0 0.69 0.63 23.08 -0.76 1.74 
Upstairs 8.0 -2.09 2.04 -26.07 -4.89 1.10 

Values are in METs (1 MET = 1 kcal/kg/h), except for Mean in %; METBasis, looked-up base 
METs; METMMX, METs measured by MetaMax 3B. 

 
METDiff values increased with raising intensity within one base activity category. 

Scatter plots (not shown) demonstrated strong linear relationships between these dif-
ferences and PAItotal. Linear relationships were also found for the differences between 
group and individual METDiff-PAItotal relations and the personal characteristics. Multi-
ple linear regression analyses with PAItotal (PAI), BMI, activity level (Act), age and 
gender (G) as predictors yielded the following correction terms for sitting, standing, 
walking and climbing stairs: 

CorrSitting 

= 0.994 + 48.438·PAI – 0.032·BMI – 0.030·Act – 0.004·Age – 0.158·G  (4) 

CorrStanding 

= 1.513 + 31.416·PAI – 0.029·BMI – 0.032·Act – 0.009·Age – 0.370·G  (5) 

CorrWalking 

= – 0.984 + 8.870·PAI – 0.03·BMI – 0.049·Act – 0.018·Age – 0.238·G (6) 

CorrDownstairs = 1.266 + 4.786·PAI – 0.096·BMI – 0.310·Act + 0.006·Age + 0.228·G (7) 

CorrUpstairs = 8.064 + 32.429·PAI – 0.206·BMI – 0.315·Act + 0.040·Age + 1.076·G  (8) 

Standard error of estimate (SEE) and adjusted multiple determination coefficients 
(adj. R²) of the correction models as well as the standardized coefficients (beta coeffi-
cients) of all predictors are given in Table 4. SEE was the lowest for the correction 
term for sitting (0.08 METs) and the highest for climbing upstairs (1.37 METs). Com-
pared to the standard deviation of the respective dependent variables (see Table 3) all 
SEE values are considerably lower. The linear combinations of the adopted predictors 
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explain between 83 and 90 % of the variance of the dependent variable during sitting, 
standing and walking and slightly more than half of the variance during walking up-
stairs and downstairs. The prediction models for METBasis correction were highly 
significant (p ≤ 0.001) for sitting, standing and walking and significant for the stair 
climbing correction terms (p ≤ 0.05). 

In order to show the importance of each predictor within one model standardized 
beta coefficients are presented here. For all activity categories except for walking 
downstairs PAItotal has the clearly highest influence on the correction term. For walk-
ing downstairs the absolute beta coefficient of BMI is somewhat higher than the value 
for PAItotal. Except for age and sex during climbing stairs, the person related variables 
have a negative sign. Among these predictors BMI is of highest importance for sitting 
and climbing downstairs and upstairs. For standing gender shows the largest absolute 
beta and for walking the highest impact is found for age. 
For all activities beta coefficients for PAItotal are significant. Further significant beta 
coefficients are found for BMI (for sitting and walking downstairs) and gender (only 
for sitting). 

Table 4. Model fit statistics and standardized coefficients of the base MET correction terms 

Standardized coefficients (beta)Correction  
term for 

SEE 
(METs) 

Adj. R²
PAItotal BMI Act Age G 

Sitting 0.08 0.90** 0.79** -0.53** -0.13 -0.15 -0.32* 
Standing 0.30 0.83** 0.93** -0.17 -0.05 -0.11 -0.26 
Walking 0.24 0.88** 0.95** -0.19 -0.06 -0.24 -0.17 
Downstairs 0.44 0.51* 0.54* -0.65* -0.54 0.08 0.19 
Upstairs 1.37 0.55* 0.83** -0.43 -0.17 0.16 0.27 

* p ≤ 0.05; ** p ≤ 0.001; Adj. R², adjusted multiple determination coefficient; SEE, standard 
error of estimate; PAItotal, whole body physical activity intensity; Act, activity level; G, gender. 

4   Discussion 

The presented approach for EE estimation by means of motion sensors combines the 
existing methods and addresses their problems at the same time: Using the automatic 
activity recognition of the CUELA Activity System, it was possible to develop a 
branched model with different EE prediction equations for the respective activity 
categories. This proceeding seems inevitable since precise prediction of EE with just 
one equation for all activities is not possible [10]. As the system can not detect all 
imaginable human activities, additional movements, for example during sitting or 
standing, are involved by regarding PAI values of different body regions. PAI of 
upper and lower legs and trunk as well as the dominant arm are integrated into whole 
body PAI. Thus, more differentiated information on movement intensity than just PAI 
measured at hip level is considered. Underestimations of the previous approaches 
referring to this might be solved. In addition, the integration of BMI, age, sex and 
activity level may possibly further reduce estimation errors. 
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The first part of the developed model (consulting look-up tables for EE determi-
nation) corresponds to the IDEEA approach. As expected, the looked-up METs 
(METBasis) differed from the measured METs (METMMX) during all performed activi-
ties. The discovered positive linear relationships between these differences (METDiff) 
and PAItotal reconfirmed the approach of estimating EE by PAI: growing energy 
demand due to increasing movement intensity can be predicted to a large extent by 
whole body PAI. In order to get a more precise prediction for correcting METBase, 
multiple regression analyses with supplementary consideration of personal character-
istics were conducted. Regarding the small sample size typically a method for step-
wise selection of variables would be suitable. Since we used predictors which are 
well known as EE determinants they were entered into the regression analyses via 
inclusion method. 

Checking the model fit revealed statistical significance for each correction equation. 
Adjusted R² was lower for the models of walking downstairs and upstairs. This might 
be due to the experimental protocol: for climbing stairs only two different intensity 
levels were included and, therefore, less data points are provided for these activities. 

With regard to the non standardized regression coefficients it can be stated that, the 
higher the relative differences between base METs and measured METs are, the lar-
ger the coefficients for PAItotal tend to be. Beta coefficients for PAItotal showed signifi-
cance for all correction terms and, thus, prove the high importance of PAI on the 
variance in EE. Negative signs of the regression coefficients of the individual vari-
ables agree with known effects of personal characteristics on EE: the correction term 
is smaller, i.e. EE per kg body weight is lower, (1) for persons who have a higher 
BMI, (2) for physically more active persons, (3) for older persons and (4) for women. 
Solely for the climbing upstairs and downstairs correction terms the coefficients for 
sex and age are positive. However, these coefficients are each of very low impact on 
the whole equation. Considering the standardized coefficients for the personal charac-
teristics only few of them were significant. This is likely caused by the small sample 
size and should be investigated again with more subjects. 

Anyhow, it can be concluded that combining the information on type of activity, 
movement’s intensity (PAI) and a person’s characteristica may improve estimation of 
EE by motion sensors. By integrating the determined regression models into an EE 
prediction model linked to the CUELA Activity System, this device seems promising 
for accurate analysis of PA and EE for a broad range of applications, for example the 
activity assessment of computer workers in the context of quantification of inactivity 
and evaluation of PA promotion measures. Currently, we are analyzing data of a vali-
dation study, in which the resulting EE prediction model is tested against indirect 
calorimetry for an independent sample. Once being evaluated, the CUELA Activity 
System might overcome limitations of methods used to measure PA and EE. The 
system will, for instance, be more valid than questionnaires or one-sensor systems and 
more practicable than indirect calorimetry. 
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Abstract. The review starts with the assessment of needs for health promotion, 
particularly drawing upon the aging of the workforce in Europe and U.S. Basic 
intervention models for work site health promotion programs (WHP) are out-
lined. Recent findings of WHP outcomes underscore the requirement to inte-
grate health promotion into the management system of the organization. Based 
on the framework of healthy work organization and of Health Management Sys-
tems the research project INOPE is described. The objective is the develop-
ment, implementation, evaluation and transfer of a holistic health management 
system within the German tax administration. 
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1   Need for Health Promotion 

The aging of the population in Europe, United States and throughout the world is a 
challenge for many organizations. The baby boomer generation of 78 million, born 
between the years of 1946 and 1964, is the largest birth cohort in U.S. history and is 
rapidly moving into the older age groups. The proportion of the U.S. population in the 
65 and older age group has grown from 4.0% at the turn of the century to 8.1% in the 
1950s and to 12.4% in 2000. Predictions suggest that by 2030 it could reach a level as 
high as 20.0% [14]. 

A significant numbers of older age groups retire, the influx of younger replacement 
workers will be insufficient to replace those leaving. Several industrial sectors are 
projecting that a majority of their current workforces will retire within the next 2 
decades (e.g. teachers, hospital workers, roofers) raising concerns about the loss of 
skilled workers along with institutional knowledge und experience. In addition, the 
movement of large numbers of older workers into retirement will put substantial pres-
sures on social security, pension funding systems, and medicare financing. Public 
policies will almost certainly need to evolve to encourage workers to stay on the job 
longer [13].  

There appears to be a discontinuity in the trend for advanced retirement of older 
workers, either by choice or force, and their expressed desires to remain actively en-
gaged. The willingness of the 55-years-and-older group to continue working into the 
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future or to delay retirement is a multidimensional decision [11]. Factors relevant to 
the person’s decision to retire or to continue working include the individual’s health 
status, financial considerations (e.g., retirement income, savings, pensions, and social 
security payments), job satisfaction, work environment, and social support. In con-
trast, poor health, involuntary retirement, and changes in marital status (e.g. widow-
hood or divorce) have negative impacts on retirement attitudes. 

Although managing one’s physical and mental health requires a high degree of per-
sonal responsibility in maintaining a healthy lifestyle and positive attitudes, supports 
within the workplace (e.g., programs and policies) are essential in maximizing health 
and productivity. Work Site Health-Promotion Programs (WHP) have emerged as a 
priority topic among those initiatives.  

WHP are initiatives directed at improving the health and well-being of workers 
and, in some cases, their relatives. They include programs designed to prevent the 
occurrence of disease or the progression of disease from its early unrecognized stage 
to one that’s more severe. At their core, WHP support primary, secondary, and terti-
ary prevention efforts [7].  

The main driving force behind employers’ growing interest in providing WHP ser-
vices to their workers is undoubtedly rapidly rising health care costs. Employers’ 
health care costs, primarily focused on sickness care, are increasing exponentially 
with no immediate attenuation in sight. The most recent worksite health promotion 
survey in Germany in 2004 reports that 20% of the enterprises from a representative 
panel of 16,000 implemented some form of health promotion activities. Most fre-
quently mentioned were analyses of status of employee’s illness, and surveys on 
health and sickness status (9%), followed by health education (6%), health circles 
(6%) and other activities (5%) (www.iab.de). If structural, e.g., management and 
environmental activities as well as individually focused health activities are simulta-
neously considered, less than 10% of the enterprises make use of an holistic approach. 

A recent National Worksite Health Promotion Survey (2004) from the U.S. docu-
ments that only 6.9% of employers provide all five elements considered key compo-
nents of a comprehensive program: (a) health education, (b) links to related employee 
services, (c) supportive physical and social environments for health improvement, (d) 
integration of health promotion into the organization’s culture, and (e) employee 
screenings with adequate treatment and follow up [12].  

2   Basic Intervention Models  

WHP cover a wide range of health promoting activities. The selection and implementa-
tion of these activities may be associated with the underlying assumptions about the 
passive or active roles of individuals within a system or a setting. [16]. According to 
the passive or individual model, the setting is seen as a neutral and passive environ-
ment that simply offers access to populations and favorable circumstances to undertake 
a range of individually focused health promotion activities, e.g., using media, health 
counseling and developing personal skills for health. From an active model perspec-
tive, the problem still rests within the individual, i.e., the need to change specific health 
behaviors like smoking or stress managing, however, the nature of solution is broad-
ened to incorporate structural elements of the setting in which the individual lives. The 
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setting is thus seen as an independent and controllable system, which has the potential 
to contribute to the shaping of individual behavior. Various elements of a health pro-
motion system such as policy development, physical and social environment, informa-
tion and communication, and skills development are thus set up to deal with specific 
health problems (smoking cessation, physical activity, dietary fat consumption). 

Based on an assumption that over-arching systems are the product of a multitude of 
processes or individual actions, health promotion in the psychosocial model is mainly 
seen as the product of psychosocial factors. Organizational communication, mecha-
nism of representation and participation within the setting, and training and develop-
ment of setting’s staff are considered as general representation of health promoting 
activities. This approach suggests activity that focuses on the ability to strengthen 
collective participation and action, and that is synonymous with the broad tradition of 
community development and, in particular, the bottom up approach [16]. 

The structural model tends to bring about direct and significant changes in setting 
structure and developing culture which in turn will have significant impacts on the 
behavior of groups and individuals. The potential for profound and sustainable change 
comes from relatively powerful agents within the system and, as such, the emphasis 
tends to be more on broad setting’s policies and strategies, with the focus on the direct 
actions of senior management. This approach includes actions as identifying relevant 
policy attributes, considering factors that may enhance or inhibit policy change; assess-
ing change options, planning the political process of achieving the necessary legisla-
tive, regulatory, financial, organizational or educational changes. In case of work  
organizations, changes generally deal with the way work processes are structured and 
managed, such as job design, scheduling, management and leadership, information and 
communication, and policies and procedures. 

These models portray health promotion activities in a rather stereotypical way. 
There may be significant variability within each model and also a considerable overlap 
and interaction between them. For example, the psychosocial model and the structural 
model are often seen to be complementary. However, without top level commitment 
and at the same time without a strong participatory health development process from 
bottom-up the entire health promotion process is doomed to failure [21]. As well as 
overlap, health promoters may use a choice of models at the same time to tackle spe-
cific problems within the organization, where progress in one area facilitates progress 
in another.  

3   Recent Findings of WHP Outcomes 

Worksite health promotion programs range from single component to multicompo-
nent programs, facing the multicausal causation of several disorders. In an early re-
view on multicomponent WHP and their impact on employee health and productivity, 
Heaney and Goetzel [10] examined 47 peer-reviewed studies over a 20-year period. 
They reported that WHP varied widely in terms of their comprehensiveness, intensity, 
and duration. Consequently, the measurable impact of these programs varied signifi-
cantly because different intervention and evaluation methods were employed. Despite 
the variability in programs and study designs, the authors concluded that there was 
“indicative to acceptable” evidence supporting the effectiveness of multicomponent 
WHP in achieving long-term behavior change and risk reduction among workers. 
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Aldana [1] performed a comprehensive literature review of the financial impact of 
health-promotion programming on health care costs. In his analysis, the average Return 
Of Investment (ROI) of seven studies reporting costs and benefits was $3.48 for every 
dollar expended. In the same review, Aldana reported the impact of work site programs 
on absenteeism. All 14 absenteeism studies reviewed found reductions in employee 
absenteeism, regardless of the research design applied. In a more recent review of 
economic outcomes, summarizing results from 56 qualifying financial impact studies 
conducted over the past two decades, Chapman [4] concluded that participants in work 
site programs have 25%–30% lower medical and absenteeism costs compared with 
nonparticipants, over an average study period of 3.6 years. 

A recent review of workplace-based health-promotion and disease-prevention pro-
grams was reported by the Community Preventive Services Task Force in 2007 [15]. 
The Task Force examined the literature for worksite programs of 50 studies which 
qualified for inclusion in the review. Studies include an assessment of health risks with 
feedback, delivered verbally or in writing, followed by health education or other 
health-improvement interventions. Additional health-promotion interventions incorpo-
rated counseling and coaching of at-risk employees, invitations to group health educa-
tion classes, and support sessions aimed at encouraging or assisting employees in their 
efforts to adopt healthy behaviors. Interventions with an environmental or ecological 
focus cover enhancing access to physical activity programs (exercise facilities or time-
off for exercise), providing healthy food choices in cafeterias, and enacting policies 
that support a healthier work site environment (such as a smoke-free workplace). In 
most cases, WHP interventions provided at the work site were offered free of charge to 
encourage participation.  

The outcomes included a range of health behaviors, physiologic measurements, and 
productivity indicators linked to changes in health status. Most of the changes in these 
outcomes were small when measured at an individual level. For example, the review 
found strong evidence of WHP effectiveness in reducing tobacco use among partici-
pants (with a median reduction in prevalence rates of 1.5 percentage points), dietary fat 
consumption as measured by self-report (median reduction in risk prevalence of 5.4 
percentage points), high blood pressure (median prevalence risk reduction of 4.5 per-
centage points), total serum cholesterol levels (median prevalence reduction of 6.6 
percentage points), the number of days absent from work for the reason of illness or 
disability (median reduction of 1.2 days per year), and improvements in other general 
measures of worker productivity. 

Aside from changes in health risks, the review reported additional benefits associ-
ated with work site programs. These include increasing worker awareness of health 
topics; increasing detection of certain diseases, or risk for disease at an earlier stage; 
referral to medical professionals for employees at high risk for disease; and creation of 
need-specific health promotion programs based on the analysis of aggregate results. 

4   Healthy Work Organization 

Although there has been considerable discussion of healthy work organization, there 
have been relatively few attempts to develop or test actual models of healthy work 
organization. DeJoy and colleagues [5], [18] are representatives of some of the work 
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on this topic. The following working definition of healthy work organization guided 
their model development and test: ‘A healthy organization is one characterized by 
intentional, systematic, and collaborative efforts to maximize employee well-being 
and productivity by providing well-designed and meaningful jobs, a supportive so-
cial–organizational environment, and accessible and equitable opportunities for career 
and work–life enhancement’ [18]. 

The model, which was successfully tested using structural equation modeling, in-
cludes three rather distinct domains of work life: Job design emphasizes employees‘ 
individual perceptions of their immediate work tasks; organizational climate empha-
sizes the social and interpersonal aspects of the work situation, while job future con-
centrates on job security, equity, and career developments.  

Zimolong & Elke [20] performed a longitudinal study in the chemical industry to 
identify key practices and systems of healthy work organizations, particularly on OHS 
management systems that are allied to organization’s OHS performance. A total of 18 
plants participated, with a size ranging from 200 to 1,500 employees. Research topics 
were best practices, processes and structures in OHS-related planning and design of 
work systems, in human resource management, in information and communication 
management, and in cultural aspects. Other topics addressed the control strategies of 
the human resource subsystems such as guiding, training, and incentive systems, and 
the kind of substitutes companies have developed to maintain an efficient control 
loop. The OHS performance level of companies was measured by the frequency of 
injury days and ill-health related lost work days.  

Companies with world leading excellent records in OHS integrate their general 
achievement systems based on MbO, appraisal-, reward-, and career development 
systems with the OHS function. They mainly rely on strong leadership responsibility 
in OHS, on appraisal, and on reward systems that are combined to a holistic human 
resource management system. These systems do not only include indicators of busi-
ness performance, they also address OHS indicators and performance. OHS culture 
serves as substitute for managerial influence and fosters internalized member com-
mitment. Specific contribution of the OHS culture addresses the development of 
health resources of employees towards self-sustained health consciousness, commit-
ment and activities. The traditional approach to managing people focuses on selection, 
training, performance appraisal, and compensation for individuals in specific jobs. 
When tall organizations become flatter and/or are restructured around teamwork, 
different forms of team autonomy and OHS responsibilities are emerging. Selection, 
performance appraisal, and reward policies are the most likely candidates for change. 
Contingent pay and peer pressure generated by teams are emerging as substitutes for 
both managerial influence and internalized member commitment. 

From reviews of benchmarking and best-practice studies the following system ele-
ments of holistic health programs are described repeatedly as effective WHP practices 
[8], [22]: (a) integrating WHP into the organization’s central operations; (b) addressing 
individual, environmental, policy, and cultural factors; (c) development of a healthy 
organizational culture, (d) targeting several health issues simultaneously; (e) imple-
mentation of health-screenings, (f) tailoring programs to address specific needs of the 
population (e.g., provision of a menu-approach), (g) effectively communicating; (h) 
attaining high participation rates; (i) networking with local and regional healthcare 
providers and institutions; (j) evaluation and continuous improvement of the program.  



136 B. Zimolong and G. Elke 

The challenge is how to implement those best WHP practices within the work or-
ganization to unfold the effects. Basically two approaches are feasible: the organiza-
tion acquires menu-based health services from health vendors (surface acting) or the 
organization decides for a sustainable solution and adopts some kind of a health man-
agement system (deep action). In this paper we will pursue the management approach.  

5   Health and Safety Management 

Occupational health and safety has not been recognized by academics as a managerial 
and organizational research domain [6]. Less than 1% of organizational research pub-
lished in top journals has focused on occupational safety, a situation that has not 
changed for more than two decades [2]. Contrary to the academic neglect, safety 
management has been practiced worldwide successfully by a great number of enter-
prises for decades. Policies, strategies, procedures and practices of excellent enter-
prises have been reviewed by business consultants, safety practitioners and academics 
[3], [19], [23].  

Management as a function comprises all processes and functions resulting from the 
division of labor in an organization such as planning, organizing, leading and control-
ling. In most organizations more or less formalized management systems serve to struc-
ture, develop, and direct business processes. Systems differ with respect to branches, 
nature of business, company size, and human factors such as culture and policy. As 
firms grow in size management systems gain complexity and become difficult to use, 
thus resulting in domain-specific systems such as management of health, safety, envi-
ronmental resources, quality or personnel. Since Health, Safety and Environmental 
(HSE) management have a number of over lapses and are actually practiced by the same 
people in an integrated manner, companies are moving towards integrated HSE man-
agement systems as a subsystem of the business/operations management. 

OHS management can be understood as a domain-specific management system 
within a broader risk management domain. Many of the features of OHS management 
are indistinguishable from the sound management practices advocated by proponents 
of quality and business excellence. This is reflected in standards usually based on ISO 
9000, e.g. BS 7750 and the ISO 14000 series, and in legislative developments in many 
countries. The British environmental standard BS 7750 and EMAS contributed to the 
development of the ISO 14000 series ‘Environmental Management Systems’ stan-
dards. Initiatives to launch an international standard for ‘Occupational Health and 
Safety’ (OHS) management systems have been delayed. In many countries, national 
guidelines give guidance on OHS management systems.  

The safety management principles of the ISO standards and of the standard text-
books on safety management seem to suggest that science and industry have reason-
able models of how safe and reliable organizations work. However, this is not the case. 
Hale and Baram [9] conducted a thorough literature review on OHS management and 
revealed a number of lines of research and isolated studies which seem to have few 
links with each other. They concluded that literature on OHS can be characterized, at 
least until the 1980s, as accumulated experience of common sense and as general man-
agement principles applied to the specific field of health and safety. The management 
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approach of the ISO standards are based on generic management principles which are 
derived from different theoretical and organizational perspectives. The elements of the 
systems are considered to present ‘best practices’ of successful enterprises. They are 
designed to be used by organizations of all sizes and regardless of the nature of their 
activities.  

From the research on best practices in OHS management and based on findings from 
literature a holistic framework of OHS management has been proposed [23]. The do-
main-specific management system must be integrated into the processes of an organiza-
tion to assure a sustainable effect. OHS activities have to be incorporated into the daily 
routines of managers, supervisors and employees, and OHS standards and processes 
into the life cycle of products, services and work systems. Best practices of Human 
Resource Management (HRM) support long term commitment and involvement of 
employees to OHS. The system elements to be managed are risk control and health 
promotion systems. Key elements of the systems are human resources management, 
management of information and communication, (re)design of work and technology, 
and development of an OHS supporting culture. Generic management activities include 
those of the management control loops of the ISO-standards. The health and safety risks 
associated with the life cycle of systems, products and services are managed by risk 
assessment in each of the phases of the life cycle and by continuous risk performance 
measurements as part of the information and communication management.  

6   Research Project INOPE  

The objective of the ongoing research project INOPE1 is the development, implemen-
tation, evaluation and transfer of a holistic health management framework within the 
German tax administration. The German fiscal authority operates 645 local tax offices 
in all federal states of Germany. The tax administration of North Rhine-Westphalia 
operates 137 local tax offices counting approximately 30,000 employees. The project 
INOPE proceeds in nine local tax offices of the tax administration Rhineland, tax 
offices volunteered to participate in the pilot project. They were chosen according to 
geographical characteristics and transaction volumes. The tax administration Rhine-
land employs 15,800 women and men, the nine pilot tax offices cover 2,136 people. 
Each tax office employs between 138 and 380 employees organized in 10-15 func-
tional units.  

The organizational change process followed the dual approach of the structural and 
psychosocial model drawing on top level commitment and from bottom up on strong 
participatory support of employees, members of employee committees, and health and 
safety representatives. Starting point was an update of previous and ongoing work site 
health activities and programs at the level of the local tax offices, an assessment of 
their outcomes, a health survey, and the participatory implementation of steering com-
mittees in each of the tax offices. Their responsibility was to plan, coordinate, evaluate 
and improve health promotion activities. Participants of the local steering committees 
 

                                                           
1 INOPE (Health promotion and prevention supported by Integrated Network, Organizational, 

and Personnel development) is a project funded by the German Federal Ministry of Education 
and Research (BMBF, www.inope.de) 
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were the senior and deputy manager, first-level managers, employees, members of the 
local employee committee, and health and safety representatives. Taken together, 8 -12 
members joined the local committee. The president of the tax administration Rhineland 
chaired the central steering committee of the 9 tax offices. This committee incorpo-
rated all senior managers of the tax offices, central health and safety representatives, 
members of the central employee committee and the scientific consultants. 

Key elements of the management framework to be implemented incorporated proc-
esses (structures) and activities of human resource management, e.g., leadership ac-
countability for OHS objectives linked with appraisal and reward systems, top- down 
and bottom-up health goal settings and negotiations, setting up of monitoring and feed-
back systems, promoting of OHS responsibility of self-managed teams and individuals, 
and training systems linked to managers’ and subordinates’ needs. Additionally, peer 
pressure with respect to health activities and positive health attitudes generated by 
work teams served as supplement for both managerial influence and internalized mem-
ber commitment.  

Managerial tasks in the information and communication domain included the estab-
lishment of top-down and bottom-up information and communication channels and 
platforms on health issues, installation of a web-based communication platform, and 
the start-off of internal communication processes promoted by incentives and personal 
communication ownerships. Management of job and work design emphasized the 
allocation of accountability to first line managers and teams. This was linked to an 
ongoing monitoring and improvement loop with the focus on physical (ergonomic) as 
well as psychosocial aspects of work place environment. Teams (health circles) devel-
oped work process improvements and were encouraged to adjust characteristics of their 
computer software.  

The implementation and continuing improvement of the generic OHS management 
system was supplemented by health surveys, specifically tailored health interventions 
(for example, ‘Healthy back’ program, see Schwennen and Zimolong in this sympo-
sium), and ongoing menu offers including physical and psychosocial activities at the 
local tax offices. A notable part of the offers resulted from networking with local and 
regional healthcare providers and institutions. 

The ‘Healthy back’ program offered an assessment of health risks with feedback, 
delivered verbally and written, followed by tailored risk group health education and 
specific back health-improvement interventions. Health-promotion interventions incor-
porated counseling and coaching of employees, invitations to group health education 
and active training classes, and support activities via telephone aimed at encouraging 
or assisting employees in their efforts to adopt healthy behaviors. Interventions with an 
environmental focus covered enhancing access to physical activity programs (exercise 
facilities, time-off for exercise, set-up of training classes such as Nordic Walking), 
providing healthy food choices in cafeterias, and enacting policies that support a 
healthier work site environment (such as a smoke-free workplace). In most cases, 
WHP interventions provided at the work site were offered free of charge to encourage 
participation.  

Comprehensive outcomes from the ongoing research project will be presented at 
the conference. 
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Abstract. In factory automation (FA) industry, it is essential for the working 
environment using industrial robots to be provided with measures that assure 
operator’s safety and good usability of machines. We have studied the opera-
tor’s safety and usability of portable robotic operation terminals, and have de-
veloped the standardized terminals for one-hand operation suitable to many 
types of applications. The find`ings and knowledge we obtained through the 
development materialized recently as the new two-hand portable robotic opera-
tion terminal which is designed ergonomically. In this paper, we report on the 
new operation terminal which provides excellent operational safety and usabil-
ity, and also a study on the effectiveness of wireless terminals for improving the 
usability of entire system. 

Keywords: Teach pendant, enabling switch, robot, HMI environment, wireless, 
safety, usability. 

1   Introduction 

In factory automation (FA) industry utilizing industrial robots, it is widely recognized 
that the environment where operators and machines interact must be assured of high 
level safety for operators, at the same time as improving the system productivity.  

As figure 1 shows, there are many situations in the working environments where op-
erators and robots interact directly in manual operations, such as system start-up, teach-
ing, process-changeover, error repair, and maintenance. In manual operations where 
operators need to work in close proximity to a robot, the operator needs to use a portable 
robotic operation terminal (hereinafter referred to as teach pendant). Because the opera-
tor is required to work in a hazardous area, the teach pendant has to be designed so that 
the safety of operators can be ensured. The requirements of teach pendant and enabling 
device, which must be used on teach pendants, are described by many international 
standards as shown in Table 1 [1-5]. 
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Table 1. International Standards for Teach Pendant and Enabling Device 

Standards Requirement 

ISO 12100-1 (2003) 
Safety of machinery - Basic concepts, general principles for design -- 
Part 1: Basic terminology, methodology 

3.26.2 
enabling device 

ISO 12100-2 (2003) 
Safety of machinery - Basic concepts, general principles for design -- 
Part 2: Technical principles 

4.11.9 
Control mode for setting, teaching, process 
changeover, fault-finding, cleaning or 
maintenance 

ISO 10218-1 (2006) 
Robots for industrial environments – Safety requirements 
– Part 1: Robot 

5.8.3 
Enabling device 

IEC 60204-1 (2005) 
Safety of Machinery – Electrical Equipment of Machines 

10.9 
Enabling control device 

IEC 60947-5-8 (2006) 
Control circuit devices and switching elements – Three-position 
enabling switches 

2.1 Enabling device 
2.2 Three-position enabling switch 

ANSI/RIA ISO 10218-1 (2007) 
Robots for Industrial Environment – Safety Requirements, 
Part 1 - Robot 

5.8.3 
Enabling device 

ANSI/RIA R15.06 (1999) 
for Industrial Robots and Robot Systems Safety Requirements 

4.7.3 
Enabling device 

NFPA79 (2007) 
Electrical Standard for Industrial Machinery 

9.2.5.7 
Enabling control 

ANSI B11.19 (2003) 
Performance Criteria for Safeguarding 
American National Standard for Machine Tools 

12.3 
Enabling devices 

CAN/CSA Z434-03 (2003) 
Industrial Robots and Robot Systems - General Safety Requirements 

4.7.4 
Enabling Device 

SEMI S2-0706 (2006) 
Environmental, Health, and Safety Guideline for Semiconductor 
Manufacturing Equipment 

20.4 
Industrial Robot and Industrial Robot 

Systems 

UL 1740 (1998) 
Robots and Robotic Equipment 

41.5 
Teach pendant 

The enabling switch of enabling device enables robot operation when pressed and 
turned on, and disables robot operation when turned off. The enabling switch is  
designed to turn off by unintentional action of the operator when the robot moves 
unexpectedly. There are two-position and three-position enabling switches, and three-
position type is the preferred choice for the use in enabling device due to the follow-
ing reasons.  

Two-position enabling switch turns on when pressed, and turns off when released. 
Three-position enabling switch similarly turns on when pressed and turns off when 
released, but it also turns off when pressed tightly by the panicked operator. Therefore 
in emergency, three-position enabling switch turns off either when released or pressed 
tightly. On the other hand, two-position enabling switch turns off only when released.  

According to the experiment by National Institute of Occupational Safety and 
Health, Japan, operators cannot act calmly when facing with an imminent danger. 
ANSI/RIA R15.06 also describes that “Tests have shown that human reaction to an 
emergency may be to release an object, or hold on tighter, thus compressing an ena-
bling device. Design and installation of the enabling device should consider the  
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Fig. 1. Operators and robot in working area 

ergonomics issues of sustained activation.” Therefore when designing a teach pen-
dant, we must consider two types of situation: a panicked operator releases the ena-
bling switch, and the operator holds on to the switch tightly.  

Figure 2 shows how the safety of operators is different when using two-position ena-
bling switch and three-position enabling switch. In the figure, an operator uses a grip 
switch in (A) and a teach pendant in (B). The safety of operator when using the two-
position enabling switch is shown in (C), and three-position enabling switch in (D). 

 

Fig. 2. Comparison of 2-position and 3-position enabling switches 
 
 

Teach Pendant 

Operator Robot 
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Fig. 3. Three types of teach pendants 

As shown in the figure, both two- and three-position enabling switches disable ma-
chine operation when released (A-2, B-2). When grasped tightly (A-3, B-3), however, 
two-position switch keeps activating robot motion, causing possible danger or death 
to the operator (C-4). On the other hand, three-position enabling switch disables robot 
motion even when held tightly, assuring operator’s safety (D-4).  

Therefore, three-position enabling switch is superior to two-position enabling 
switch, and the requirements of operational performance characteristics are specified 
in IEC 60947-5-8: Low-voltage switchgear and controlgear – Part 5-8: Control circuit 
devices and switching elements – Three-position enabling switches. We have long 
been engaged in the research and development of safety products such as enabling 
switch and emergency stop switch from the viewpoint of operational safety [6-11].  

2   Standardized Teach Pendant for Improved Usability  

Pendants are used by holding in a hand, therefore good usability is necessary to 
minimize stress and to ensure comfort operation for users. Therefore teach pendants 
must provide users with both operational safety and usability based on ergonomics 
[12, 13]. Conventionally, each machine manufacturer has developed teach pendant 
individually with their own design, because specifications required for a teach pen-
dant varies with different types of applications where the pendant is used. Because 
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Fig. 4. Standardization of teach pendants 

there have been no specific guidelines available for the required components of teach 
pendant, the pendants designed by machine manufacturers were hardly the optimal 
choice as a Human Machine Interface (HMI), and there were problems such as lack of 
safety components, un-ergonomic and inflexible component layout, shape, and size, 
resulting in bad usability and stressful operation. 

To solve these problems, we have studied various teach pendants and requirements 
for teach pendant used in FA industry, and categorized them in types I, II, and III as 
shown in figure 3. Based on the research, we have developed the standardized teach 
pendant that can be used for many types of robots and machines shown in figure 4. 
Figure 5 shows the HG1H teach pendant we developed for Type I requirement of 20 to 
30-key keypad and small display information, and the HG1T teach pendant for Type II 
requirement of 30 to 40-key keypad and medium-size display information. These pen-
dants were designed not only with good appearance, but also with excellent usability. 
The enabling switch, which operator needs to keep pressing in enabling position during 
teaching, is arranged where the palm of the operator is placed invariably when holding a 
teach pendant. The design makes it possible for the operator to continue teaching opera-
tion for a long time almost without realizing it. The shape and position of enabling 
 

 

Fig. 5. HG1H and HG1T teach pendants for type I and II requirements 
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Fig. 6. HG1U Two-hand teach pendant 

switch are designed with ergonomic considerations so that it turns off without failure 
when the panicked operator in emergency releases or holds on to the teach pendant 
tightly. The enabling switch can also be used easily in either right or left hand [12, 13]. 

3   Two-Hand Teach Pendant of Excellent Usability 

In addition to one-hand teach pendant, some robot-teaching applications require a teach 
pendant which can be held and operated by both right and left hands. The HG1U two-
hand teach pendant shown in figure 6 was developed to meet the new demand. 

 

 

Fig. 7. Enabling switch type comparison 

(A) Operatable by both hands simultaneously  (B) Operatable by one hand only 
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Fig. 8. Enabling switch structure for HG1U teach pendant 

Special attention is required when designing the 3-position enabling switches for 
two-hand teach pendants, because both right and left hands are always in contact with 
the enabling switch. The switch has to be designed to allow only either right or left 
hand to operate the switch at one time, otherwise there is a possibility that the switch 
cannot shift to disabling positions properly when it is supposed to be released or held 
tightly, as illustrated in (A-1) and (A-3). 

The usability problems mentioned above are eliminated in the structure shown in 
figure 8, which can be operated by one hand only at a time. In this structure, the ena-
bling switch shifts to enabling position only when the lever is held lightly by either 
right or left hand and pulled to the side as shown in (B-2), and it can be released with-
out failure when needed, as shown in (B-1) and (B-3). The lever’s shape, height, 
width and length are designed with ergonomic considerations to ensure good usabil-
ity. The lever and the housing have comb-shaped features and have a 0.3mm gap in 
between, to prevent the entry of foreign objects and trapping of fingers. 

In addition to enabling switch, the design of two-hand teach pendant has also 
achieved excellent usability with the following characteristics. 

1. Easy to hold: The operator needs to be able to hold a teach pendant for a long time 
without developing fatigue. The protector installed around the teach pendant 
touches the back of the hands lightly, making it possible for the operator to keep 
holding the pendant comfortably without stress. 

2. Easy to operate: The operator needs to be able to press the keys easily while hold-
ing the teach pendant. The keys are arranged in positions where the thumb of right 
and left hands can approach easily. 

3. Robustness: The operator might drop the teach pendant accidentally. The teach 
pendant withstands free-fall from 1.5m without damage. 

As explained above, we have developed the standardized two-hand teach pendant 
that provides excellent operational safety and usability that ensures comfortable and 
stress-free operation. 
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Table 2. Comparison of wireless and wired teach pendants 

 

4   A Study on Wireless Teach Pendant for Large Robot Systems 

Because large systems such as welding robot and paint robot handle information of 
large volume, they require large-size teach pendant equipped with many keys. The 
more display information and optional functions must be processed, the thicker and 
heavier the cable becomes. Also, large systems necessitate operators to move around 
in wider area, requiring longer cables and resulting in lower portability of teach pen-
dants. There is a growing demand for wireless teach pendants. 

Wireless teach pendant is effective not only in large systems but also in systems 
using multiple and mobile hosts such as service robots. Table 2 shows the comparison 
of wireless and wired teach pendants. 

As the table shows, wireless teach pendants have the following advantages in 
usability. 

• God portability. Can be used anywhere without a concern of distortion/toppling 
over/stepping on the cable. 

• No cable replacement. 
• Good flexibility. Responds to layout change quickly. 
• Hosts can be changed easily by re-login. 
• Can be used with mobile hosts such as service robot by remote connection. 

There are also challenges for achieving practical usage of wireless teach pendant as 
follows. 

• Because safety signals from enabling switch and emergency stop switch are sent 
wirelessly, reliable communication and fast response speed are required for safety. 

• Stable communication for preventing robots from stopping every time when a 
communicational error occurs. 

• Small and energy-efficient design. 
• Proper communication distance according to system size. 

As the project entrusted by the Ministry of Economy, Trade and Industry, Japan, 
we have been engaged in the “Development Project of Next-generation Intelligent 
Robot Technology.” The purpose of the project is to realize efficient teaching,  
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Fig. 9. Next-generation robot system using the wireless teach pendant under development 

improved productivity, and good usability in workplaces using robot systems. The 
effort to realize efficient teaching includes the study of teach pendants that can handle 
a camera’s image data, which requires wireless system as shown in figure 9. As ex-
plained, we have been making efforts to establish reliable and stable wireless commu-
nication for achieving the practical use of wireless teach pendants of excellent safety 
and usability. 

5   Conclusion 

For the purpose of standardizing teach pendants, we have developed one-hand small 
teach pendants for small robots and also two-hand small teach pendants with enabling 
switch of innovative structure. We have also studied the effectiveness of using wire-
less teach pendants used in large robot systems. We will continue working on wireless 
communication technology of both safety and good usability, in order to develop the 
standardized wireless teach pendant in applications not only of large robot systems 
but also small robot systems. We will also continue making efforts for the goal of 
establishing the optimum HMI environment that assures stress-free and comfortable 
working environment for operators. 
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Abstract. Modern enterprises are forced to constantly improve ways of man-
agement and to introduce changes. One of the changes is a alteration of organ-
izational culture and acceptance of participation of employees in designing and 
implementing new solutions. Striving for general improvement of system effi-
ciency involves joint design of technical and social systems to achieve the best 
fitness to goals and requirements of system and its parts possible. Not only tech-
nical objects, but also workers and workplaces (work environment) require keeping in 
good condition. Such approach to maintenance stresses human importance and work-
ers place in systems they work in. It also stresses necessity for not engineers, but also 
quality and ergonomics experts as well as technical objects users to involve into main-
tenance actions and processes. The paper presents potential of participatory ergonom-
ics to maintenance quality improvement use.  

Keywords: maintenance, participation, participatory ergonomics, stakeholders. 

1   Introduction 

Improvement is an undertaking striving for gaining extra benefits for both, organization 
and its customers. Usually in literature on the subject, the term is presented in pro-
quality activities context – ‘continuous improvement’ and most authors associates the 
term with Japanese methods of effectiveness and efficiency of organization activities for 
the benefit of internal and external customers improvement. According to the definitions 
by S. Piersiala and S. Trzcielinski presented in [1], continuous improvement is planned, 
organized and systematic process of continuous change for the purpose of losses elimi-
nation/limitation, as well as productivity and competitiveness improvement, requiring 
commitment of employees on all the levels of organization structure. 

Hence, improvement is solving problems, which are both, discrepancies (differ-
ences) between requirements and results (effects), and searching for opportunities/ 
possibilities to improve effectiveness and efficiency of actions and processes [2]. Thus, 
to improve, the knowledge of processes (or objects analysed) and of methods and tools 
that can be applied, as well as skills in using them, is necessary. 

In contemporary company the maintenance function has become an integral part of 
the overall profitability of an organization. It has been proven that with no doubt main-
tenance as support function in businesses is crucial for companies performance and new 
strategies i.e. lean manufacturing, just-in-time production, total quality control and  
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six-sigma programs implementation (see: [3], [4], [5], [6], [7]). Thus, improving levels 
of utility and efficiency of actions and process performer in UR system [8] is necessary. 
Many organisations tend to adopt the proactive maintenance philosophies such as total 
productive maintenance (TPM) and reliability-centered maintenance (RCM), since these 
approaches are committed to long-term improvement of maintenance management. The 
basic rules of contemporary maintenance concepts/ approaches (TPM, RCM, etc.)  
include:  

• Top managers commitment,  
• Team work, active communication and cooperation between all the interested parties (par-

ticipation), 
• Pro-preventive orientation, based on searching for and eliminating potential threats 

and their causes,  
• Trainings and qualifications and skills of employees improvement, 
• Joining operators in maintenance actions, delegating responsibilities and powers,  
• Methods of work, work environment and safety improvement. 

The goal of the paper is to present opportunities and potential benefits from quality 
of maintenance improvement (from both internal and external perspective) that can be 
achieved with participatory ergonomics. 

2   Participation Aspects 

Improving quality and efficiency of actions and processes of maintenance system re-
quires joint (combined) design of technical and social subsystems1. Not only technical 
objects (tools, machines etc.) should be kept ‘in shape’, condition of work environment 
and people performing processes – company’s employees, is even more important. The 
approach to maintenance presented above is human-centric, focusing on  
people and their place in the system analysed. It also stresses the necessity to join ex-
perts on quality and ergonomics, and not only engineers, in maintenance improving 
actions. Safety, satisfaction of employees, quality of professional work and mood (dis-
position) of employees are positively synergetic in maintenance system, which means 
that total efficiency of a system is much bigger than a sum of its parts (components).  

Contemporary concepts of maintenance management show necessity to join all the 
process parties and performers in improving actions, they stress importance of par-
ticipation and team work. 

Wenger [9] refers to participation as ‘a process of taking part and also to the rela-
tions with others that reflect this process’. It is a complex process that includes, for 
example, doing, talking, thinking, feeling and belonging. Participation involves ac-
tion, e.g., talking with someone, and connection, e.g., feeling that one takes part. 

Participation method is more and more often used in companies to improve ergo-
nomics of work and workplaces – participatory ergonomics. It is an important factor 
promoting initiatives of employees and high efficiency in implementing actions  

                                                           
1 Maintenance system is socio-technical (social subsystem includes individuals (people) and 

social groups, organizational culture they create, as well as goals, tasks and organizational 
strategy, while technical subsystem includes machines, tools and Technologies, as well as ac-
tions taken to perform the tasks). 



 Participatory Ergonomics as a Method of Quality Improvement in Maintenance 155 

improving work methods, work conditions and risk management (see: [10], [11], 
[12]). The literature presents numerous definitions of participatory ergonomics (see 
[13], [14], [15], [16]). The common characteristic is that in a change process, atten-
tion is paid explicitly to the role of participants [17]. Participants of improving 
changes can be divided into two groups: internal stakeholders, including: 

• top management, their commitment and role is usually strategy, goals and budget 
definition (when changes are local and not cost-generating, the top-management 
role is small), 

• middle management, usually regarded as the head of the department where the 
changes really took place, 

• employees, their commitment is crucial for success of the project/ undertaking, 
They know how the work is done normally and how the improvement works with 
respect to their typical work. They are necessary when it comes to taking decisions 
on changing work method or realisation or implementing new organisation because 
they usually know what is wrong and how to implement changes, 

• experts, they are necessary at the stage of problem analysis, solution choice and 
solution testing, 
and external stakeholders, including: 

• facility management, sector organizations, clients and suppliers, they define their 
requirements, show necessity to implement changes, provide knowledge and skills 
(f.ex. trainings). 

Their role and commitment in particular stages of participatory improving changes 
design can be different. According to [17] in participatory ergonomic project, ergo-
nomists and employees play an essentials role in the improvement process (‘ergono-
mists (or other experts working on work improvement) are involved, because they add 
a new realistic vision and employees are involved because of changes in their work—
and they may know best what and how to change’). 

Though the role of ergonomists and employees is indisputable, nowadays the role 
of facility management, sector organizations, clients and suppliers in initiating im-
proving changes in organizations they cooperate with is more and more often appreci-
ated and stressed in business practice. 

3   Maintenance Stakeholders and Their Requirements 

Maintenance system is a set of organizational units and relations between them de-
fined by maintenance processes accordingly to technologies accepted and used. Com-
bination of maintenance actions and repeated actions striving for processing inputs 
into outputs is a maintenance process (ISO/IEC 15288 (2002)). Applying process ap-
proach to organize maintenance system actions allows to meet the most important 
needs of contemporary organization: pro-customer orientation (in maintenance case it 
is direct orientation on internal client and indirect orientation on external client), 
changes implementation (improvement) and barriers between departments crossing 
(maintenance actions are performed not only by maintenance department employees, 
but also production, supplies an some other department employees) [18]. 

The ISO 9000:2005 standard defines clients as ‘an organisation or a person receiv-
ing the product’. The definition by Juran and Blanton [19] is wider, as it defines client 
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as ‘anyone who is affected by the product or by the process used to produce the prod-
uct’. Clients (both internal and external) are also stakeholders (stakeholders – person or 
group having an interest in the performance or success of an organization (example: 
customer, owners, people in an organization, suppliers, bankers, unions, partner or soci-
ety) (ISO 9000:2005). In the following paper, when analyzing an organization as a sys-
tem (a set of elements and relations between them) the term ‘stakeholder’ will be used 
instead of the term ‘client’ as to improve maintenance quality it is necessary to identify 
stakeholders interested in maintenance system, as well as relations between them since 
they are supposed to enable appointing a common, general goal and motivate to active 
cooperation – participation – striving for the goals appointed achievement.   

Maintenance should be analysed in two perspectives: 

• internal perspective, in which maintenance system is analysed in reference to meet-
ing obligations towards employees (process performers) and other internal proc-
esses of the company (maintenance system in the aspect of processes performed by 
the company and relations between them – processes aspect)2, 

• external perspective, in which maintenance system is regarded as management 
system and analysed in reference to meeting obligations towards environment as 
well as values, methodologies and tools used to perform management functions. 

Maintenance internal perspective is a perspective of internal stakeholders while 
external perspective is a direct perspective of external stakeholders and indirect per-
spective of internal stakeholders. Taking both perspectives into consideration allows 
to identify present and future (potential) problems and to choose proper tools sup-
porting their solution, and thanks to stakeholders identification it allows to build re-
sponsible and competent teams. 

Importance and positive influence of internal perspective of maintenance improv-
ing project is widely discussed in literature on the subject, external perspective is 
taken into consideration only in a small degree.  

3.1   Internal Maintenance Perspective 

Maintenance exists, because disregarding the branch of a company and products it 
provides, it has resources (technical objects) which need to be maintained. Maintaining 
means making the technical object perform tasks and actions defined by their user. 
Hence, the goal of maintenance is guaranteeing that technical objects fulfill their func-
tions and their performance meets the requirements of their operators. Realization of 
the goal above mentioned depends mostly on active participation and commitment of 
the operators (employees) and managers. 

As maintenance system works for internal clients, the goal of maintenance should 
be defined to meet general requirements of internal client and then decomposed to 
meet specific requirements of maintenance processes and workstations (as presented 
in Figure 1), where: 

P1, …, Pn – maintenance processes, 
S1, …, Sn – workstations. 

                                                           
2  „Internal client’s satisfaction provides perfect quality, because if an organisation meets the 

needs of its clients and enables its internal clients performing their tasks, then the organisa-
tion (the net of internal clients) cooperates for clients (internal and external) [20]. 
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Fig. 1. Maintenance goals structure 

Goals identified and presented to the employees, along with necessary resources 
provided and properly managed, are maintenance tools. 

Continuous integration of enterprise management systems is the reason why main-
tenance systems lost organizational autonomy they had so far and became an element 
of internal chain of stakeholders: production – quality – maintenance [21] (relation 
presented in Figure 2). 

As the requirements of the internal system’s stakeholders are continuously changing, 
the goals are changing as well. The changes include time, processes realization and 
working conditions [22]. The concept of “working conditions” consists of two dimen-
sions: “conditions of work,” describing the practical conditions under which people 
work and cope with a specific technical and organizational environment, and “condi-
tions of employment,” describing the rules and status under which people are employed 
and trained. 
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Fig. 2. Maintenance and internal stakeholders 
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The result of actions improving working conditions is employees’ well-being, which 
includes job satisfaction, motivation, organizational commitment and job involvement. 
Each well organized, goal-oriented process in which people take part, should provide 
human well-being as one of its outputs, hence processes are performed by people and 
their improvement is mostly in exploiting people’s capacity and turning from simple 
communication to interactive communication and commitment – participation (com-
munication is critical to achieving genuine participation). Each of the stakeholders 
should be aware not only of realization of goals of processes take part in, but also of 
processes of suppliers and clients, as they are internal stakeholders. Internal quality of 
services is interpreted with people’s attitude to each other and the way they help one 
another. It is one of the aspects of quality culture of organizations, culture inside or-
ganization influences how the services for its employees are performed. 

By including internal perspective of maintenance, quality and ergonomics into im-
proving actions better integration of human and systems is provided and the central 
role of the user in systems design is stressed. A key principle of participatory ergo-
nomics is that workers are the experts in what they do. Therefore, maintenance work-
ers should be involved in the identification and analysis of hazards in the workplace, 
and the development of solutions that could reduce these hazards. 

Work environment plays the main role in preventing discordances and in provoking 
discordances in maintenance system. The factors provoking maintenance discordances 
are believed to be: procedures (f. ex. complex, unrealistic, out of date and out of 
range), equipment (f. ex. Lack of proper equipment, equipment that does not meet re-
quirements), knowledge (f. ex. lack of knowledge, trainings, experience), work organi-
zation (f. ex. problems with communication between workers, lack of teamwork), time 
pressure (f. ex. rush, misdefined maintenance schedules), however designing and real-
izing trainings can limit the mistakes and failures above mentioned and their conse-
quences as well. To achieve this, it is necessary to build teams and support their work 
with experts, both internal and external, advice. 

An example: 

A middle-sized company of mechanical branch employs 123 workers. In the com-
pany, two teams were appointed, both including production workers and maintenance 
workers. There was also safety and hygiene of work expert taking part in both teams’ 
works. For both teams he organized and realized training on workplace hazards and 
risk connected with their previous routines. The task for the teams was to analyse ac-
tions (workplace preparation) as they were realized so far. There were two meetings 
every week in three months time. After each meeting a report including suggestions 
for changes and potential benefits was prepared. The outcome of teams work was 
following: 

• Analysis of hazards and potential risks during operations, thanks to which unneces-
sary actions were identified, operations order was changed and necessary tools 
were identified, as well as supervision rules, 

• Modification of old reports and the way they were filled in, rules of communica-
tion process in case of failure existing or potential (expected), 

• Responsibilities ranges for operators were developed, as well as instructions for 
workplaces (for both, operators and maintenance workers). 



 Participatory Ergonomics as a Method of Quality Improvement in Maintenance 159 

Result of changes implemented were assessed on the meeting of both teams after six 
months. According to employees, they believed in possibility to implement changes 
themselves and they were ready to accept more responsibility. Employees have learned 
to evaluate the improvements and are able to choose and evaluate the consequence of 
changes in the workstation and organization. The work and environment limit some 
possibilities, but the employees have enough control to change the work. They tested 
various new ways of working and workstations, and could experience how it works. 
This positive experience could have played a role in the success. 

3.2   External Maintenance Perspective 

Improving quality of actions and processes in organizations should closely connected 
with needs and expectations of external stakeholders as the performance of an organiza-
tion depends upon the interaction between business functions and stakeholders both 
within and outside of the company. External integration of processes performed by a 
company becomes the more important, the more important supply chain in which the 
company takes part in is. Organization’s ability to provide clients with products meeting 
their requirements is as important as product’s technical features, and the ability seems 
to accurate infrastructure and competent, satisfied workers. Organization’s stakeholders 
are, in many cases, integrators of engineering best practices, and they believe sharing 
knowledge and improving supply chain processes are their duties. 

In food branch companies, pharmaceutical companies and automotive industry 
stakeholders participation is a common standard, and training programmes are oriented, 
besides from technical issues, also on building proper relations between stakeholders, 
care for work environment and quality of life at work. Participation of ergonomics and 
quality are believed to be the basic element of delegating and receiving responsibilities 
and rights of workers. Consequence in ‘managed development’ realization is reflected 
in the following sentence ‘my benefit is your benefit’ and in the following question 
‘what can be done to make me happy thanks to your satisfaction?’. 

4   Summary 

The paper presents two aspects of including participatory ergonomics to maintenance 
quality improving set of methods. The first aspect is internal perspective of mainte-
nance and its place in he structure of processes performed by a company. The second is 
the external perspective, in which maintenance system and its improvement is strictly 
connected to needs and expectations of external stakeholders. Because of growing im-
portance of relations between an organization and its stakeholders (f. ex. in food and 
pharmaceutical industry), the second perspective seems to be very important. Though 
initially maintenance seems to be important for stakeholders only indirectly, author’s 
work as an expert in design, implantation and exploitation of pro-quality systems and 
as an auditors in stakeholders audits has proven that most of discordances and notices 
is on infrastructure supervision not only in technical, but usually in social aspects. The 
consequence is increasing commitment of stakeholders in internal processes improve-
ment. Teams of workers, initiated by organization partners, in which experts appointed 
by organization partners participate in changes implementation, are more and more 
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common. Managers usually do not speak on participatory ergonomics, but they use it. 
The most important is that thanks to changes implemented in participative way compa-
nies build new organizational culture based on awareness of common goals, responsi-
bilities and competences, in which workers feel safe (both physically and psychically) 
and are appreciated.  
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Abstract. This paper presents a reflection on the future of ergonomics and a 
clear position for the use of prospective in this discipline. We propose to struc-
ture ergonomic activities around corrective, preventive (design) and prospective 
ergonomics, where the latter looks forward in time to defining human needs and 
activities so as to create human-centered artifacts that are useful and provide a 
positive user experience. The place of prospective ergonomics is upstream of 
projects, before a problem or request is raised by a client, and before projects 
exist. We describe several characteristics of prospective ergonomics and com-
pare them with those of corrective and preventive ergonomics. We show that 
prospective ergonomics has major impacts on education and practice, since er-
gonomists should not only be trained as human factor experts but also as strate-
gists to reflect on the future and as project managers. Prospective ergonomics 
requires the “intelligence analysis” of a lot of data and experts’ opinions, as 
well as perspicacity, intuition, creativity, motivation and initiative. It represents 
a huge potential for the advancement and evolution of ergonomics and for the 
achievement of its full maturity. 

Keywords: Corrective ergonomics; Preventive ergonomics; Prospective ergo-
nomics; Design; Human-centered projects. 

1   Introduction 

In this article we present a reflection on the future of ergonomics and we take a clear 
position for the use of prospective in this discipline. We reconsider the classification of 
ergonomic activities in two large categories that are commonly mentioned by authors 
and that correspond to corrective and preventive ergonomics. We propose to define 
three categories of activities around corrective, preventive, and prospective. This exer-
cise is not only academic since we believe it may have a major impact on our discipline. 
Above all, it allows us to emphasize a new type of activity that should be promoted in 
our field: the prospective. In the new classification, we continue to use corrective  
ergonomics whose role is clear and consistent among authors. We use preventive ergo-
nomics to cover all design activities that were included so far in what authors called 
prospective ergonomics, and we add prospective ergonomics with a new content en-
tirely related to prospective.  
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In the earlier classification, there was almost complete overlap between design and 
prospective. Authors considered that design is prospective since one is searching for 
new ideas, concepts, and solutions that will hopefully lead to the creation of artifacts. 
We have reservations regarding this position because we consider that such overlap 
limits the scope of prospective ergonomics by leaving the prospective completely in 
the shadow. Prospective ergonomics should not be limited to the mining of ideas for 
projects that have already been decided and that exist somehow, almost always due to 
others’ initiative. This corresponds to what we call the defined future. In fact, its 
scope is much larger than that. It should include the search for projects that have yet 
not been decided and that do not even exist, and that might come true due to ergono-
mists’ initiative. This corresponds to what we call the undefined future. The goal of 
the restructuring with the addition of prospective ergonomics is to shed light on the 
challenge of dealing with the future and innovation. 

By so doing, while preserving the current assets of ergonomics for correction and 
prevention (or design), we expand the field of the discipline by pushing the bounda-
ries and discovering a new territory: the prospective. We also enlarge the roles and 
enrich the tasks of ergonomists by giving them new responsibilities and challenges as 
strategists and managers. This major change calls for a debate on the validity of doing 
prospective in ergonomics, and for an analysis of the impacts of this new kind of 
activity on education and practice. Our hope is that our reflection and position in 
favour of the prospective will contribute to the advancement and evolution of ergo-
nomics, and to the achievement of its full maturity. 

The article is structured as follows: we introduce and define prospective ergonom-
ics, we describe its characteristics and compare them with those of corrective and 
preventive ergonomics, and we examine its impacts on education and practice. 

2   Definition 

Prospective is concerned with or related to the future. More precisely, it consists in 
looking forward in time (as opposed to retrospection) through the “intelligence analy-
sis” of several factors (individual, social, cultural, political, economic, scientific, 
technological, environmental) whose relative importance depends on each line of 
business, and of multiple data, experts’ opinions, and scenarios of the future ([3,10]). 
It yields uncertain results because of the difficulty to predict the future. It is used in a 
variety of areas such as consumption, jobs, technology, energy, financial markets, 
movement of people, etc. One can adopt four different attitudes and behaviours when 
facing the evolving future:  

• Reactive: opposing the changes to come and trying to slow, stop, or even reverse it;  
• Passive: taking no positive or negative actions, yielding to or accepting it;  
• Active or proactive: taking positive actions to rapidly adjust and even taking ad-

vantage of the change; 
• Leading: taking positive actions to initiate, orient, drive and even accelerate the 

change to come.  

Prospective ergonomics is obviously related to the future. The scope it was given by 
different authors actually corresponds to that of preventive ergonomics, and it is this 
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restricted prospective ergonomics that they compared to corrective ergonomics. M. de 
Montmollin [6] talks of corrective ergonomics and preventive ergonomics, the former 
for correcting existing artifacts, and the latter “for systems that do not exist yet in real-
ity; it is ergonomics at the stage of project”. He is the only author who uses the term 
preventive (préventif in French) to designate what others call prospective ergonomics. 
Laurig [5] associates “corrective ergonomics” with traditional ergonomics and de-
scribes it as developing “corrections through scientific studies”, whereas “prospective 
ergonomics” corresponds to a more modern approach that brings a more-forward look-
ing concept of design. Later, Laurig & Vedder [7] asserted that “prospective ergonom-
ics means searching for alternatives in work design which prevent fatigue and exhaus-
tion on the part of the working subject in order to promote human productivity (“… for 
the benefit of ourselves and others”). Bubb [2] examines the difference in ergonomics 
between the traditional “a posteriori” design and the modern “a priori” design which 
uses computer-based human models. This observation leads from an earlier “corrective 
ergonomics” to a new “prospective ergonomics”. Finally, Karwowski [4] compares 
“retrospective analysis” to “prospective analysis”, where the former corresponds to 
past-oriented activities (e.g., root cause analysis, cognitive task analysis, ethnographic 
studies) and the latter corresponds to future-oriented activities (e.g., creative thinking, 
evaluation of consequences). The difference between them is consistent with that made 
by previous authors between corrective and prospective ergonomics. 

On one hand, we agree with the common position of these authors concerning a 
broad distinction between a past-oriented corrective ergonomics and a future-oriented 
prospective ergonomics since it is clear enough, it has a high face validity, and it can 
be useful for identifying these two categories of activities. On the other hand, we are 
critical, but also constructive, about the position of these authors concerning the con-
tent and scope of prospective ergonomics. First, there is an overlap between design and 
prospective in their definitions of prospective ergonomics since both are basically 
perceived as looking forward for ideas and concepts. Even though design is future-
oriented, it does not have the same scope and it is not concerned with the same activity 
as prospective. Second, the future is too short-term and the actions are too low level in 
their definitions of prospective ergonomics. They simply correspond to the use of 
modern future-oriented design methods that help designers to do their work. A good 
example of this is the common use of scenarios in human-computer interface design 
[9]. Third, there is no distinction between existing projects initiated by others where 
the ergonomist plays the role of a human factor expert, and non-existing projects that 
will be initiated by the ergonomist and where he/she will play the roles of strategist, 
manager, and human factor expert. Our critiques are about positions that limit too 
much the scope of prospective ergonomics. Our standpoint is that it is different from 
the design activity, it should not be too short-term nor too low level, and it should not 
be limited to already existing projects and to projects initiated by others. Prospective 
ergonomics goes far beyond that. 

Thus, we propose to have a new classification of activities around corrective, pre-
ventive, and prospective ergonomics. In this classification, the content of corrective 
ergonomics is the same as it was in the definitions and explanations given by the 
above mentioned authors. The content of preventive ergonomics focuses on design 
and corresponds to nearly all of what the authors included in prospective ergonomics. 
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The content of prospective ergonomics is redefined since most design activities were 
transferred to preventive ergonomics and since the focus is now on prospective. This 
will be the scope and the niche of prospective ergonomics for the rest of the paper. 

3   Prospective Ergonomics 

Prospective ergonomics can be defined as the part of ergonomics that attempts to an-
ticipate human needs and activities so as to create new artifacts that will be useful and 
provide positive user experience. Different criteria can be used to evaluate the user 
experience, namely well-being, human development, learning, entertainment, pleasure, 
networking, sense making, performance, satisfaction [8]. Its place is upstream of pro-
jects when there is no request or problem brought by a client, and no existing project; it 
corresponds to the very first step of projects such as can be found in various design 
disciplines (e.g., industrial design, engineering, computer science, film making).  

The anticipation of human needs and activities is based on the analysis of numerous 
factors and data, and on scenario planning as it is done in prospective. It requires hav-
ing close contacts with people in their environment in order to be able to observe and 
interview them and collect data on different aspects of their life.  

Prospective ergonomics emphasizes the investigation of the use of artifacts to dis-
cover their strengths and flaws, and sources of satisfaction and dissatisfaction that 
could lead to the improvement of current artifacts or the design of new ones [1]. Fur-
thermore it is human-centered since users should be involved in the anticipation exer-
cise through interviews, observations, surveys, complaints analysis, usability tests, 
emotions evaluations, satisfaction and performance measurements, etc. Finally, pro-
spective ergonomics requires a sharp sense of observation for ergonomists and a great 
deal of perspicacity, intuition, creativity, motivation (with an entrepreneurial mindset), 
and initiative to innovate. 

Prospective ergonomic is multidisciplinary since it relies on the theories, models, 
methods, and tools of human and social sciences (e.g., anthropology, sociology, eth-
nography, demography, psychology, marketing, epidemiology) to define future human 
needs and activities, and on those of computer science and engineering to anticipate the 
evolution and cost of technology that will support future interactive artefacts. 

Prospective ergonomics partially overlaps corrective ergonomics and preventive  
ergonomics, and these two partially overlap, as shown in Figure 1. Design is often re-
quired in corrective ergonomics to conceive and develop solutions. Correction is inevi-
table in preventive ergonomics to change and improve different versions of a design, 
and prospective may apply to both correction and design. For instance, in a specific 
project, one looks forward in time to finding other applications of the solution or the 
design, or other groups of users that could benefit from it. For instance, in a bottom-up 
process, a problem addressed in corrective ergonomics (e.g., sleepiness of truck drivers 
that causes accidents) may generate the development of an innovative solution (e.g., 
head movement recognition system connected to a warning system) that could apply to 
other groups of people with the same problem (e.g., system controllers).  

Prospective ergonomics can operate both in a technology-pull mode and a technol-
ogy-push mode. The former means that human needs precede, stimulate, and orient 
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Fig. 1. Interaction between corrective, preventive, and prospective ergonomics 

the development of technology, whereas the latter means that technology is available 
but has not found applications thus far. Considering the increasing number of computer-
based interactive artifacts that people will be using in the future, and the importance of 
technology in innovation, it can be predicted that most projects that will emerge from 
prospective ergonomics will be strongly influenced by computer technology. 

For obvious reasons, projects that will come out of prospective ergonomics will 
have to go through feasibility tests, cost/benefit analyses, and comparative studies. The 
projects that will be retained after selection will require financial set-up. The commer-
cial dimension is explicit and brings to the fore the need for ergonomists to have man-
agement skills. Despite the unavoidable technical and financial evaluation criteria, 
since these projects are all concerned with future human activities, they should be 
guided by positive values that improve the quality of life. 

Prospective ergonomics is explicitly associated with innovation. Its middle-term and 
long-term temporal coverage, high-level actions, as well as the inevitable role of tech-
nology may create favorable conditions. Even though corrective and preventive ergo-
nomics can also lead to innovation, they are different on this point because innovation 
is not their primary goal, and the solution or design they propose is limited to specific 
projects. 

Prospective ergonomics seems ready to be adopted judging from young ergonomists’ 
reactions. In our teaching, we encounter numerous graduate students coming to human 
factors from different design-oriented disciplines (e.g., industrial design, graphic design, 
engineering, computer science, architecture, information systems). They end up with 
multiple competencies in human factors and in design, engineering, computer science, 
management, and sociology. Some of them, who are both innovative and endowed with 
an entrepreneurial mindset, want to pursue their design activity in human factors pro-
jects. Prospective ergonomics seems natural to them because it offers an opportunity 
both to innovate and have an impact on others’ lifes. 

We end this section with Table 1, which presents a comparison of the main charac-
teristics of corrective, preventive and prospective ergonomics. This will help to have 
an overview of the specificities of each branch of ergonomics. 
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Table 1. A comparison between Corrective, Preventive, and Prospective Ergonomics 

 Corrective 
Ergonomics 

Preventive 
Ergonomics 

Prospective 
Ergonomics 

Temporality: Past Present Future 
Nature of 
work: 

Correction Design  Anticipation 

Starting 
point: 

The request of a client 
(problem to correct) 

The request of a client 
(object to design) 

The initiative of the 
ergonomist (object to 
create) 

Main focus:  The problem to cor-
rect 

The artifact to design  The  needs and activi-
ties to define 

User sample:  Small Variable (depending 
on the project)  

Variable (usually large) 

Associated 
disciplines:  

Anthropometry 
Biomechanics Physi-
ology Psychology  
Engineering Com-
puter science 
Design 

The same + Anthro-
pology 
Ethnography 
Sociology 
Arts 
 

The same as  the two 
previous ones + 
Management  
Marketing 
 

Focus of data 
collection:  

Causes of losses such 
as accidents, inci-
dents, errors, over-
load, etc. 

Users’ responses to 
prototypes and simu-
lations  

People’s complaints, 
needs, expectations, and 
responses to simulations  

Status of the 
human fac-
tors:  

Recovering factor Integrating factor Innovating factor 

Nature of the 
intervention:  

Reactive Active Anticipatory 

Production of 
wealth:  

By reducing or elimi-
nating losses  

By optimizing per-
formance and user 
experience 

By creating new prod-
ucts or services  

Possibility of 
revenues: 

Low  Medium High 

4   Impacts on Education and Practice 

The new scope we give to prospective ergonomics in this paper calls for a revision of 
current educational programs. It is no longer sufficient to train human factor experts 
to correct problems and design artifacts. Even though ergonomics remains their main 
strength, they must also be trained as strategists to look forward in time and be able to 
initiate projects on their own, and as managers to plan, finance, and make these pro-
jects come true. In our opinion, this requires the acquisition of new knowledge in at 
least five areas: prospective (e.g., strategic planning), innovation, product develop-
ment, marketing (e.g., of new technology), and management (e.g., financial set-up, 
project management). The detailed analysis of an enriched educational program in 
ergonomics requires a broad discussion in the human factor community; however this 
falls outside the scope of this paper. 
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The new scope of prospective ergonomics is also expected to have a major impact 
on ergonomists’ tasks since they may choose to become strategists and managers. With 
prospective ergonomics, ergonomists not only do correction and design for specific 
projects, but also search for new ones. They not only work on others’ projects, but also 
on their own. They not only react to requests, but are also proactive with their own 
projects. They not only join design teams and provide human factor expertise, but also 
solicit expertise. They are not only managed by others, but also manage their own 
projects. With these new responsibilities, ergonomists will become more versatile and 
autonomous. These changes in the profession are expected to improve the status and 
recognition of the profession. 

5   Conclusion  

Prospective ergonomics provides ergonomists with the opportunity to play a construc-
tive and active role in the definition of the future. It encourages them to be creative, 
innovative, and inventive, and to initiate and pilot their own human factor projects. It 
represents a great opportunity to expand the field, acquire new skills in prospective, 
innovation and management, enlarge their roles and tasks, and improve the status and 
recognition of the profession. Above all, it allows the discipline to make a giant step 
in its development and evolution and acquire its full maturity.  
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Abstract. Guidelines for older driver-friendly automobile interior design have 
been determined by taking into account older people’s physical and cognitive 
characteristics. Twenty three older people (aged from 54 to 78) and five younger 
people (from 20 to 29) performed several tasks in actual driving conditions, in 
which their reaction times and performance errors were recorded. Some design 
factors were found to be related to older drivers’ visibility and controllability. 
Several design guidelines were proposed in terms of cluster color and font, dis-
play location, and HVAC control type. Proposed guidelines are expected to satisfy 
a wider range of older drivers as these will facilitate automobile interior designs 
which are fitter to older drivers’ visual, cognitive, and manual capabilities. 

Keywords: older driver, automobile interior, automotive ergonomics, visibility, 
controllability. 

1   Introduction 

With the increase in the average length of life, Korea is expected to enter an advanced 
age society in a short time. Generally, older people are those who are aged 65 or older 
according to WTO (World Trade Organization) and UN (United Nations). The aging 
society is where the proportion of older people among its total population is more than 
7%, whereas the advanced age society is where the proportion is more than 14%, and 
the post-advanced aged society with more than 20% of older people in its population. 
Korea has already entered the aging society as of the year 2000 when 7.2% of its  
population aged 65 or older, and recently it has been approaching to an advanced aged 
society very rapidly. Driving tasks are usually harder for older people due to their de-
creased physical and cognitive abilities. Hence, the needs and abilities of older drivers 
should be carefully taken into account when designing automobiles. Studies on older 
drivers’ abilities have been increasing and become vital with the rising number of older 
drivers involved in car accidents in Europe and North America. Relevant studies led by 
Toyota, Honda, and Nissan in Japan are more focused on developing welfare vehicles 
for physically challenged people. Comparatively, studies on older driver-friendly vehi-
cle design in Korea are scarce. 

This study attempted to propose automobile interior design guidelines for older 
drivers in terms of visibility and controllability when interacting with LCD display, 
cluster gauge, and HVAC (Heating Ventilating, and Air Conditioning) controls. 
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2   Experiment 

2.1   Process 

First, this study attempted to find older drivers’ characteristics and interior design 
factors through actual driving tests. Second, simulation tests were performed under 
various design conditions of LCD display, cluster gauge, HVAC and center fascia 
controls. Lastly, older driver-friendly automobile interior design guidelines were de-
termined. Experiments involved older drivers and large-size sedans. 

 
Analysis of older driver characteristics 

  

Analysis of design factors 

  

Generation of design guidelines 

  

Discussion 

Fig. 1. Research process 

2.2   Methods 

Analysis of Older Driver Characteristics 
Twenty three older drivers (aged from 54 to 78) and five younger drivers (from 20  
to 29) performed several tasks and their characteristics and performance data were 
analyzed. Twenty three older drivers were further classified into two groups, one aged 
from 54 to 64 and the other aged 65 or older (the latter was referred to as ‘the older 
driver group’ in this paper). Experiments consisted of actual driving conditions. Par-
ticipants performed tasks according to prescribed task scenarios, while driving an 
experimental vehicle and verbalized their thought using the think aloud method. Their 
task performance was recorded by 4 pin-hole cameras. Three cameras were mounted 
 

 

Fig. 2. Recorded actual driving test 
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at the driver-side center pillar (‘B’ pillar) for videotaping the cluster gauge area, the 
passenger-side front pillar (‘A’ pillar) for recording driver’s reaction, and the left side 
of the passenger headrest for videotaping the center fascia area. The last one was a 
headset type for driver’s visibility. Fourteen specific task scenarios involve interac-
tions with four interior parts (i.e., LCD display, cluster gauge, and HVAC and center 
fascia controls) to analyze the older drivers’ visibility and controllability. Tasks were 
performed during day and at night, and reaction times and errors of subjects were also 
recorded. 

3   Results 

3.1   Performance in Actual Driving 

First of all, a task was performed to find interior parts that were strongly related to 
older drivers’ visibility and controllability. With drivers’ age advanced, longer reac-
tion times and higher error rates were observed when performing tasks in general. In 
terms of reaction time, old driver group took longer time than those aged from 54 to 
64 (7.65s vs. 4.46s). Older people took 3 times longer than younger people. The older 
driver group showed a higher error rate than the other two groups. In other words, 
increased reaction time and error rate were observed with age increasing. 

The older driver group also showed the longest reaction time and the highest error 
rate for functional tasks among three age groups. The results were especially influ-
enced by LCD display, cluster gauge, and HVAC controls. 
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Fig. 3. Task reaction time of three age groups 
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Fig. 4. Task error rate of three age groups 
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Fig. 5. Task reaction time for function of interior 
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Fig. 6. Task error rate for function of interior 

From actual driving tests, differences in driving performance were found according 
to age and function of automobile interior. Somewhat lower driving performance was 
observed at night than in daytime. 

3.2   Analysis of Relevant Design Factors 

From actual driving tests, it was found that LCD display, cluster gauge, and HVAC 
controls influenced older drivers’ visibility and controllability. A further experiment 
was done in the lab environment to determine appropriate levels of design factor of 
LCD display, cluster gauge, and HVAC controls. To find levels of design factors, the 
task performance was measured using actual driving task video in the lab setting. It 
was made up of twelve task scenarios. Task performance was measured in terms of 
reaction time, error rate, and additionally subjects’ satisfaction index was used. 

First, a task involving interactions with an LCD display was performed. Four design 
factors (the display’s lateral angle, vertical slope, height, and degree of protrusion) 
were manipulated. By changing levels of four factors and attaching touch sensors on 
the display, reaction time and error rate for each task were measured. Satisfaction level 
was reported verbally as well as recorded on the questionnaire. 
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Fig. 7. Simulation test setting 

 

Fig. 8. LCD display test setting 

Different task performances were observed between the older driver group and the 
other two groups when the display’s lateral angle was changed. The fastest reaction 
time and the lowest error rate for the older driver group was when the display was lat-
erally tilted 15 degrees toward the driver, whereas this factor showed little influence on 
the performance of the remaining groups. 

Display slope also led to different task performance between the older driver group 
and the other groups. The lowest error rate was observed when display slope was set 
twenty five degrees. When display slope was set fifteen degrees, there was no signifi-
cant different task performance observed between the older driver group and the other 
groups, compared to when twenty five degrees were used. However, satisfaction index 
was a little higher for the older driver group with the display slope of fifteen degrees. 
Though higher display location was associated with higher satisfaction level, there was 
little task performance difference between groups. Desirable display height was found 
to be about 50mm higher than the initial location. There was little significant perform-
ance difference in terms of display protrusion level. Only for the older driver group, 
increased protrusion level led to decreased error rate and increased reaction time. 

A second simulation test was performed with HVAC controls. HVAC controls 
were classified into three types (i.e., mode, dial, and switch types). The mode type 
had different ventilation direction controls than the switch type; The latter comes with 
one-switch, one-direction controls, while the former had one-switch, multi-direction 
controls. LED was added to the mode type HVAC control and traditional color-
coding was used for temperature (i.e., Red for increasing temperature, and blue for 
decreasing temperature). HVAC control type was associated with different perform-
ance. A faster reaction time and the lowest error rate were found when using the 
switch type HVAC control, which was rated most intuitive by the participants. 
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Fig. 9. Three HVAC control types (mode, switch, and dial types) 

Lastly, cluster gauge visibility was tested using a total of eight different cluster 
films that varies by color (4 levels: white, blue, red and orange) and font (2 levels: 
type A and B). Type B font came from a bestselling large sedan in the USA. 

  

Fig. 10. Examples of cluster prototypes used (white and orange background colors) 

Generally, a letter can be designed with a different width, space between letters, 
thickness, and font type and so on. The letter width and space between letters used for 
the car B were 3mm and from 0.5 to 1mm, respectively, while those of the car A were 
4mm and 0.5mm. Letters of the car A cluster were hence thicker and wider than those 
of the car B. 

5㎜

5㎜

Car B
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5㎜

Car B

Car A

 

Fig. 11. Comparison of cluster gauge letters 

In conclusion, increased reaction time and error rate and decreased satisfaction 
were observed when the red-colored cluster was used for the older driver group. In-
creased satisfaction was associated with the white-colored cluster for the older driver 
group, and with the white-colored and the blue-colored cluster for the other two 
groups. And in the case of the older driver group, faster reaction time was observed 
with the car A cluster. Letter thickness and wide space between letters used in the car 
A cluster seems to be associated with this result. Additionally, some subjects misper-
ceived ‘6’ used in the car B cluster as ‘8’. 



176 J. Ryu et al. 

3.3   Design Guidelines 

1. LCD display height is recommended to be placed about 50mm higher than consid-
ered for the car B, and the display should be slanted in fifteen to twenty five de-
grees. Visibility and controllability can be further improved when the display could 
be tilted 15 degrees toward the driver. 

2. HVAC controls should be designed using proper switch types which are intuitive 
the older drivers. Additionally, adding the red and blue color on the switch im-
proves visibility and controllability. 

3. In the case of the cluster gauge, white and/or blue color, and letter thickness of 
1mm are recommended. Also, the length and width ratio of a letter should be set to 
5:7 to improve readability. 

4   Conclusion 

Several guidelines for older driver-friendly automobile interior design have been de-
termined by taking into account older people’s physical and cognitive characteristics. 
Some design factors related to older drivers were determined through the actual driv-
ing test. Design guidelines for LCD display, cluster gauge, and HVAC controls could 
be proposed through the simulation test. Further study will be needed with more par-
ticipants. The results from the current study will contribute to increasing the older 
drivers’ safety and convenience, and will help to meet their needs. 
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Abstract. We carried out two experiments to explore the relationship between 
the frequency characteristic of pupil diameter variability and emotional state 
under various types of workload. The workload required the subjects to listen to 
spoken words and categorize them. The difficulty of the task was adjusted by 
changing the time interval of the stimulus presentation in Experiment 1 (time-
based task) and the number of categories in Experiment 2 (cognitive-based 
task). Pupil diameter was monitored and recorded using an infrared video cam-
era while observers were performing the tasks. In both experiments, a signifi-
cant correlation was observed between the frequency characteristic of pupil  
diameter variability and emotional state. Our results indicated the frequency 
characteristic of pupil diameter variability to be a potentially useful index for 
evaluating mental stress. 

Keywords: Pupil diameter, audio stimuli, psychological state, variability in  
pupil diameter 

1   Introduction 

Technological progress in computer and information systems is delivering higher 
system performance and an increasing range of functions, but on the other hand, their 
growing complexity causes increased mental stress during use. Further development 
of these systems will require an easy-to-use human-machine interface (HMI) to be 
developed. Measurement of mental stress will be an essential element of this process. 
Current methods of evaluating mental stress depend chiefly on subjective responses, 
in spite of these responses often showing considerable variation among individuals. 
Thus, an objective measurement method of mental stress is needed to improve the 
accuracy and usefulness of evaluations of HMI.  
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Previous studies of objective estimation of users’ psychological state have utilized 
physiological indices, including heart rate (HR) variability, brain waves, and galvanic 
skin response (GSR). However, wearing the various electrodes and sensors needed for 
measuring these vital signs may be stressful in itself. One solution to reducing user 
stress during measurements may be to monitor pupil diameter (PD) using a remote 
infrared video camera. Pupil diameter is controlled by the autonomic nerve system, as is 
the heartbeat; and it has been shown that in humans, patterns of change in pupil diame-
ter are closely related to psychological state, especially mental stress. In this study, we 
explored the relationship between emotional state and pupil diameter variability under 
various types of workloads using a remote video camera. We also attempted to explore 
the relationship between heart rate (HR) variability and pupil diameter (PD) variability 
to confirm the validity of using PD variability as an evaluation index of psychological 
stress. 

2   Experiment 1: Task with Time Pressure 

 In Experiment 1, pupil diameter (PD) and heart rate (HR) were monitored while the 
subjects performed the categorizing tasks following the audio stimuli presented at 
different time intervals. These stimuli induced different levels of psychological stress 
in the subjects. 

2.1   Methods 

Subjects: Six adults aged from their 20s to 50s participated in this experiment. 
 
Measurements: The following items were measured as indices of the psychological 
stress experienced by the subjects: the subjective evaluation of psychological state 
through interviews, the pupil diameter (PD) as monitored by an infrared video camera, 
and the heart rate monitored by an electrocardiogram (ECG). Heart rate (HR) variabil-
ity was obtained from a time series of R-R intervals. In this study, we adopted LF/HF 
ratios of PD and HR variabilities as indices of frequency characteristics. LF/HF was 
defined by the power ratio of the low frequency band (LF: 0.04–0.15 Hz) to that of the 
high frequency band (HF: 0.15–0.5 Hz), calculated by employing FFT analysis [1] [2]. 
It was assumed that the LF/HF of PD variability might reflect the level of sympathetic 
nerve activity in the same way as does the LF/HF of HR variability. 
 
Apparatus: Subjects sat in a chair and performed tasks in a dark room. The subjects 
had to fixate steadily at a point presented on the screen, and their pupil diameter was 
monitored and recorded by eye movement measurement equipment comprising an infra-
red video camera (Arrington Research, ViewPoint EyeTracker, Sampling rate 60 Hz). 
To measure the pupil diameter precisely, the head of the subject was anchored with a 
head and chin rest. Auditory stimuli were generated by a PC (Apple, MacBook) and 
presentation software (Cedrus Corporation, SuperLab 4.0) and presented via noise can-
celing headphones (Bose). Subjects responded to the task using a keyboard (Cedrus 
Corporation, RB-530 Response Pad). 
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Fig. 1. Power spectrum of LF/HF (PD) at 1 s 
for S1 (Experiment 1) 

Fig. 2. Power spectrum of LF/HF at 3 s for 
S1 (Experiment 1) 
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Fig. 3. Power spectrum of LF/HF (PD) at 5 
s, for S1 (Experiment 1) 

Fig. 4. Average of LF/HF (PD) at 1 s, 3 s 
and 5 s (Experiment 1) 
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Fig. 5. Power spectrum of LF/HF (HR) at 1 
s, for S1 (Experiment 1) 

Fig. 6. Power spectrum of LF/HF (HR) at 3 
s, for S1 (Experiment 1) 

Procedure: The subjects performed the categorizing tasks in response to audio stim-
uli presented at different time intervals (1, 3 and 5 seconds). Pupil diameter (PD) and 
heart rate (HR) were monitored throughout the trial. These stimuli induced psycho-
logical stress in the subjects. Their task was to answer whether the word presented via 
the headphones belonged to the specified single category or not. There were 6 catego-
ries: Vegetables, Fruit, Fish, Insects, Birds, and Mammals. Each trial lasted about 60 
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Fig. 7. Power spectrum of LF/HF (HR) on 5 
s, for S1 (Experiment 1) 

Fig. 8. Average of LF/HF (HR) on 1 s, 3 s 
and 5 s (Experiment 1) 
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Fig. 9. Score for subjective assessment of 
psychological state (Experiment 1) 

Fig. 10. Correlation between LF/HF (PD) 
and ‘time-pressure’ (Experiment 1) 
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Fig. 11. Correlation between LF/HF (PD) 
and ‘anxiety’ (Experiment 1) 

Fig. 12. Correlation between LF/HF (PD) 
and LF/HF (HR) (Experiment 1) 

seconds. During each trial, the time interval between each test word was set at a con-
stant value of 1, 3, or 5 seconds. After each trial, the subject gave a subjective evalua-
tion of their psychological state (‘arousal,’ ‘activity,’ ‘time-pressure,’ ‘irritation,’ and 
‘anxiety’), on a score of 0 to 10. The order of the time interval tested was changed for 
each subject. 
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2.2   Results 

PD variability: Figures 1, 2 and 3 show the power spectrum of PD variability for the 
conditions of 1 s, 3 s and 5 s for subject S1, respectively. In the case of workload stress 
for 1 s, the power spectrum of PD variability peaked at around 0.1 Hz (Fig. 1). That for 
the 3-s condition peaked at around 0.15 Hz (Fig. 2), and that for the 5-s condition 
peaked at around 0.2 Hz and 0.32 Hz (Fig. 3). The maximum of peak frequency at 5 s 
shifted to higher frequency than that for 1 s and 3-s conditions. Figure 4 shows the 
average LF/HF of PD variability across six subjects for each time interval. There was 
no significant difference in the LF/HFs. 
 

HR variability: Figures 5, 6 and 7 show the power spectrum of HR variability for the 
conditions of 1 s, 3 s and 5 s respectively for subject S1. In the case of workload 
stress at 1 s, power spectrum of heart rate variability peaked at around 0.08 and 0.2 
Hz (Fig. 5). That for the 3-s and 5-s conditions peaked at around 0.2 Hz (Fig. 6) and 
around 0.20 Hz (Fig. 7), respectively. Figure 8 shows the average LF/HF of HR vari-
ability across six subjects for the 1-s, 3-s and 5-s time intervals. There was no signifi-
cant difference in the LF/HFs. This is probably due to the large individual differences.  
 

Subjective evaluation of psychological state: Figure 9 shows the average scores of 
subjective evaluation of psychological state across eight subjects. The horizontal axis 
indicates the psychological state items, and the vertical axis indicates the score. For 
all the items, the scores tended to be higher for the 1-s condition. The score for ‘time-
pressure’ for the 1-s condition was significantly higher than that for 3 s (p < 0.01) and 
also higher than that for 5 s (p < 0.05).  
 

Correlation among LF/HF of PD variability, LF/HF of HR variability and Sub-
jective evaluation of psychological state: A significant correlation was observed 
between the LF/HF of PD variability and the score for ‘time-pressure’ (p = 0.02, r = 
0.5273) (Fig. 10) and between the LF/HF of PD variability and the score for ‘anxiety’ 
(p = 0.03, r = 0.4895) (Fig. 11). Moreover, a significant correlation was observed 
between the LF/HF of PD variability and that of HR variability (p < 0.01, r = 0.6119) 
(Fig. 12). 

3   Experiment 2: Task with Cognitive Load 

In Experiment 2, pupil diameter (PD) and heart rate (HR) were monitored while the 
subjects performed categorizing tasks in response to audio stimuli with varying speci-
fied numbers of categories. These stimuli induced different levels of cognitive stress 
in the subject. 

3.1   Methods 

Subjects: Six adults aged from their 20s to their 50s participated in this experiment. 
All the subjects had taken part in Experiment 1.  
 

Measurements: Subjective evaluation of psychological state through interviews, 
pupil diameter (PD) monitored by infrared video camera and heart rate (HR) moni-
tored by electrocardiogram (ECG), as in Experiment 1. All the apparatus used in this 
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experiment was the same as in Experiment 1. The LF/HF of PD variability and that of 
HR variability were also calculated in the same way as in Experiment 1.                       
 

Procedure: The subjects performed the categorizing task in response to audio stimuli. 
The time interval was set at a constant 2 seconds in all trials. Each trial lasted about 
70 seconds. The number of categories to which the word might belong was set at 1 
(level 1: 1L), 2 (level 2: 2L), 3 (level 3: 3L) or 4 (level 4: 4L). Increasing the number 
of categories raised the level of cognitive-task difficulty. We used the same categories 
for the task as in Experiment 1: Vegetables, Fruit, Fish, Insects, Birds, and Mammals. 
After each trial, the subjects made a subjective evaluation of their psychological states 
(‘arousal,’ ‘activity,’ ‘time-pressure,’ ‘irritation,’ ‘anxiety’), on a score of 0 to 10. The 
order of cognitive load levels was changed for each subject.  

3.2   Results 

PD variability: Figure 13, 14, 15 and 16 show power spectra of PD variability for the 
conditions of 1L, 2L, 3L and 4L for subject S1. In the case of a workload level of 1L, 
the power spectrum of PD variability showed a peak value around 0.18 Hz (Fig. 13). 
In the case of a workload level of 2L or 3L, the peak frequency was around 0.15 Hz 
(Fig. 14, Fig. 15). For a workload level of 4L, the peak frequency was around 0.08 Hz 
(Fig. 16). The peak frequency of power spectrum of PD variability tended to shift to a 
lower frequency on increasing the level of cognitive load. There was no significant 
difference in the average LF/HF of PD variability across the six subjects during the 
present task with different levels of cognitive load. (Fig. 17).  
 

HR variability: There was no significant difference in the average LF/HF of HR 
variability across the six subjects for different conditions of cognitive load (1L, 2L 3L 
and 4L) (Fig. 18). However, the LF/HF of HR variability showed wide variation 
among subjects. 
 

Subjective evaluation of psychological state: Figure 19 shows the average scores of 
subjective evaluations of psychological state across eight subjects. The horizontal axis 
indicates the items of psychological state, and the vertical axis indicates the score. For 
all items except ‘time pressure,’ the scores increased as the level of cognitive work-
load increased.  
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Fig. 13. Power spectrum of LF/HF (PD) on 
1L for S1 (Experiment 2) 

Fig. 14. Power spectrum of LF/HF (PD) on 
2L for S1 (Experiment 2) 
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Fig. 15. Power spectrum of LF/HF (PD) on 
3L for S1 (Experiment 2) 

Fig. 16. Power spectrum of LF/HF (PD) on 
4L for S1 (Experiment 2) 

Correlation among LF/HF of PD variability, LF/HF of HR variability and Sub-
jective evaluation of psychological state: There were no significant correlations 
observed between the LF/HF of PD variability and each of the other two measured 
indices (the subjective score of psychological states and the LF/HF of HR variability). 
According to our previous study [4], it is possible that the optimum frequency bands 
for defining LF/HF of PD and HR variability depend on the kind of task. For calculat-
ing the LF/HF shown in Fig. 17, we used 0.04–0.15 Hz for the low frequency band 
(LF) and 0.15–0.5 Hz for the high frequency band (HF) as in Experiment 1. Here, we 
recalculated the LF/HF of PD and HR variability using adjusted bands as follows: 

Definition A: (LF: 0.08–0.18 Hz, HF: 0.18–0.5 Hz) 
Definition B: (LF: 0.08-0.20 Hz, HF: 0.20-0.5 Hz) 
Definition C: (LF: 0.10-0.20 Hz, HF: 0.20-0.5 Hz) 

As a result of adjusting the bands for defining LF/HF, a significant correlation was 
observed between the LF/HF of PD variability using Definition A and the subjective 
score of ‘arousal’ (p = 0.02, r = 0.4857) (Fig. 20). A significant correlation was also 
observed between the LF/HF of PD variability using Definition A and the LF/HF of 
HR variability using Definition C (p = 0.04, r = 0.4166). Similarly, a pattern of corre-
lation was observed between the LF/HF of PD variability using Definition A and the 
LF/HF of HR variability using Definition A (p < 0.1, r = 0.3642). 
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Fig. 17. Average of LF/HF (PD) on 1L, 2L, 
3L and 4L (Experiment 2) 

Fig. 18. Average of LF/HF (HR) on 1L, 2L, 
3L and 4L (Experiment 2) 
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Fig. 19. Score for subjective evaluation of 
psychological state (Experiment 2) 

Fig. 20. Correlation between LF/HF (PD) 
and ‘arousal’ (Experiment 2) 

4   Discussion 

The results of Experiment 1 show that subjective responses of ‘arousal,’ ‘activity’ and 
‘time-pressure’ increased on increasing the level of the task workload. The shape of 
the curve for LF/HF of PD variability was U-shaped, bottoming at the workload with 
the 3-s interval, and significant correlation was observed between LF/HF of PD vari-
ability and the score for ‘time-pressure’ and ‘anxiety,’ indicating the possibility that 
high LF/HF value of PD variability at 1 s might reflect the mental stress caused by too 
high a workload, and high LF/HF value of PD variability at 5 s might reflect the men-
tal stress caused by too little a workload. 

Moreover, the maximum peak frequency of power spectrum of PD variability of 
the 5 s interval condition shifted to a higher frequency than those for 1-s and 3-s in-
tervals. This indicates that the peak frequency of the power spectrum of PD variability 
value might reflect workload level. In Experiment 1, a significant correlation was also 
observed between the LF/HF of PD variability and that of HR variability. These re-
sults therefore indicate that LF/HF of PD variability is an evaluation index of mental 
stress, and could be used as a substitute for LF/HF of HR variability when measuring 
mental stress. 

The results of Experiment 2 show that subjective responses of ‘arousal’, ‘activity,’ 
’irritation’ and ‘anxiety’ increased with increasing the level of cognitive load. These 
results indicate that the settings of each level of difficulty were appropriate for inducing 
different degrees of mental stress. However, the curve for LF/HF of PD variability was 
U-shaped curve and bottomed at 3L, and LF/HF at 1L and 4L (the lowest and highest 
cognitive task level, respectively) were higher than those for 2L and 3L. These results 
indicate that higher LF/HF of PD variability at 4L and 1L might be due to the mental 
stress caused by too high a workload and too low a workload, respectively. It is possible 
that the optimum task level might be at the lowest point of LF/HF of PD variability.  

Moreover, the peak frequency of the power spectrum of PD variability that took 
maximum value shifted to a lower frequency on increasing the cognitive level. This 
indicates that the peak frequency of the power spectrum of PD variability that takes a 
maximum value might reflect workload stress. 

The optimum frequency bands for LF/HF of PD variability in which significant cor-
relations with mental stress were observed in Experiment 1 were different from those in 
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Experiment 2. The optimum bands used in the analysis to indicate stress from the cogni-
tive load as presented in Experiment 2 shifted to a higher frequency than that from the 
time pressure as presented in Experiment 1. These facts indicate the possibility that the 
optimum bands for LF/HF of PD and Heart Rate variability may change according to 
type of task. 

5   Conclusions 

The results in Experiment 1 and 2 show that subjective responses to psychological states 
(‘arousal’, ‘activity,’ ‘time pressure’, ‘irritation’ and ‘anxiety’) increased on increasing 
the task workload. Moreover, using the same frequency band as that of heart rate vari-
ability (LF/HF), during the task with time pressure in Experiment 1 revealed a signifi-
cant correlation between the ratio of lower-to higher-frequency components (LF/HF) of 
PD variability and subjective psychological state. A significant correlation was also 
observed between LF/HF of PD variability and LF/HF of HR variability in Experiment 
1. During the cognitive load task in Experiment 2, a significant correlation was observed 
between subjective psychological state and LF/HF of PD variability, as calculated from 
the different frequency band, as that of HR variability. 

These results indicate that LF/HF of PD variability is an effective index of mental 
stress, and could be used as a substitute for LF/HF of HR variability when measuring 
mental stress. 
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Abstract. This work addresses the problem of measuring psychological strain 
in humans by the use of physiological data. The aim of the work is the research, 
development and evaluation of a measurement system for the acquisition of 
such data from humans and the differentiation of psychological and physical 
strain with the help of machine learning algorithms. The developed system re-
cords and analyzes the ECG, the EMG, as well as the skin conductance, and 
combines these physiological parameters with the subject’s physical activity. 
The main purpose of this measurement system is to assess both types of strain 
in employees at their workplaces. 

Keywords: multi causal strain, stress, strain, ambulatory monitoring, physio-
logical monitoring, physical activity, decision tree learning, machine learning. 

1   Introduction 

Strain can have multiple causes and consequences, which might be a risk for the 
health of employees and result in high costs for health insurance companies (see [9]). 
Researching the strain employees encounter during their work can help to prevent or 
reduce the strain, for example by modifying the working environment or tools, lead-
ing to safer working conditions for the employees and reduced costs for the insurance 
companies.  

In this context, different types of strain have to be distinguished, as strain can be 
physical (that is, the body of the subjects is affected directly) or psychological: high 
mental workload or an emotionally stressful working environment might lead to psy-
chological problems, such as depression, but can also be the cause for physical prob-
lems, such as illness or back pain.  

To distinguish between the different types of strain and to classify their magnitude 
and their influence on employees, a complex measurement system is necessary, as 
different parameters for physical and psychological or emotional strain have to be 
acquired simultaneously. The research and development of such a measurement sys-
tem is the aim of this work. 
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1.1   Measurement of Physical Strain 

For the measurement of physical strain and physical activity, a well-suited measure-
ment system is available that has been developed at the BGIA Institute for Occupa-
tional Health and Safety: the CUELA system ([2]). CUELA is a German abbreviation 
and stands for “Computer-unterstützte Erfassung und Langzeit-Analyse von Belas-
tungen des Muskel-Skelett-Systems”, which can be translated as “computer-assisted 
measurement and long-term analysis of strain on the musculoskeletal system”. The 
system has been used in a large number of applications since the year 1997, primarily 
for the assessment of physical strain that employees encounter at their workplaces. 
The standard CUELA system is a sensor suite that can be worn over the working 
clothes. It is able to measure physical strain of a subject on the basis of the body pos-
ture and movements. It uses mechanical sensors to measure the angles of the thoracic 
and lumbar spine, the torsion of the back, as well as the angles of the hip and knee 
joints.  

On the basis of the standard CUELA system, a modified measurement system 
called “CUELA Activity” has been developed in the last two years by Weber (see 
[12]). It uses accelerometers and gyroscopes to measure the actual body posture and 
movement instead of the mechanical sensors of the standard CUELA system, thus 
reducing the weight, size and complexity of the sensor suite significantly. The main 
purpose of the Activity system is to evaluate the actual activity of a subject in terms 
of both the type of the performed activity and the speed or intensity of movement. 

The data that is measured by the system is recorded by a so-called “datalogger” 
and analyzed at a later time with a software called WIDAAN (which stands for 
“Winkel-Daten-Analyse”, or “angle data analysis”, respectively). WIDAAN runs on 
Windows computers and allows to display the recorded data in the form of graphs 
over time, as well as in the form of an animated 3D-skeleton figure. WIDAAN is also 
able to synchronize the measured data with a video recording. It handles every sensor 
or calculation result as a “channel”, which can be viewed as a chart or graph over the 
time, and allows to synchronize, mark and edit single or multiple data channels at 
once ([2], [3]). The design of the WIDAAN software allows to extend it with new 
data channels or new “plug-in” components for the calculation of strain data easily. 

1.2   Measurement of Psychological Strain 

It is obvious that psychological strain can not be measured by using physical data 
alone. Therefore, the main idea of this work is to develop an additional physiological 
measurement system that can be combined with either one of the already existing 
CUELA systems. Appropriate physiological parameters and sensors that are suited to 
acquire these parameters have been researched in the scope of this work.  

Compared to the physical activity, physiological parameters represent a more di-
rect way to measure and evaluate the strain of a subject. In general, these parameters 
measure the reaction of the human body to both physical and psychological strain of 
any kind. The results that can be achieved by the assessment of these parameters are 
always subjective to a certain extend, as the subject's personal fitness and individual 
perception of the stressor have an influence on the physiological parameters (see 
[6]). The heart rate and the heart rate variability, which are both measured by an 
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electrocardiogram (ECG), the electrodermal activity (skin conductance response, 
respectively) and the muscle activity in the Trapezius muscle, which is measured by 
an electromyogram (EMG), have been selected due to their importance for the meas-
urement of strain (compare to [4], [10], [11], [14], [15]).  

While the heart rate is strongly correlated with the overall strain of the body, the 
heart rate variability, which represents the variations of the heart rate from beat to 
beat, can be used to assess mental strain ([6]). It is typically assessed in terms of the 
“root mean square of successive differences” (RMSSD) and the standard deviation of 
the beat-to-beat-intervals (SDRR), which are both measured in milliseconds. In con-
trast to this, the skin conductance response allows the detection of emotional strain 
and arousal (see [15]). The skin conductance (that is, the ability of the skin to conduct 
electricity) is measured in Siemens and depends on the amount of sweat in the sweat 
glands of the skin. The activity of the Trapezius muscle, which is situated in the 
shoulder and neck region of the human body, is also known to be an indicator for 
strain, especially when activity is detected during phases without body movements 
(compare to [10], [11]). 

To provide context data in addition to the physiological parameters, the physical 
activity, which is measured by the use of either the standard CUELA system or the 
Activity system, is recorded simultaneously.  

2   Methods 

2.1   Basic Idea 

As previously described, there are several parameters that are of interest for the meas-
urement of both psychological and physical strain. The physical activity can be  
acquired and analyzed in detail by the use of the CUELA system in its different vari-
ants. However, in the scope of this work, only the CUELA Activity system has been 
used, as it already provides a parameter called “Physical Activity Intensity (PAI)”, 
which is well-suited for this purpose.  Therefore, this system is a very good basis for 
the development of the proposed multi causal strain measurement system. The im-
plementation of microcontroller-based intelligent sensor systems for the acquisition 
and analysis of the physiological parameters, which can not be acquired by the 
CUELA system so far, and the integration of these sensor systems into the CUELA 
system is the basic idea of this work. 

2.2   System Concept 

The concept for the combined measurement system is shown in figure 1. The first and 
most important part of the system concept is represented by the physiological sensor 
systems themselves, which are shown in the upper left corner of the figure. On the 
hardware side, they consist of the actual sensor for the acquisition of the physiological 
signal, electrical circuitry and components for the analog signal conditioning, as well 
as one microcontroller IC-chip. On the software side, several functions are imple-
mented on the microcontroller to deal with all signal processing steps that are applied 
on the digitalized signal. The developed microcontroller-based sensor systems are 
able to filter, digitalize and analyze the acquired sensor readings autonomously.  
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Fig. 1. System concept and data flow chart. Data and its flow is shown in dark grey, while 
hardware components are shown in (dashed) light grey and software components in (dashed) 
white. 

The physiological sensor systems are combined on one hardware module (repre-
sented by the area marked in light grey), together with an USB interface controller. 
The sensor systems transmit their data to the USB controller by using a SPI bus inter-
face. The USB controller unites the data and transmits it over its USB bus interface to 
a host device, which stores the data and controls the measurement process by sending 
control commands back to the physiological sensor systems (via the USB controller). 
This host device, which is called “datalogger” in conjunction with the CUELA sys-
tem, can be any personal computer or notebook, as well as a personal digital assistant 
(PDA) or handheld computer, or even a mobile phone with USB host capabilities and 
sufficient memory to store the entire measurement data. Therefore, only a software 
tool that is able to manage the storage of the acquired data and that allows a user to 
control the measurement system has to be developed in order to implement this com-
ponent of the system. 

From this point on, the data is stored and available for “offline” use, which means 
that it can be viewed and analyzed after the measurement has been completed. All 
further components of the system work with this stored data. They are implemented 
completely in software, which runs on typical computer hardware like a desktop PC or 
a notebook. The basis for the software implementation is the WIDAAN analysis soft-
ware of the CUELA system, which provides a graphical user interface to view, edit and 
analyze the recorded data and to synchronize the different data streams. The stored 
data from both the physiological and the physical sensor systems is imported into WI-
DAAN and new data channels are created for each sensor. 

Afterwards, a decision tree algorithm is used to classify the data in the course of 
time with respect to the type and amount of strain that the subject experienced. Again, 



190 H. Steiner, D. Reinert, and N. Jung 

a new data channel is created in WIDAAN and the results of the algorithm's calcula-
tions are stored and graphically represented in this channel. In order to develop ap-
propriate decision rules for the classification of the strain data, a learning algorithm is 
used on suited learning data. The resulting strain classification method is the final step 
of the system concept and represents the result of the approach that is proposed in this 
work. 

2.3   Details of the Physiological Measurement System 

In the physiological sensor systems, the physiological signals that are acquired by the 
use of electrodes are “conditioned” before they are digitalized, which means that they 
are amplified and filtered in order to remove noise and to limit their bandwidth by 
attenuating frequencies above a certain threshold. This is necessary in order to digital-
ize the signals correctly: according to the Nyquist-Shannon sampling theorem, the 
sampling rate, which is applied during the digitalization, has to be more than twice as 
high as the highest frequency occurring in the signal ([8]). If this theorem is broken, 
disturbing aliasing effects are the consequence. Therefore, a sampling rate is chosen 
which is sufficiently high for the respective sensor system. 

After the digitalization, an additional digital notch filter is applied on the signal to 
remove 50Hz and 60Hz noise caused by main power lines. This noise gets easily 
picked up by the human body and can not be attenuated sufficiently by the analog 
signal conditioning process, as it is too close to the useful signals’ frequency ranges. In 
the ECG sensor, the resulting signal is analyzed by an algorithm that detects the so-
called R-wave, which is the highest peak in the signal. The R-wave marks the exact 
moment of the heart beat and can therefore be used to calculate the heart rate, as well 
as the heart rate variability, by measuring the time interval between two successive R-
waves. In the skin conductance sensor, the readings are derived in order to gain the 
skin conductance response. In contrast to this, the readings of the EMG sensor are used 
without further calculations.  

The hardware components of the sensor systems are implemented on one single 
circuit board, together with an USB controller, which gathers the data from all sensor 
systems and transmits it to a connected datalogger, as proposed in the system concept. 
The complete sensor module is powered by the datalogger via the USB connection 
and small enough to avoid hindering the subject in any way.  

2.4   Data Classification 

The data that is recorded by the combined measurement system has to be analyzed as 
a whole in order to evaluate the type and amount of strain that the subject experienced 
during the measurement. This can be done manually by viewing and evaluating the 
data in numbers or as a graph, but this approach would be much too time-consuming 
to be performed for long time measurements or for a series of measurements with 
different subjects. Therefore, an automatic and autonomously working algorithm is 
needed that is able to perform this task in less time. 

On the basis of the combined measurement system, algorithms for the differentia-
tion between physical and psychological strain have been researched. A machine 
learning algorithm, which is able to automatically classify new data according to rules 
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that it has learned before, promises to be an optimal solution for the given task. In 
order to gain training data for the use in such learning algorithms, a number of differ-
ent strain classes have been specified and for each of these classes, a respective work-
ing scenario has been created with the intention to induce the specific amounts of 
psychological and / or physical strain. These scenarios include parts of both low and 
high physical and mental workloads, which are induced by a bicycle ergometer and a 
computer-based math and color recognition test (the so-called Stroop color test) that 
is based on the dual-task-paradigm (see [13]). Table 1 presents the nine specified 
strain classes and a description of the respective working scenario.  

Table 1. Strain classes and the respective working scenarios for the generation of training data 

 
 

For the generation of data for the specified strain classes, a respective measurement 
setup has been developed and performed by several subjects. The resulting data has 
been analyzed and split up in a training and a test data set. A machine learning algo-
rithm is applied on these data sets in order to find attributes and rules for the reliable 
classification of the data with respect to type and amount of strain. Due to the given 
characteristics of the input data (a fixed set of attribute-value pairs with numerical 
values, possibly containing errors or missing values due to incorrect sensor readings 
or loss of data), a decision tree learning algorithm was selected for this purpose  
(see [4], [7]). In decision tree learning, the data is split up by a number of simple 
decisions that together form a tree: for every data set, decision rules are applied fol-
lowing one path along the edges of the tree until a leave, which represents one of the 
specified classes, is reached. This type of learning algorithm produces static decision 
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rules for the data classification, which can easily be implemented in the analysis soft-
ware in order to perform the data classification automatically. The resulting decision 
rules will classify each of the data sets into exactly one of the previously defined 
(disjoint) categories. 

3   Results 

The proposed physiological measurement system has been evaluated in terms of the 
theoretical and technical implementation of the combined sensor system, as well as by 
a functional evaluation with respect to the practical use of the system. The results of 
the evaluation showed that the sensor modules are working correctly and produce 
good and sufficiently reliable results, even if the subject is in motion. 

 

Fig. 2. The performance in terms of the combined classification rate (left Y-axis) of different 
decision tree learning techniques (X-axis), which were applied on the joint data set of two 
subjects, compared to the respective tree size (right Y-axis) 

Two data sets from subjects, who performed the specified measurement setup with 
the nine different working scenarios, were chosen to be used as training data for the 
learning algorithm. The decision tree learning algorithm delivers a very good per-
formance for the classification of the data of each subject. Correct classification rates 
of more than 90% can be achieved even by comparably small decision trees with 
about 50 nodes (or decisions, respectively), which can easily be implemented in an 
analysis software. By using more complex trees with more than 500 nodes, correct 
classification rates of up to 98% could be achieved.  

In order to find a classification that can be used for both subjects, the data sets 
were combined and the algorithm was applied on this combined data set. It was found 
that the correct classification rate is almost identical to the results of the algorithm for 
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just one single data set. Unfortunately, this is achieved by a significant increase of the 
trees' sizes. However, if the tree’s depth is limited to a fixed value (which is possible 
by modifying the algorithm’s parameters), the size of the resulting trees is only mod-
erately increased while still providing a good classification rate. Figure 2 shows the 
performance of different decision trees on the joint data set compared to their respec-
tive sizes. 

4   Discussion 

This work addressed the problem of measuring both psychological and physical strain 
in humans, especially in employees at their workplaces, and of differentiating be-
tween the types of strain the subject encountered. On the basis of intelligent sensor 
systems, a combined measurement system for the acquisition of physiological pa-
rameters has been designed and implemented. This measurement system can be used 
in conjunction with the CUELA system in order to acquire both physiological and 
physical parameters of a subject and all acquired data can easily be combined by the 
use of a single analysis software.  

In order to automatically classify the combined data with respect to the type of 
strain that the subject encountered, the use of machine learning algorithms has been 
proposed. Nine different strain classes have been specified and respective strain in-
duction scenarios have been performed by several subjects in order to gain training 
data with a known combination of strain for the use in the learning algorithm. It was 
shown that the decision tree learning algorithms deliver a good performance for the 
classification of the data. However, to achieve reliable classification results for un-
known data that has been acquired from a new subject, using a tree that has been 
learned with the data from only one subject is not sufficient.  

A decision tree that was learned with data from two subjects achieved a constantly 
high correct classification rate for both subjects, which is very promising with regard 
to a more general applicability of this method. This indicates that in order to find a 
decision tree, which can be applied successfully to the data of arbitrary subjects, train-
ing data from a large number of subjects has to be collected. This requires an addi-
tional study and further research in order to find convenient ways of normalizing the 
data, as well as the design of respective calibration phases that have to be performed 
by each new subject. 

A different approach is to implement a complete decision tree learning algorithm 
into the data analysis software that learns a new decision tree for every new subject. 
This would require to extend the calibration phase that has to be performed by each 
subject, as it has to include all specified strain induction scenarios. Advantages of this 
approach are that the data does not have to be normalized and that it is not necessary 
to collect training data from a large number of subjects in advance. Additionally, the 
results of the classification algorithm might be better, as the distinctive features of 
each class are based on the specific subject's data only. However, the feasibility of 
both approaches has to be evaluated in detail in future work.  
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Abstract. The aim of this study was to develop a prototype system to monitor 
cardiac activity using microwave Doppler radar (24.05 GHz frequency, 7 mW 
output power in average) without making contact with the body and without 
removing clothing; namely, a completely noncontact, remote monitoring sys-
tem. In addition, heart rate and changes in heart rate variability (HRV) during 
simple mental arithmetic and computer input tasks were observed with the pro-
totype system. The experiment was conducted with seven subjects (23.00 ± 
0.82 years old). We found that the prototype system captured heart rate and 
HRV precisely. The strong relationship between the heart rates during tasks  
(r = 0.963), LF (cross-correlation = 0.76) and LF/HF (cross-correlation = 0.73) 
of HRV calculated from the microwave radar data and from electrocardiograph 
(ECG) measurements were confirmed.  

Keywords: noncontact monitoring, microwave radar, heart rate variability. 

1   Introduction 

“Ubiquitous technology” is interpreted in some terms, however, it means essentially 
that user does not feel the presence of any device and sensing. The sensing technique 
unnoticeable to the users is one of the important elemental technologies for creating a 
ubiquitous info-communications environment. 

Recently, nonrestrictive and noninvasive sensing techniques to measure vital signs 
have been actively researched and developed. Examples include using a strain gauge 
[1], pressure sensors [2], and a piezoelectric polymer called polyvinylidene fluoride 
film (PVDF) in sensors [3] used to measure heartbeat and respiration from the sub-
ject’s dorsal body surface. This kind of sensing technique is useful for patients who 
have suffered heavy burn injuries and serious lacerations, because it avoids having to 
paste electrodes directly onto the body. Furthermore, patients who should be isolated 
because of the risk of secondary infection resulting from exposure to toxic chemicals 
or infectious organisms are treated in an isolator and in such cases a stable remote 
sensing method is needed to measure vital signs from outside of the isolator.  
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We have previously reported on a complete noncontact system for monitoring res-
piratory rate and heart rate using a microwave radar antenna at 1215 MHz to measure 
the vital signs of casualties inside an isolation unit [4, 5]. In addition, we developed a 
noncontact method using a ceiling-mounted microwave radar to monitor the respira-
tory rates of subjects in bed through their bedding [6]. These methods are aimed at 
detecting motion at extremely minute scales on the body surface caused by cardiac 
and respiratory motion. The method was originally developed to search for survivors 
under earthquake rubble [7, 8]. Microwave radar has the following characteristics: (1) 
microwaves can be transmitted through most objects except metals and water; and (2) 
it is possible to detect movement of the object from some distance and without actu-
ally needing to touch it. If we attempt to use this system for humans, it is possible to 
observe the motion of the body surface from some distance without removing their 
clothing. 

We have already tried to monitor changes in HRV that are induced by stressful au-
dio stimuli using a noncontact measurement system with a 24 GHz compact micro-
wave radar, which can easily be attached to the rear surface of the back of a chair [9]. 
The aim of this study was to develop a prototype of the same type of system for car-
diac monitoring, using microwave radar without making contact with the body and 
without removing clothing-namely, a complete noncontact, remote monitoring sys-
tem. In addition, heart rate and changes in heart rate variability during tasks were 
measured by utilizing the system. 

2   Prototype System 

The prototype system for noncontact cardiac monitoring we designed consisted of a 
microwave Doppler radar antenna (Tau Giken Co., Yokohama, Japan), a device for 
controlling the power supply to this antenna, and a PC for analyzing the output data 
from the antenna. The frequency of this microwave radar antenna for cardiac monitor-
ing was 24.05 GHz, with a normal average output power of approximately 7 mW (the 
maximum output power is under 10 mW). The diffusion angle (θd) of the microwave 
radar antenna is about 40º, the antenna gain is 10 dBi, and the electrical field intensity 
is 0.7 mW/cm2. This antenna has approximately the same specifications as that used 
in our previous research [9]. 

Damage caused by electromagnetic waves has been discussed in the literature, es-
pecially in the case of human applications. At frequencies over 3 GHz, the electrical 
field intensity limit is 1 mW/cm2 according to the guidelines for radio waves estab-
lished by the Telecommunication Bureau of the Ministry of Internal Affairs and 
Communication in Japan. Also, the 24.05 GHz frequency of our device is within the 
frequency band for normal use of radio waves as approved by Japanese law. 

Before input into a PC for analysis, data were acquired at a sampling frequency of 
100 Hz using an A/D converter (USB-6008, National Instruments, Texas, USA). 
After digitization, the data were analyzed by a system we developed using a Lab-
VIEW (National Instruments, Texas, USA). In this analyzing system, in order to re-
duce noise and select data related to the motion associated with heart rate, a band-pass 
filter was used for transferring data from the microwave Doppler radar antenna. This 
filter was set between 0.5 Hz and 2.5 Hz; this setting covers a range of 30 to 150 
heartbeats per minute. 
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3   Experiment 

3.1   Experimental Settings 

Experiments to measure heart rate and changes in HRV using the prototype system 
were conducted. At the same time, the ECG was measured by the contact monitoring 
system using normal electrodes. We compare the results for the ECG with the results 
acquired by the prototype system. 

The subjects were employed seven healthy male subjects (mean age 23.00 ± 0.82 
years; range 22–24 years). Each subject wore a 2 mm-thick cotton T-shirt and sat on a 
chair with mesh back composed of 2 mm-thick polyester plastic (Baron-Chair, Oka-
mura Co., Tokyo, Japan) (see Figure 1). The distance of the antenna of the prototype 
system to the chair back was 30 mm, and it was placed about 60 mm to the left of the 
spine at around the level of the fourth intercostal space. 

Following a period of 2 minutes’ silence for resting, the subjects were asked to per-
form a simple arithmetic task with pairs of two-digit numbers for a period of 2 min-
utes. Two-digit numbers in randomly produced pairs were displayed on a personal 
computer screen. The subject calculated in his head and inputted the answer from the 
ten-key keyboard within 3 seconds. 

The subject rested his right elbow on the armrest of the chair and was directed to 
keep it there when he inputted the answers using the keyboard. All subjects were 
right-handed. We did not give the subjects any instructions on breathing, such as 
holding the breath, and informed consent was obtained from each subject. 
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Fig. 1. Setting position of a microwave radar antenna to measured dorsal point of the subject 

3.2   Analysis 

The output signals from the prototype system and a reference precordial ECG signal 
from the V5 position were sampled by the A/D converter with a sampling frequency 
of 100 Hz. Band-pass filters were used for the prototype system outputs to reduce 
noise and interference. The band-pass filters were set at between 0.5 Hz and 2.5 Hz; 
this model band-pass filter covers a range of 30 to 150 heartbeats per minute. After 
the filtering, power spectra of heartbeat intervals - as low frequency (LF) (0.04 - 0.15 
Hz), high frequency (HF) (0.15 - 0.4 Hz), and LF/HF—were calculated to monitor 
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HRV by using the maximum entropy method (MemCalc software, GMS Co., Tokyo, 
Japan); this system is normally used for medical research [10, 11].  

The intervals of the peaks in amplitude in outputs from the prototype system were 
assumed to correlate with the R-R interval for the ECG, and HRV was calculated by 
using peak-to-peak intervals in the output signal of the prototype system. The power 
spectra of HRV (i.e., LF, HF, and LF/HF) for R-R intervals derived by the ECG were 
also calculated by using the MemCalc software. Cross-correlations were examined for 
the LF, HF, and LF/HF derived from our noncontact system and the LF, HF, and 
LF/HF derived from the contact ECG system. Quantitative data are expressed as mean 
± standard deviation (SD). sample size was determined to achieve sufficient assurance 
for the paired t-test for relatively uniform subjects. 

4   Results 

4.1   Heart Rate 

Figure 2 shows sample data for subject S1 monitored for 5 seconds. Figure 2(A) 
shows the output signal of the ECG and Figure 2(B) shows the output signal acquired 
by the prototype system. While small phase shift between R-waves of ECG and the 
cyclic oscillations acquired by the prototype system was confirmed, however, the 
repeat cycles of the two systems were nearly identical. 

Figure 3(A) shows comparisons between the heart rates determined by the proto-
type system and those obtained by the reference ECG during the silent period of 2 
minutes’ rest before the tasks were performed. The horizontal axis indicates the heart 
rate calculated from the R-R interval in the data derived from the normal ECG. The 
vertical axis indicates the heart rate estimated by using the data from the prototype 
system using microwave Doppler radar. A strong positive correlation (r = 0.954) in 
the two indices was confirmed for all subjects. 

Figure 3(B) shows the correlation between heart rates determined by the prototype 
system and heart rates determined by the normal ECG during the performance of the 
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Fig. 2. Sample data for subject S1 monitored by two measurement systems in a 5–second period 
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arithmetic and computer input task (r = 0.963). The high correlation between the heart 
rates derived by the two systems was confirmed for all subjects irrespective or 
whether the subjects were performing the task or resting. Therefore, the prototype 
system measures heart rate stably and independent of the subjects’ task. 
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Fig. 3. Correlation diagrams for both the noncontact and contact monitoring methods under two 
conditions of resting and task performance 
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Fig. 4. Sample data for subject S1 showing changes in HRV for the noncontact and contact 
monitoring systems 
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4.2   Changes in HRV and Cross-Correlation between the Contact and 
Noncontact Monitoring Systems 

For both the prototype system using microwave radar for noncontact cardiac monitor-
ing and the normal ECG system for contact monitoring as a reference, the HRV pa-
rameter LF for subject S1 reflected mainly sympathetic activation (Figure 4(A)); they 
both showed a similar change at the 2-minute rest period and during the performance 
of the task. The HF for the same subject, reflecting parasympathetic activity, did not 
show any distinctive change during the mental arithmetic and computer input task 
(Figure 4(B)). The LF/HF for the same subject, reflecting sympathovagal balance, 
exhibited a peak during the task (Figure 4(C)). 

Table 1 shows the results of cross-correlations of HRV for the seven subjects 
monitored by the noncontact and contact methods during rest and task performance. 
Maximum cross-correlation values in LF between the noncontact and contact methods 
averaged 0.76±0.11 for the seven subjects. Maximum cross-correlation values in HF 
averaged 0.58±0.16 for the seven subjects, and maximum cross-correlation values of 
LF/HF averaged 0.73±0.15 for the seven subjects. 

Table 1. Results of cross-correlation of HRV for seven subjects measured by both the 
noncontact and contact monitoring systems 

 

5   Discussion 

We developed a prototype system using 24 GHz microwave radar for noncontact 
cardiac monitoring. Compared with other noninvasive measurement methods (i.e., 
strain gauge [1], pressure sensors [2], and PVDF sensors [3]), our method is com-
pletely noncontact and also does not require the removal of clothing. We designed the 
antenna with relatively small dimensions to obtain high gain with high spatial resolu-
tion; the small size also reduces the possibility of signal absorption through the human 
body, at 24 GHz more than with lower frequencies. In addition, a high gain allows a 
smaller area to be analyzed. As a result, a small antenna at 24 GHz is easier to inte-
grate into a monitoring system, and is suitable for civil applications.  

In order to evaluate the relationship between the intervals detected between peaks 
in the output signal acquired from the prototype system for noncontact cardiac moni-
toring and the R-R intervals measured by the ECG, the correlation of heart rates ob-
tained with the two methods was calculated. The results confirmed that peak-to-peak 

Subjects LF HF LF/HF
s 1 0.84 0.68 0.74
s 2 0.75 0.48 0.73
s 3 0.64 0.81 0.76
s 4 0.66 0.57 0.46
s 5 0.95 0.55 0.96
s 6 0.69 0.68 0.70
s 7 0.76 0.30 0.79

Average 0.76 0.58 0.73
SD 0.11 0.16 0.15
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intervals captured by our prototype system are quite similar to the R-R intervals cap-
tured by the ECG signal, because the estimated heart rates determined by using the 
data captured by our prototype system are roughly in accordance with actual meas-
urements. Results confirmed that our microwave system can capture information 
similar to that obtained with the ECG system. 

In addition, the changes in HRV measured by both methods were also similar, al-
though there were some differences in the absolute values. These results mean that 
our prototype system can capture signals with sufficient accuracy to calculate heart 
rate and HRV. This success is attributed to improved resolution with the higher-
frequency microwave radar. Other research has aimed at capturing heart rate [12, 13, 
14]; the frequencies used in those studies were from 1.6 to 2.4 GHz. In order to ob-
serve changes in HRV, accurate R-R intervals have to be captured. Our prototype 
system has a higher-frequency microwave radar antenna with a 24 GHz frequency 
and has the advantages of higher resolution and noninvasiveness. 

However, the signals for some subjects were sometimes distorted during task per-
formance. It is thought that this noise was caused by motions of the upper limbs induced 
by task performance. We predicted before the experiments that signals would be af-
fected by upper limb motion, because there is some space between the body and the 
microwave radar antenna, and the device can be affected by other body motions. How-
ever, this noise was observed in only some of the data during task performance, and 
high values of cross-correlation between HRV measured by the noncontact and contact 
methods during task performance in all subjects were confirmed. Future work should 
aim to resolve this problem by using filters with appropriate settings or by interpolation. 

At the start of this research, we thought that the sympathetic nervous activation re-
lated to task performance could be shown - namely, by LF and/or LF/HF increases or 
HF decreases. The results confirmed that LF/HF increased in many subjects; however, 
the trend of decreasing LF was confirmed for many subjects. It is thought the task 
difficulty and the 3-second interval set for each trial were not appropriate. It will be 
necessary to set a time limit or time pressure for each trial in future experiments. 

6   Conclusion 

We describe here a novel prototype system using microwave radar for noncontact 
cardiac monitoring that requires neither direct contact with the body nor the removal 
of clothing. We monitored changes in HRV during task performance with the system 
in efforts to monitor human autonomic activation induced by task performance. 

The antenna of our prototype system is relatively small and can easily be attached 
to office furniture in the workplace (i.e., to a chair back or chair arm). This means that 
the device is suitable for civil applications at a low cost. We will examine actual use 
in office settings in the future.  

The device is sensitive to other body motions since there is a space between the 
body and the microwave radar antenna. The signal processing becomes more delicate 
in the case of work associated with relatively large body motions. Therefore, there are 
many issues that need to be tackled on the road to using this remote sensing technique 
in the real workplace; this technique is still in an early phase of research. However, if 
it becomes possible to use it in the workplace, heart rate can be monitored without 
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large-scale equipment and without placing a heavy burden on the monitored individ-
ual. In addition, this technique of acquiring data related to cardiac activity without the 
need for direct contact with the body should contribute greatly to ensuring safety in 
the workplace since it can contribute to research in the areas of ergonomics and occu-
pational health. Furthermore, there is a possibility of applying this technique to the 
simple diagnosis of disease conditions [15]. Our method appears to be promising, not 
only for use in ergonomics research, but also in several other fields. 
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Abstract. The purpose of this research is to emphasize on the concept of inte-
grating computer and interactive technologies to the rehabilitation robotic with 
biofeedback. First, the robot is actuated with pneumatic muscle actuator  which 
have interesting characteristics that can be exploited for upper limbed machines. 
The rehabilitation robotic system is using measurement which has two channels 
to detect and collect the rehabilitation robotic system from electromyography 
and the rotary encoder. Through PCI interface transferring the rehabilitation ro-
botic system to personal computer, we can use our algorithms to attain real-time 
the force and/or contraction velocity of the muscle detection and other common 
information like the frequency of under muscle curve of user. Finally, the hu-
man-computer interface for rehabilitation system is designed. In this human 
computer interface consists of three main parts: detect the signal; a control 
scheme of robotic system combined with multimodal environment based bio-
feedback system; clinical database.  

Keywords: rehabilitation robotic, biofeedback, human computer interface. 

1   Introduction 

The most of contemporary robots use DC or AC motors like the actuators. However, 
these implementations are often too heavy and rigid, particularly for work in contact 
with human. Using of these “traditional” actuators in the field of rehabilitation and 
force feedback devices is especially unsuitable, because rehabilitation are usually 
grounded on the user is can not bear while being comfortable. The DC or AC motor is 
relatively unfriendly in feeling. That is the reason why the researchers try to find an 
actuator similar to human muscles. The most promising actuator in this field of re-
search [1] is undoubtedly McKibben pneumatic muscle actuator(PMA).  

A PMA which has achieved increased popularity to provide the inherent safety and 
mobility assistance to humans performing tasks and another advantages such as high 
strength and power/weight ratio, low cost, compactness, ease of maintenance, cleanli-
ness, readily available and cheap power source and so on [2-4]. In contrast to tradi-
tional pneumatic actuators, PMA have very high power/weight and power/volume 
ratios [1], [2]. This is an advantage for robotic and exoskeleton applications, in which 
heavy actuators can add significantly to the payload.  

Some scholars have already set up system modelling and performance to assess to 
the atmospheric pressure muscle driver [5], model analysis of the dynamic characteris-
tic 6]. As for other application, for instance: Is it good for robot to reply [7,8], recovery 
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system [9], nucleon of waste material, use atmospheric pressure muscle biceps and 
triceps structure that driver form, simulation track, joint of angle control [10,11 ], ap-
plications for robotics [12,13]. Above-mentioned methods are all feedback methods. In 
the rehabilitation process, the user's feeling is taking most. Thus, biofeedback is con-
sidered in the rehabilitation. Originally we consider in the article the rehabilitation 
system include feedback and biofeedback. In addition, progress made in computer 
technologies has encouraged rehabilitation engineers to apply computer technologies in 
helping disabled people to enjoy greater degree of independence in their daily living. 
However, users may still rely upon special interface to communicate with a computer. 
Providing physically disabled persons with adequate human/computer interface may 
thus contribute greatly to improve their independence. The human-computer interface 
which operators of the rehabilitation engineer use is very important. 

2   Structure in Rehabilitation System 

2.1   Mechanical Structure 

The PMA is a kind of principle of moving on the basis of studying the organism, 
change external energy but become the soft driver with similar human muscle charac-
teristic.PMA consists of a cylindrical flexible rubber or plastic airtight tube that fits 
snugly inside a braided plastic sheath with helical winding. When the tube is inflated, 
it widens and due to the braided sheath, shortens. The axial force exerted when the 
PMA shortens is quite large in proportion to the PMs weight. Because of their  

 

 

Fig. 1. The prototype of the rehabilitation robotic 
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construction, PMA are similar to human skeletal muscles in size and power output 
capability. However, PMA can only exert a single directional pulling force. In order 
to build a bi-directionally working revolute joint, two PMAs are coupled similarly to 
the antagonistic muscles of animals. Hence, the rotating torque is generated by the 
pressure difference between the antagonistic muscles and the external load is rotated. 
A joint angle is detected by rotary encoder. The prototype of the rehabilitation robotic 
are illustrated in Fig. 1. The operation principle of this robot, give two atmospheric 
pressures muscle in the regular initial pressure first, the arm is in the state of making 
for the first time at this moment, then mediate the pressure of both sides muscle. At 
this moment, the pressure expands greatly but the pressure is extended small, the arm 
joint will rotate the angle. 

2.2   Electrical Structure 

Many physiological processes can be monitored for biofeedback applications, and 
these processes are very useful for rehabilitation services. Biofeedback is a means for 
gaining control of our body processes to increase relaxation, relieve pain, and develop 
healthier, more comfortable life patterns. Electromyography is a seductive muse be-
cause it provides easy access to physiological processes that cause the muscle to gen-
erate force, produce movement and accomplish the countless functions which allow 
us to interact with the world around us [14]. 

 
Fig. 2. Schematic diagram of the rehabilitation robotic 

The experiment are carried out according to the closed-loop structure of t the reha-
bilitation robotic shown in Fig. 2. In the rehabilitation robotic, the joint angle, θ, is 
detected measured by rotary encoder and the processing of electromyography (EMG) 
signals from the user and feedback to PC through PCI counter board and AD board, 
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respectively. A primary function of the robot is controlling the gas pressure sent to 
PMA via the processing of electromyography (EMG) signals from the user. The reha-
bilitation robotic system is using measurement which has two channels to detect and 
collect the rehabilitation robotic system from EMG and the rotary encoder. Through 
PCI interface transferring the rehabilitation robotic system to personal computer, we 
can use our algorithms to attain real-time the force and/or contraction velocity of the 
muscle detection and other common information like the frequency of under muscle 
curve of user. Besides, the personal computer calculated the control input and con-
trolled the proportional valve through D/A board. 

3   PC-Based Rehabilitation System 

3.1   Software Structure 

Soft Structure unit interface shown in Fig. 3. was developed for physiological moni-
toring of a diver using embedded digital signal process. The software is built in Visual 
Basic environment and runs under Windows XP. The sequence of implemented pro-
cedures follows:  

• Reading of encoder via PCI counter.  
• Reading of EMG signal via PCI AD card.  
• Connecting the database.  
• Computing of forces to be applied to control valve via PCI DA card.  
• Design the man-machine interface. 

The software also displays to user important data, like angle, EMG signal, desired 
and real pressure in muscles. User can set time, angle and force. 

3.2   Human-Computer Interface 

The human-computer interface which operators of the rehabilitation engineer use is 
very important. If there is any operation error, the consequence will cause the muscle 
injuring. It is necessary to verify the design of interface which operators use in ad-
vance to prevent errors for the reason of inadequate design. Then we can get the ad-
vice for improvement, and low down the chance of error. In this human computer 
interface consists of three main parts: detect the signal; a control scheme of robotic 
system combined with multimodal environment based biofeedback system; clinical 
database. These interfaces are shown in Fig.4-6. 

3.3   Clinical Database 

Users can check their medical treatment records just by entering ID numbers. Because 
the processing of rehabilitation, these records are very useful for long-term tracing 
and analyzing users’ condition. In this study, the rehabilitation database system con-
sists of three main parts: user's operating time; user's functional ability dataset and 
related outcome information. From the experiences of establishing the database  
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Fig. 3. Instructure of Robot Monitor 

 

Fig. 4. Screen shot of “Multimodal environment” 

as well as the clinical data collection, suggestions about the use of the database and 
limitations will be discussed. Moreover, the development of this project facilitates the 
disabled persons to use commercial pointing devices that are lowly priced and easily 
available. Also, with this newly developed robotic, the disabled persons can have a 
second choice over some specific devices that are highly priced or difficult to maintain.  
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Fig. 5. Screen shot of “The joint angle testing” 

 

Fig. 6. Screen shot of “Force and speed adjustment” 

 

Fig. 7. Screen shot of “Clinical Database” 
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4   Result 

The result of this paper are: 

• For the purpose of rehabilitation robotic design, the concept of PMA is introduced 
to simplify the design procedure. 

• Originally we consider in the article the rehabilitation system include feedback and 
biofeedback. 

• For the rehabilitation system, the human-computer interface is designed. This inter-
face consists of three main parts: detect the signal; a control scheme of robotic sys-
tem combined with multimodal environment based biofeedback system; clinical 
database. 
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Abstract. In clinical tasks the display is often the natural interface between the 
medical system and the medical professionals and in the current image-centric 
healthcare the accuracy of the visualized images represents a key requirement; 
ideally no compromise would be acceptable. In the recent past LED backlights 
for liquid-crystal displays have been intensively investigated for their use in 
displays addressed to the mainstream markets (mobile and portable displays, 
computer displays and TV). Accordingly adapted, they could offer new oppor-
tunities also to the displays used in healthcare by allowing better accuracy and 
consistency of the medical images. In this respect they could make possible  a 
new, important advance  towards a better quality of care.In this paper we will 
describe a novel  LED backlight solution suitable for medical imaging. 

Keywords: BLU, backlight, backlight unit, color gamut, display, healthcare, 
LCD, LED, imaging, image accuracy , medical imaging. 

1   Introduction 

Imaging in healthcare is opening new horizons in the continuous effort of the medical 
science towards a better quality of care. Images of parts of our body are used for diag-
nostics, to detect as earlier as possible the uprising of pathologies. Images – often in 
3D format – are used for the planning of complex surgical interventions and minimally 
invasive, image-guided procedures are replacing traditional surgical approaches. Im-
ages are transmitted from one part to another one of the world and telemedicine and 
telesurgery are removing the physical distances between the patient and the physician 
or the surgeon. Even in therapeutic treatments the images are becoming very impor-
tant: think about the virtual reality used in therapeutic programs for patients suffering 
from psychological stress or other mental diseases. Other new and innovative display 
technologies are entering into the clinical setting: large screen displays and projectors 
for multi-image applications, 3D displays in ultrasound and in CT or MRI, head-
mounted displays for augmented reality and for immersive virtual reality experiences, 
portable displays for the mobile point of care, etc. 

The display visualizing all these images represents the “natural interface” between 
the medical system and the physician. Since each detail of the image could have a 
“clinical relevance”, the overall image chain will be effective if the display reproduces 
the “source image” without introducing artifacts and without reducing the quantity of  
“clinical information” it contains and if there is consistency over time and between 
same images reproduced in different displays. 
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Currently the display represents one of the weakest element in the medical image 
chain:  

• spatial (dot/inch) and grayscale (number of displayed gray levels) resolutions are 
below the characteristics of some medical images (e.g. mammography) and below 
the capability of the human vision system, 

• color gamut i.e. the overall range of reproduced colors is often limited and far be-
low the overall range of available colors,  

• response time, viewing angle and contrast in some displays (e.g. the liquid-crystal 
displays) are sub-optimal and these limitations introduce unwanted artifacts,  

• brightness is often limited  to avoid excessive power dissipation (e.g. in LCDs) or 
visual artifacts.  
The backlight of the LCD monitors has been an area heavily investigated in the last 

decade.  

In the transmissive displays such as the liquid-crystal ones the backlight represents 
the source of light that each LC cell - after modulating it in intensity according to the 
applied input video signal - will transfer outside (see fig. 1). 
 

 

Fig. 1. CCFL and LED backlights 

For long time LCD backlights have been based on the use of fluorescent lamps 
(cold cathode fluorescent lamps – CCFL); among the alternative technologies devel-
oped in the recent past LED backlights have been the most successful ones and are 
expected to replace the traditional CCFL in the coming years in all the applications 
(from cars and traffic lights to mobile phones, monitors and TVs) and at the same 
time to enter in the general lighting market. 

2   LED Backlights – General Benefits 

The list of benefits offered by LED backlights is quite long: 
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• Wider gamut: 105% of the NTSC color space compared to 65-75% of the conven-
tional CCFL technology ; this extended color gamut  allows a richer variety of col-
ors including  vivid and saturated true colors ; 

• Real-Time Color Management - Instantaneously controlling of colors on a variety 
of data streams to enhance viewing experience; 

• Fully dimmable without color variation; 
• Fast response time allowing the implementation of blinking backlights for larger 

contrast and greater picture clarity (less blurring); 
• Instant on (less than 100ns)  (@  full color, 100% light); 
• Higher energy efficiency; 
• Very Long Operating Life (up to100k hours) and  increased durability and reliabil-

ity of system; 
• No UV / IR  in the light source (only visible wavelengths emitted) avoiding degra-

dation of the optical system and  extending product life; 
• Green/Environmental : no mercury in system; 
• Safe operation - low voltage.  

Moreover it is important to highlight that the tuning of the white point - when us-
ing a conventional CCFL backlight - is possible only by acting on the R,G,B input 
video signals with the consequent drawback of a reduction of the driving levels 
(smaller dynamics). On the contrary in LED backlights the tuning is done by acting 
on the primary colors of  the LEDs and the same number of reproducible colours at 
various colour temperatures  can be achieved (see Fig. 2). 

 

Fig. 2. White point tuning in LED and in CCFL backlights 

Through the use of LED backlight the display will enrich its color gamut and enhance 
the effectiveness of the interfacing between the electronic equipment and the user by 
enriching the fidelity of the image (see Fig.3).  



218 S. Bonfiglio and L. Albani 

 

Fig. 3. Wide color gamut of LED backligrhts 

3   LED Backlights in LCD Displays Used for Medical Images  

FIMI Philips  developed a novel LED backlight specifically devoted to medical LCD 
displays. It includes an optical architecture and an overall design concept addressing 
some weaknesses currently present in the LED backlights solutions available in the 
market such as the limited luminous efficiency and uniformity.  

Medical images visualization needs some specific requirements to be satisfied. The 
most important of them are: 

• Luminance response compliant with the DICOM standard 
• High luminance values (> 500 nit) 
• Good white and color uniformity 
• White point adjustability 
• Accurately aligned and stabilized luminance level 
• Extended lifetime 

LED based backlights allow pursuing most of these goals as explained in the fol-
lowing paragraphs describing the LED BLU developed by FIMI in cooperation with 
PDS and used for grayscale medical displays.  

3.1   Optical and Mechanical Architecture 

The optical system was derived from a “folded mixing light guide” concept [2] where 
the optical function is split into two parts: one part for mixing the primary colors into 
white light and a second part where the light is properly distributed on the LCD glass 
surface (see Fig. 4). In order to get the desired output light level the system efficiency 
has to be maximized by reducing as much as possible the light losses along the light 
path. 
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Indeed the length of the mixing light guide has been reduced with respect to the 
system described in [1] and the additional mirror just in front of the LED was re-
moved. 

Since the optimal mixing light guide length is the result of a compromise between 
good color uniformity (achievable with a long mixing light guide) and minimal light 
losses (achievable with short light guide), its length was optimized considering the 
specific requirements of the application. 

 

Fig. 4. The optical system of the LED Backlight developed by FIMI 

A further light output improvement can be achieved by properly choosing the LED 
colors. LED are available in fact at several wavelength and flux. In a medical grayscale 
monitor very saturated colors aren’t required - being the images monochromatic - so 
white LEDs can be included in the LED array. Doing this way some “extra light” can 
be added at a color temperature close to the target ones. 

3.2   LED Color Mixing 

Though the reasoning described in the paragraph above would let suppose that only 
white LED is the best solution for what concern the light output level, the color point 
adjustability asks for colored LED to be included in the array. 

 

Fig. 5. LEDs enable White Point adjustability unique future in monochrome LCD monitors 
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The white point of the monochrome LCD Monitor can be tuned around the black 
body curve (see Fig. 5). 

The reduced color gamut caused by the presence of white LED allows a greater ac-
curacy in controlling each color point inside the gamut itself. Indeed, considering that 
the LED control is achieved through a PWM driving scheme, the same number of 
available PWM driving levels is spread on a smaller triangle in the x, y chromaticity 
diagram. This allows a more accurate adjustment and control for each point lying in-
side the triangle itself. 

For the 18” monitor we used 40 LED’s of 1 W each, binned and matched for a uni-
form White. 

3.3   Light Loop Control 

The image consistency required by the medical applications needs to keep the light 
performances of the monitor constant over time. 

Besides that, monitors calibrated at the same color temperature must look equal 
when put one close to the other (e.g. in displays used in the ceiling suspensions of the 
operating theater)  

The former goal can be achieved by keeping the driving level of LED below the 
maximum at the beginning of the monitor life and increasing the driving level as the 
LED efficiency decreases due to the aging. The latter requirement can be achieved by 
continuously and accurately balancing the driving level of each color. 

The monitors with CCFL backlight do not allow the color temperature control 
therefore the display matching can only be achieved by product sorting. 

In the implementation described in this paper, both goals are obtained through a 
closed loop control [1] implemented by a microcontroller that reads the light values 
supplied by a trichromatic color sensor and accordingly adapts the PWM driving 
levels. 

The graph in the previous Fig. 5 shows the range of color temperature at 500 cd/m2 
with the present implementation. The optical feedback is shown in Fig. 6. 

 

Fig. 6. The optical feedback of the LED backlight 
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It gives the benefits of: 

− Luminance and colour consistency over time and vs. temperature changes (in fact 
flux and dominant wavelength are temperature dependent); 

− LED aging compensation; 
− Accurate white point tuning.  

3.4   Thermal Management 

The LED lifetime is strictly linked to the working temperature of the devices itself: 
lower working temperatures guarantee longer lifetimes. A good thermal management 
has to be implemented in order to keep the light output decay as small as possible. 

In our design a set of thermal fins has been added on the back of the LED metal 
core PCB that efficiently spreads the heat produced by the LEDs on a wide surface 
keeping the devices temperature reasonably low. 

Additional cooling systems with axial fans blowing on the mentioned fins could 
further reduce the working temperature at the expenses of an increased noise level. 

4    Achieved Results 

The previously mentioned techniques have been implemented in monitor samples us-
ing array of 40 high power LEDs. Some measurements were carried out in order to 
evaluate the system performances. 

An 18” monochrome monitor was calibrated at three different color temperatures 
(6500K, 7600K and 9300K) and at a luminance level of 500 cd/m2. The measured 
power consumption of the complete set was around 49 W. The power consumption 
was roughly the same for a similar product provided with standard CCFL backlight 
and calibrated at the same luminance level was. Of course the CCFL model was not 
adjustable in terms of color temperature. 

Further improvements in terms of efficiency are advisable in the near future since 
the LED performance in terms of lumen per watt is continuously improving. 

The brightness and color uniformity of the complete set (including the LCD panel) 
was evaluated on a standard nine points pattern. 

The results were: 

• Brightness uniformity ≅ 85% 
• Color uniformity ≤ 0.005 u’, v’ i.e. matching the typical color detectability limit of 

the human visual system.  

5   Conclusion 

The LED-based backlight offers the unique feature of controlling the white point of 
displayed image (fine tuning of the LCD display’s white point and maintained over 
time); it guarantees panel-to-panel consistency in terms of white color and luminance 
and easier monitor replacement in multi-display installations.  
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The current monitors with CCFL backlights do not allow the white point control 
therefore the display matching can only be obtained through product sorting. 

Moreover the developed solution of LED backlight overcomes the main limitations 
linked to the LED technology such as efficiency and uniformity of both color and 
brightness and offers saving in cost of ownership by achieving a longer life time 

It enhances the image accuracy and stability in critical applications such as the 
medical imaging ones. In fact appropriate matching of the white point of two or more 
adjacent displays ensures consistency in the various medical images and improves the 
accuracy of the task of physicians and radiologists. 
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Abstract. This paper addresses current research activities on the interaction be-
tween light and humans, including visual perception as well as cognitive, bio-
logical, and emotional factors. We focus on issues which can be deployed at  
office workplaces and describe how we adopt these findings at the “nLightened 
Workplace” at the Fraunhofer Institute for Industrial Engineering. The nLight-
enend Workplace integrates illumination and information displays in offices. 
We present our latest developments such as “Heliosity”. We will give an out-
look on our future research work on human factors in lighting. 

Keywords: Lighting, Office Work, Human Factors, Performance and Health. 

1   Introduction 

Designs of ergonomic workplaces cover all elements of a working system and the 
relevant environmental factors. Light is an important factor for the appropriate inter-
action of humans, technology and information. 

More than half of the people asked in a random sample in a study done by 
Çakir/Çakir  [5] describe the lighting situation in their job with negative attributes like 
unpleasantly and unfriendly. Very often artificial lighting is not only considered as 
unpleasant, but even as health-impairing. Natural light even affects vital functions of 
the human organism. 

Due to architectural restrictions however, healthy and productivity-enhancing natu-
ral light in offices can rarely be ensured. Missing natural light makes artificial lighting 
indispensable especially in winter after dusk. Sophisticated artificial lighting concepts 
can prevent health impairments and support motivation and performance capability of 
humans. To avoid tiredness during winter or noon and to prevent seasonal affective 
disorder or changes in mood, the employment of smart lighting concepts is essential. 

The impact of light to humans can be summarized in three main topics: 

• Visualization of Information 
• Illumination of the environment and 
• Effects on Health  

In this paper we will address these topics with innovative concepts to improve the 
quality of life and save energy at the same time.  
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2   Impacts of Light on Humans 

2.1   Biological Effects of Light 

The biological scope of light differs vastly from the visual effect. Light that infiltrates 
over the eye and skin into the body is an essential external trigger for the endogenous 
rhythms. It triggers the endogenous oscillator according to rhythms of days, weeks 
and years and therefore the function of ductless glands and cell metabolism. Hence 
light takes regulative effects on the complex arrangement of functions of the organ-
ism. The communication of the viscera is based on the release of the hormone mela-
tonin into the cardiovascular system [15]. 

The amount of melatonin that is produced by the pineal gland is regulated by the 
circadian photoreceptor melanopsin in the retina of the eye. Melatonin causes tired-
ness and regulates the sleep-awake-rhythm and further circadian organ functions. The 
production of melatonin is aborted through effect of light [1]. 

The sensibility of melanopsin dependant on the wavelength is shown in figure 1. 
The maximum of the melatonin suppression and therefore the circadian activation is 
at 464 nanometers, which corresponds to blue light [16]. 
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Fig. 1. Circadian sensitivity curve (Brainard et al. 2001) 

2.2   Emotional Effects of Light 

Balanced illumination and enjoyable colour temperatures attend the well being in the 
short and long term [10] [13] ascribes a relaxing effect for the raise of well being, 
appetite and quality of sleep to the natural sunlight. The emotional effect of light is 
sensed extremely individual and depends on experiences and moods. Thus light and 
illumination conditions that are comparably comfortable for all people do not exist. 
However the following effects are indentified: 

Cool and white illumination with narrow spectrum lead to increased hyperactivity, 
exhaustion, excitability and attention deficits, whereas lamps with full spectrum con-
tribute to an overcoming of problems with reading and learning [12]. 
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Glaring illumination can result in an inner tension, psychological fatigue and im-
pairment of condition. Glaring is often associated with the attributes colourless and 
cold (more than special colour temperatures).  

2.3   Effects of Light on the Cognitive Performance  

Cognitive functioning domains range from simple attention to logical reasoning, 
working memory, long-term memory, and complex executive functions that are usu-
ally assessed through objective, task-oriented performance measures. The main cogni-
tive processes are shown in figure 2. 

 
Attention

Memory

Executive functions

Alertness and arousal Sustained attention or vigilanceDivided attentionSelective attention/flexibility Sleepiness and fatigue

Procedural memorySemantic memoryEpisodic memoryWorking memory

Inhibition

Perceptual Representation System

PlanningRule deduction an categorizationShifting  

Fig. 2. Overview of the main cognitive processes 

Some cognitive functions – like attention and activation – are connected to the 
temporary devolution of the circadian rhythm. This is revealed through the coinci-
dence of drops in performance and a minimum of body temperature, which serves as 
an approved indicator for the circadian rhythm [4]. In more simple visual tasks the 
maxima of body temperature and performance curve occur nearly simultaneous at 
about 8:00 p.m. 

Attention denotes a central cognitive function. It is imaginable in many degrees 
from casual remark to full attention, whereas the last one can be hold only a short 
time (Schmidt et al. 2007). Vigilance is related to frequency of occurrence, signal 
strength and other context criteria (e.g. light). [9] proved that an enhancement of illu-
mination strength can raise vigilance. For complex tasks a precipitous ascent of vigi-
lance in the morning, a performance maximum at early afternoon and a subsequent 
slow decline of performance is denoted (Folkard 1990). This difference to the devolu-
tion in simple, visual tasks arises probably from the influence of sleep regulating 
processes [7]. The sleep requirement increases over the period of being awake  
(Fig. 3). This seems to derogate the execution of more complex cognitive tasks in a 
bigger extent than the one of more simple visual tasks.  
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Fig. 3. Circadian und homeostatic processes as mediator of being awake and asleep  
(Edgar et al. 1993) 

Central influence on the attention has activation – that is also called alertness [1]. 
Fluctuations of attention reflect a varying level of activation. The influence of light on 
the activation is obvious in the natural circadian rhythm. Corresponding to Cajochen 
(2007) tiredness and performance decline can be countered by short-wave blue light. 

3   Impulses for the Arrangement of Light at the Workspace  

Effects of light on mood, performance and health remained widely unconsidered in 
work design. Only since few years the interest in an integrated arrangement of light 
has increased. Illumination systems that are designed according to the requirements of 
humans establish appropriate conditions for cognitive and physiological work and 
contribute to maintaining health of working people. To attune the situation of illumi-
nation to human’s needs the following criteria should be followed:  

− Conservation of photometric quality criteria, 
− with reasonable dynamic change of light, 
− under inclusion of natural day light. 

Emotional effects refer basically to individual subjectivity and can’t be appropri-
ately determined by means of objective criteria. For coloured lighting design the prin-
ciples of harmony should be considered. Beside the principles for creation of harmony 
of colours mainly the avoidance of disharmonies and the comprehension of a prefera-
bly wide spectrum should be regarded. 

For the human oriented light design it is recommended that illumination is not per-
ceived as a static, consistent installation in a room and his restricting surfaces. 
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At present a series of prototypical installations do exist that emit blue light of high 
intensity with a wavelength of 464 nanometers. By suppression of the release of mela-
tonin an activating impact of the circadian rhythm is aspired. Because the circadian 
effective receptor is settled in the eye, an influence over the display as primary view-
ing object for screen handling seems to be effective. One should keep in mind that the 
circadian sensitivity curve differs from the one of the blue cones. The maximum of 
the blue receptors is at 420 nanometers, the one of melanopsin is at 464 nanometers. 
The level of activation should be designed in such a manner that additional burdens or 
even resistances are avoided. A shift of the circadian rhythm is imaginable if strong 
exposure to light at the workspace occurs during the morning or in the late evening 
(Fig. 4). The diagram clarifies how an exhausting phase shift rises with increasing 
level of illumination.  

 

-4

+2

-2

+4

0

DAY NIGHT

Weak lightStrong light

Process of the phase shift function

P
ha

se
 s

hi
ft

(h
ou

r)

 

Fig. 4. Influence of the moment of exposure to light on the phase shift of body temperature for 
two levels of illumination (Rea 2002) 

4   The nLightened Workplace at Fraunhofer IAO 

Today's display workplaces have one or two screens with approximately 20 inch di-
agonal. These displays-centered workplaces were shaped more by technical condi-
tions than by human requirements concerning performance and health. Apart from the 
ergonomic weaknesses of the limited screen surface and thereby same time repres-
entable information capacity limited the operational procedure. 

The n-Lightened workplace will overcome the limits of the traditional office work-
place and will replace these by the generalized concept of the digital work surface. 
The prototype of the n-Lightened Workplace is a 45 m2 room with modular walls that 
can be replaced by either displays, illuminated spaces or passive spaces with addi-
tional “tracked spots” that allow for the individual highlighting of moving objects. 
With this modular concept we are able to integrate new display technologies as soon 
as they are available as prototypes. To save energy the nLightened Workplace will 
use natural daylight as a source of light to backlight large area, passive Displays 



228 M. Braun et al. 

(LCD). A combination of a variable diffuser and a LCD panel will be used on a stan-
dard window to realise our “Smart Window”. All components of the nLightened 
Workplace, i.e. light sources, displays, daylight elements and passive areas will be 
controlled by a central system which knows the geometrical distribution of all com-
ponents and their physical properties such as the maximum luminance. Additionally 
the light emission from displayed images will be considered. The transmission of the 
picture information to the respective displays is network based; each display surface 
is a knot, visible in the network with defined parameters such as size, position, resolu-
tion and brightness. The brightness adjustment of the display surfaces is directly con-
trolled through their sources of light.  

A central control system enables the dynamic representation of an optimal light 
situation in space, within certain limits even selectable by the user. The n-Lightened 
Workplace (Fig. 5) is a research and integration platform for prototype applications, 
in which work and interaction concepts for concrete applications are developed and 
evaluated.  

 

Fig. 5. Design study of the nLightenend Workplace 

In nature, the colour of light changes during the day from a reddish warm white in 
the morning to cold, bluish tones during noon and to red during dusk. If one con-
cludes from the evolutionary adjustment of humans to those colour changes, then it 
needs to be examined if artificial dynamic lighting has positive effects on humans’ 
wellbeing and performance. Due to the coupling of human rhythms with natural light 
rhythms positive effects are to be expected with artificial dynamic lighting. “Helios-
ity” is such a light source which can be dynamically adjusted in both colour and in-
tensity. It is based on five differently coloured LEDs plus one cold-white LED  
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(Fig. 6). This enables us to tune the colour of light very similar to the changes of natu-
ral daylight. If all six LEDs are turned on simultaneously, Heliosity provides a white 
light with a nearly continuous spectrum similar to that of daylight (Fig. 7). Therefore 
we expect similar advantages for health and well-being as they are known from 
sunlight and full spectrum lamps. 

By dimming individual colours different light colours can be achieved with a dis-
crete spectrum. The CRI (colour rendering index) with all LEDs turned on is much 
better than that of standard fluorescent lamps (FL) and the colour gamut is larger than 
that of conventional LC-displays with LED backlight. The light guide design in con-
junction with the use of a plexiglas with specialized properties facilitates a smooth and 
uniform distribution of the emitted light. The plexiglas is a transparent, light-diffusing 
acrylic (PMMA) that exhibits special light-conducting and emitting properties.  

 
Fig. 6. Spectrum of LEDs used in Heliosity 

 

Fig. 7. Spectrum of Heliosity in comparison to daylight, LED-Backlight and fluorescent light 
(approximation) 

5   Future Research Work 

Under laboratory conditions we will examine the effects of dynamic light on humans’ 
working performance and health. We suppose that the synchronous light will improve 
health and efficiency. A desynchronisation might lead to illness and incapacity to act. 
We need to consider that the bluish-cool white and thus the melatonin suppression 
during noon could suppress the afternoon low, however, the warm white tones in the 
evening before the end of work could promote tiredness rather than suppress it. Vari-
ous colour sequences need to be investigated, compared and evaluated against their 
effectiveness to enhance productivity. Many cognitive functions of humans are subject 
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to the so-called Basic Rest Activity Cycles (BRACs). Natural light changes from light 
to shade caused by passing clouds occur in a similar time range as BRACs. It needs to 
be examined whether the reproduction of the cloud play by artificial lighting can 
stimulate cognitive functions. To investigate our hypothesis we are currently installing 
a large area LED display on the ceiling which will enable us to simulate various colour 
and light variations. 
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Abstract. The paper presents the ALADIN prototype for adaptive lighting con-
trol designed to assist elderly in achieving a state of well-being, developed as a 
FP6 EU funded project. It uses psycho-physiological features extracted from 
Electro-Dermal Activity (EDA) and Pulse signals to determine the subject’s 
mental state and adapts the lighting parameters in order to achieve a certain de-
sired state. One of the controller implementations was done using Simulated 
Annealing. Field test evaluations of this implementation are discussed. 

Keywords: adaptive lighting; psycho-physiological parameters; optimization 
algorithms. 

1   Introduction 

In this paper we will present the ALADIN system, built in order to enhance the well-
being status of elderly by controlling light through mood dependent psycho-
physiological parameters. 

Due to the socio-demographic change in most developed western countries, elderly 
populations have been continuously increasing. Therefore, developing preventive ar-
rangements and assistive systems that allow elderly people to live in their own homes 
independently as long as possible have become an economical and ethical necessity. 
Within the EU-funded project Ambient Lighting Assistance for an Ageing Population 
(ALADIN) a new adaptive lighting device that is capable to adapt to the psycho-
physiological needs of an elderly person has been developed and pilot-tested. The 
long-term aim is to create an adaptive system capable of improving the residential 
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lighting conditions of single living elderly person, so that it may support elderly indi-
viduals in the preservation of their independence. Main outcome criteria comprise 
wellbeing, life quality, mental and physical fitness as well as sleep quality. The system 
was evaluated for three months in field-tests with twelve subjects who were supported 
concerning technical matters by coaches during the test period. Results show a signifi-
cant increase of wellbeing, life quality and mental fitness.   

The project was realized by an interdisciplinary consortium of six partners, coordi-
nated by the User Centered Technologies Research Center in the Vorarlberg Univer-
sity from Dornbirn, Austria. The involved partners are: APOLLIS, Institute of Social 
Research and Opinion Polling, Bolzano, Italy; BME- Budapest University, Depart-
ment of Ergonomics and Psychologies; BLL, Bartenbach LichtLabor Innsbruck, Aus-
tria; Becker Meditec, Karlsruhe, Germany; GRP- Generation Research Program at the 
Ludwig Maximilian University Munich, Germany; UPB- University “Politehnica” 
Bucharest, Department of Applied Electronics and Information Engineering.   

1.1   The ALADIN Prototype 

The ALADIN prototype provides the following functions: 

• An adaptive control circuit and biofeedback system which can adapt various light 
parameters such as intensity, light distribution or color in response to the psycho-
physiological data. The system therefore continuously registers physiological indi-
cators of psychological processes on the surface of the body by wireless, smart 
sensors and transfers them to the adaptive feedback system. For this adaptive algo-
rithms are used to compute the lighting conditions best suited to the individual or 
to a particular situation. 

• A manual control system that can be adjusted via graphical user interfaces (GUI). 
This system does not only permit to override the computationally derived lighting 
parameters by the algorithms, but also allows the resetting of all light parameters to 
their default values. Moreover, supervisors may also change the individual con-
figuration of the adaptive algorithms by defining individually suitable values of the 
light parameters. These adjustments can in turn be used by the system for further 
refining and optimizing the adaptive algorithms. 

• An advice and support application based on the most recent findings on the factors 
that influence people’s sense of well-being, their mental alertness and physical fit-
ness to assist older people in becoming aware of their own affective-cognitive 
states including their circadian rhythms. This is achieved by visualizing the psy-
cho-physiological data received from the individual in a clear and accessible way. 

The structure of the system is represented in Fig. 1. The system user activates in an 
enlightened environment and has sensors that measure the interesting psycho-
physiological parameters. If they do not correspond to the desired person’s status, 
they could be changed by the adaptive light control circuit; it will modify the lighting 
conditions (intensity and spectral competence of the light) in order to bring the psy-
cho-physiological parameters to the desired situation’s target values. The change of 
the light parameters can be done also manually by the user. The system can advise the 
user regarding the mental state enhancement. 



 Lighting as Support for Enhancing Well-Being, Health and Mental Fitness  233 

Users can control the ALADIN system by a standard remote control. The chosen 
parameters and settings are displayed on a standard TV screen. From the main menu 
they can select individual applications of the ALADIN system, like for example adap-
tive lighting or exercises. During adaptive lighting and biofeedback exercises psycho-
physiological data of the user are monitored and are either used to calculate and apply 
new lighting situations (adaptive lighting), or visualized on the TV screen (biofeed-
back) for giving the user feedback of his current state. In both cases a feedback loop is 
created. In addition to adaptive lighting, users can also switch to a manual lighting 
mode at any time. Furthermore, activation exercises are supplied to help users get 
mentally activated. After finishing the exercises their results are then visualized in an 
accessible manner, where users can see how they improved over time. Based on these 
results also well-being advices are provided by the system to support the users. 

 

Fig. 1. Structure of the ALADIN system 

1.2   Realization Steps of the System 

The system was realized, tested and refined in less than two years, in a collaborative 
work between partners.  

The prototype of the ALADIN system was developed in the first year of the project 
based on the results of the requirements analysis. However, elderly people were in-
volved in the development of the software as well as invited to provide feedback used 
in the prototype at all stages. The system was tested from January until August 2008 
and evaluated in twelve households in Germany (Bad Tolz), Austria (Innsbruck, 
Dornbirn) and Italy (Bolzano) under field conditions. 

Essential to build the prototype was to establish the light sensible psycho-
physiological parameters of users. This was the major responsibility for the team of 
Budapest, Prof. Lajos Izsó with his Ph.D. students Lazsló Laufer and Ádám Horváth. 
They established by experiments done on elder people that especially the skin con-
ductance and the heart rate could be light controlled and that they have variation 
trends which can be associated with a state of relaxation or activation. 

Also very important was to have adequate sensors to measure these parameters and 
transmit the results wireless to the processing part of the prototype. Each user has to 
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keep on him these sensors during the experiment, and put them easy up and down. 
That was the task of Becker Meditec, directed by Klaus Becker. 
In order to use this signals, a signal processing chain was devised, with contribution 
of all partners, after long discussions, in order to fulfill best possible the requirements 
for the developed algorithms. 

Two teams were responsible to develop algorithms: the team Andreas Künz, 
Philipp von Hellberg and Karl-Heinz Emich directed by prof. Guido Kempter from 
the Applied Sciences University of Vorarlberg (FHV) and the team prof. Inge Gavat, 
prof. Ovidiu Grigore and Marius Cotescu from the University “Politehnica” Bucharest 
(UPB). FHV developed the manual control, the advice program and a genetic algo-
rithm to automatic light control. The basic soft installation and the supervision of the 
platform programs was also their responsibility. UPB developed three light control 
algorithms in form of stochastic optimization algorithms: the global random search, 
the local random search and the simulated annealing. 
The controllable lighting system was realized by Bartenbach LichtLabor (BLL) team, 
Markus Canazei, and Siegfried Mayr directed by Wilfried Pohl. They also provided 
an interesting evaluation of the light controlling algorithms, the genetic one and the 
simulated annealing. 

The field tests, during from January 2008 until august 2008 were conducted in 12 
households: in Italy by the Apollis team, Ulrich Becker and Elena Vanzo directed by 
Hermann Atz, in Germany by the GRP team, Astrid Schuelke, Astrid Plankensteiner, 
and Guido Haase directed by Herbert Plischke and in Austria by the FHV team Edith 
Maier and Guido Kempter. The tests were very laborious but successful and proved 
for the test subjects’ enhancements in mental fitness and quality of life.  

The results determined long discussions in the project team continued during the 
congress “Light and the Ageing   Society” held in October 2008 in Bad Tolz. At the 
end of the congress we could conclude that the ALADIN project is a first, but impor-
tant step on the way to help elderly to live independently in their own homes as long 
as possible with light based assistive technology. 

2   Signals and Control Algorithm 

The Adaptive Lighting System is composed of two main modules: the Signal Process-
ing Module, and the Light Control Module. The Signal Processing Module records 
and analyses the data collected from the subject in order to extract three features, 
while the Light Control Module uses the information provided by the features to de-
termine the new lighting parameters. 

2.1   The Signal Processing Module 

The information of the subject’s psycho-physiological state is extracted from two 
sources: Electro-Dermal Activity (EDA) and Pulse signals [1]. The EDA signal is 
collected using two electrodes placed on the subject’s hand and The Pulse signal is 
measured using a pulse-oximeter. From these two signals, three features are extracted: 
Skin Conductance Level (SCL), Skin Conductance Response (SCR), and Inter Beat  
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Interval (IBI). The SCL and SCR features are extracted from the EDA signal and 
offer important information of the subject’s psycho-physiological state, while IBI is 
extracted from the Pulse signal, offering complementary information on the subject’s 
activation or relaxation state. 

 

 

Fig. 2. EDA processing for extracting SCL (top) and SCR (bottom) features 
 

SCL and SCR are the continuous and, respectively, alternative components of 
EDA. The SCL is computed as the moving average of the skin conductance calculated 
using a certain time window, while the SCR feature is obtained by subtracting the 
SCL feature from the raw EDA data. In our measurements the time window was 2 
seconds long, but slightly shorter or longer windows are also applicable. It is worth 
trying to experiment with different window sizes in order to maximize the algorithms’ 
light adaptation capability. 

Both features show a strong response to the light stimulus. The subject reacts to a 
light stimulus by a sudden rise of the EDA signal, followed by a slow decrease of the 
signal’s value. Tests performed by our partners from the University of Budapest [2], 
show that a relaxed subject should have small values both for the SCL, and SCR fea-
tures. But because of the EDA’s reaction to light, the SCL feature might not fall quick 
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enough after the reaction to the light stimulus, thus building up in value even though 
the SCR feature shows that the subject is relaxed.  

The Electro-Dermal Activity (EDA) is measured in micro-Siemens; the value of an 
average adult is between 10 – 20 micro-Siemens. According to our and BLL’s ex-
periments elderly sometimes does not have almost any skin conductance, sometimes 
have only up to 4 micro-Siemens. This means that if we are developing algorithms for 
elderly, in the software development period we have to use elderly as test person, 
otherwise the algorithms might not be applicable for them. 

IBI (Inter-Beat Interval) is the time interval elapsed between two heart beats. It is 
measured as the distance in time between two maximums of the pulse signal. As we 
said earlier, the Pulse signal is measured using an oximeter. This technique is fre-
quently subject to artefacts caused by the patient’s movements that are propagated 
into the IBI signal as high frequency spikes. These can be easily removed from the 
signal through integration.  

 

Fig. 3. Pulse signal processing 

After each change in the lighting conditions, the SCR, SCL and IBI features are 
monitored for 20 seconds in order to extract the mean SCL, the standard deviation of 
the SCR feature and the mean IBI over the analysis window. Further on, by SCL, 
SCR and IBI we will be referring to the values computed from the 20 second analysis 
window. The three features are integrated in an objective function through the follow-
ing equation: 

IBISCLSCRE ⋅+⋅+⋅= 1.02.07.0  (3) 

2.2   Simulated Annealing 

Simulated annealing is a generalization of a Monte Carlo method for examining the 
equations of state and frozen states of n-body systems [3]. The concept is based on the 
manner in which liquids freeze or metals re-crystallize in the process of annealing. In 
an annealing process a melt, initially at high temperature and disordered, is slowly 
cooled so that the system at any time is approximately in thermodynamic equilibrium. 
As cooling proceeds, the system becomes more ordered and approaches a "frozen" 
ground state at T=0. Hence the process can be thought of as an adiabatic approach to 
the lowest energy state. If the initial temperature of the system is too low or cooling is 
done insufficiently slowly the system may become quenched forming defects or freez-
ing out in meta-stable states (i.e. trapped in a local minimum energy state).  
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The original Metropolis scheme was that an initial state of a thermodynamic sys-
tem was chosen at energy E and temperature T, holding T constant the initial configu-
ration is perturbed and the change in energy dE is computed. If the change in energy 
is negative the new configuration is accepted. If the change in energy is positive it is 
accepted with a probability given by the Boltzmann distribution ( )TdE−exp . This 
processes is then repeated sufficient times to give good sampling statistics for the 
current temperature, and then the temperature is decremented and the entire process 
repeated until a frozen state is achieved at T=0.  

The most commonly used annealing schedule is the exponential cooling. Exponen-
tial cooling begins at some initial temperature T0, and decreases the temperature in 
steps according to Tk+1=α Tk where 0<α<1. Typically, a fixed number of moves must 
be accepted at each temperature before proceeding to the next. The algorithm termi-
nates either when the temperature reaches some final value Tf, or when some other 
stopping criterion has been met. 

The choice of suitable values for α, T0 and Tf is highly problem-dependent. How-
ever, empirical evidence suggests that a good value for α is 0.95 and that T0 should be 
chosen so that the initial acceptance probability is 0.8. The search is terminated typi-
cally after some fixed, total number of solutions has been considered. A more detailed 
description of the algorithm and parameter optimization can be found in [2] and [4]. 

3   Algorithm Evaluation in Field Tests 

The field tests were performed at three locations: one in Austria at Innsbruck, one in 
Germany at Bad Tolz, and one in Italy at Bolzano. At each location, four volunteers 
were chosen, age 65 or older, who received an Adaptive Lighting System for their 
personal use. The tests lasted for four weeks. During this period they were asked to do 
at least one test lasting 30-60 minutes every day. The data was recorded and later 
analyzed at Bartenbach LichtLabor.  

The lighting system is shown in Fig. 4, and it consists of four ambient and one lo-
cal light systems. Each light system has two independent light sources, one with a 
Colour Temperature of 2700K, and one with 8000K. Each light source is dimmable, 
covering a spectrum from 2700K to 8000K. The ratio between local and ambient light 
is adjustable. 

 

Fig. 4. Lighting system components 
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The main goal of the analysis was to determine whether the system functioned cor-
rectly and succeeded in inducing the subject a state of relaxation. We have analyzed 
the variation of lighting parameters and psycho-physiological features during the 
tests. The mean and standard deviation was computed for the psycho-physiological 
and lighting parameters at the beginning and end of every test. The biological fea-
tures’ evolution is shown in Fig. 5. The SCR feature clearly shows a descending 
trend, indicating that the system succeeds in relaxing the subjects. The SCL shows a 
small variation towards lower values, but it is too small to be considered significant. 
The IBI feature remains relatively constant. These results are in accordance with the 
study performed by our partners at the University of Budapest. 
 

 
  a) 

 
  b) 

 
  c) 

Fig. 5. Psycho-physiological features variation: a) SCR, b) SCL, c) IBI 

 
a) 

 
b) 

Fig. 6. Lighting parameters variation during tests. a) Intensity, b) Color Temperature. 

Fig. 6 shows the variation of the lighting parameters during the tests. The light’s 
Intensity clearly moves toward lower values, which seem to induce the relaxation 
state. The light’s Color Temperature, on the other hand doesn’t show the same kind of 
variation, indicating that its influence on the subject’s state is much lower.  

Fig. 7 depicts the SCR map over the Lighting Parameters space for one of the sub-
jects. The surface is similar with the one that we have obtained during laboratory 
tests, and shows a global optimum towards lower Intensity and Color Temperature, 
but also the same local optimum in the middle of the map. 
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Fig. 7. SCR feature map for one of the volunteers 

4   Conclusion 

We have developed and adaptive lighting system intended to enhance the elderly 
population’s state of well-being by assisting them in achieving the desired mental 
state – either relaxed or activated. The system relies on 10 independent channels of 
light – half providing a 2700 K white light, and half 8000 K – to deliver a large pal-
ette of light intensity and color temperature. The lighting parameters can be controlled 
either by manual input, or by automatic control provided by the Adaptive Lighting 
Controller which was implemented using the Simulated Annealing algorithm. 
The system was tested on 12 volunteers, older than 65 years, in three different Euro-
pean locations. The field tests showed that the SCR feature was more dependent of 
the lighting situations than the other two psycho-physiological features. It also 
showed that the light intensity played a more dominant role in determining the sub-
jects’ psycho-physiological state over the color temperature. 
We consider the system to be an important step towards commonly using adaptive 
lighting in households to improve the inhabitants’ well-being by providing assistance 
in achieving a desired mental state. 
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Abstract. In this research, we observed the user’s posture while using PDA. 30 
participants typed the keys with standard QWERTY keyboard on the PDA. At 
the end of the experiments the participants who have professional background 
in design were asked to complete an open-ended questionnaire, which is in or-
der to evaluate the usability of the PDA. In the final, we presented the sugges-
tion of design criterion for keyboard, as to provide the references for future 
PDA design. The statistical result of the posture while using the PDA revealed 
that the most users held PDA with both hands and pressed keys with both 
thumbs. The findings in this research suggest that when we design small input 
devices such as PDA in the future, the stability of the keyboard usage should be 
taken into considerations to enhance its input performance and improve user 
experience. 

Keywords: Letters Key Design, PDA Typing Posture. 

1   Introduction 

The use of digital mobile devices is becoming popular with the fast growing economy, 
many business workers have grown used to working with a PDA to do computer re-
lated work. The most common work done on a PDA is text input, which includes the 
input of electronic mails or SMS text messages. Many past researches had focused on 
the muscle and bone injury caused during text input using a keyboard: Serina and 
others [1] found that incorrect wrist and forearm posture during text input is a risk to 
indisposed upper limb muscle and bone; Straker and others[2]did research on the 
comparison of text input posture between the use of desk top computers and laptop 
computers back in 1997, along with the effect on typing posture change under differ-
ent types of working environment; Kotani and others[3] brought forward the effect 
different horizontal positions of keyboards have on forearm and wrist posture during 
typing; the further the keyboard is from the user the smaller the ulnar deviation angle 
and the larger the back bending angle, a supporting mattress could help with the back 
bending problem. As for posture analyzing, Baker and others [4] brought forward the 
study of kinematics of fingers and hands during computer operation. 

Colle et al.[5]studied the features of the keys, focusing on the experiments on the 
different sets of key sizes (10, 15, 20, 25mm) and gaps (1.3mm) between virtual number 
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keys. The best size was found to be between 15~20mm, and no obvious effect was 
found in the gap differences. Gong and Tarasewich[6]designed a new alphabetical dis-
tributed input pattern to be used on mobile phone keypads. Sears et al. [7]studied the 
effects of different key sizes and user operation on virtual key data input on mobile 
devices. Many others studied different types of keys [8][9][10][11], including varies 
virtual and concrete keypads and small-sized concrete keypads designed for mobile 
devices. Li et al.[12]studied single-handed input keypad design. Kim et al.[13]studied 
the use of small QWERTY keypads on portable electronic devices. Wobbrock et 
al.[14]studied the integration of joystick control and touch screen as an input pattern on 
small devices. As for key operation efficiency, Silfverberg el al.[15] established a for-
mula predicting text input speed on mobile phones. Mizobuchi et al.[16]focused on the 
connection between walking speed and the level of mobile phone text input difficulty. 

From earlier researches, many human-engineering related problems on standard 
computer keyboard input operation have already been discovered, especially prob-
lems with diseases caused by long-term incorrect posture. However, these standard 
keypad arrangements are still very common in the market today. With increased func-
tions and decreased sizes on mobile devices, small-sized standard keypads are being 
used, especially on personal digital assisting devices. Using a large number of keys in 
a limited space with a repetition of incorrect posture often causes injury around hand 
areas (fingers, wrists, forearms etc.). For fingers, past studies focused on thumb pos-
ture during mobile phone operation [17], thumb adduction/abduction and palm flex-
ion/extension problems were found. Since no literature has fully covered the study of 
PDA keypad operation posture, our research will focus on the observation of vertical 
QWERTY keypad operation on text input, with further advice on key designs. 

2   Method 

The NOKIA E71 model has been chosen for our experimental observations.  There 
are two major stages to the research. The first stage covers the observation of PDA 
operation posture of users and the later stage focuses on the connection between PDA 
operation posture and the pain caused. Our goal is to conclude suitable operation 
posture for PDA and recommend better PDA key designs. 

2.1   Experiment A: PDA Operation Posture Observation 

Experiment A observes the different types of PDA operation posture. That is, observing 
vertical PDA users typing English on QWERTY keypads, focusing on the operation 
posture while standing and sitting. The independent variable being the operation style 
(standing, sitting), the dependent variable being hand posture types, the controlled 
variable being gender, distance between screen and participant, and experimental envi-
ronment. Data obtained from the experiment is handed to four human-engineering 
specialists for further classification according to posture.  

2.1.1   Subjects 
Thirty subjects were obtained from National Cheng-Kung University. They were 
asked to be right-handed with no RSI or other hand injuries, to frequently input text, 
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and to have normal eye-sight with or without lenses. All subjects need to sign an 
agreement prior to the experiment. The 30 subjects participating in the experiment all 
came from a design background, between the ages of 21-37 with an average age of 
24.7±3.2, and an average palm width of 78.42 mm(SD: 6.55). Subjects include 15 
male, with an average age of 26 (SD: 1.08) and average palm width of 84.07 mm (SD: 
0.80); 15 females with an average age of 24 (SD: 0.47) and an average palm width of 
72.77mm (SD: 0.85). 

2.1.2   Experimental Procedure and Measurements 
Describe the goal and task of the experiment to subjects in advance and ask for basic 
information and measure palm width. Then ask subjects to operate on the PDA mod-
els in the two operation styles of standing and sitting. The subjects are asked to input 
English text once for the two operation styles, with the text given to them on a Micro-
soft Power Point 2003 file 460 cm in front of them. The operation style order and one 
of the two English text is given in random. 15 subjects are asked to stand first and 15 
to sit. The distance between standing and sitting subjects is 91.7cm.  

Prior to the experiment, researchers describe experiment procedures to the subjects 
and do test runs. Photographs are taken to keep a record of posture before and after 
operation. Subjects are asked to input an English text with a model of the NOKIA E71 
mobile phone and are asked to read each letter as they type to record the input speed. 
For example, when inputting the sentence “Do not laugh”, subjects will need to read 
“D” after typing it, read “o” after typing “o” and say “space” after entering a space 
and so on. During the standing operation experiment, subjects are asked to operate in 
a natural and comfortable manner. During the sitting operation experiment, a table of 
73cm in height, 69cm in width and 59.5cm in depth is placed in front of the subjects. 
The subjects are asked to operate in a natural and comfortable manner with or without 
hands on the table. During the experiment, researchers record the sitting experiment 
with a CANON IXU 600 digital camera and the standing experiment with a CANON 
IXU 800 digital camera, focusing on hand movement operation posture.  Another 
Panasonic digital camera is used to record hand posture before and after operation of 
both styles; shooting a hand-held posture photograph from each of the front angle, 
upper angle, right angle, and left angle. Lastly, the subjects are asked to fill out a 
questionnaire concerning PDA keypad operation analysis and related questions.   

2.2   Experiment B: Observation of the Connection between Various Posture and 
Pain 

Experiment B focuses on the connection between various posture and pain.  Accord-
ing to the hand-held and thumb typing posture concluded from experiment A, study 
the connection between different PDA typing posture and pain(including index finger 
support, little finger support, ring finger support, and four finger support).  The inde-
pendent variables include index finger support posture, little finger support posture, 
ring finger support posture, and four finger support posture; the dependent variables 
include the level of pain in the thumb, wrist, elbow, forearm, shoulder and neck; the 
control variables include the distance between drawing board and subjects, and ex-
perimental environment. Lastly, data is analyzed using repeated measures. 
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2.2.1   Subjects 
Thirty subjects participated in the experiment, with 14 male and 16 female. They are all 
right-handed with no RSI or other hand injuries. They are familiar with text input and all 
have normal eyesight. The average height for male subjects is 174±6.98 cm, average left 
hand length being 186.21±17.78 mm and right hand length being 183.25±17.41 mm; 
average left palm width being 80.32±5.01mm, right palm width being 82.21±4.61 mm. 
The average height for female subjects is 162.5±5.39 cm, average left hand length being 
172.19±8.83 mm and right hand length being 171.53±9.70 mm; average left palm width 
being 73.5±3.55mm, right palm width being 74.86±3.61 mm. 

2.2.2   Experimental Procedure and Measurements 
First explain the goal and tasks of the experiment to the subjects and ask them to fill 
out basic information and sign an experiment agreement. Then, subjects must support 
the PDA in certain posture to input an English text, one specific posture for each text 
message. Specific supporting posture includes index finger support, little finger sup-
port, ring finger support, and four finger support. Subjects draw out the posture order 
before typing, each subject is required to type four different texts with a different 
posture for each. The texts are four short descriptive articles chosen from the website: 
http://health.discovery.com, each contain about 179-184 words without punctuations. 
The procedure for each posture has a time limit of six minutes. Since PDA is a mobile 
device that is mostly used standing, hence subjects are asked to stand for the experi-
ment. During the input process, subjects are allowed to move their bodies but not their 
hand posture. Researchers will record the standing posture by taking a photograph 
every 2 minutes with a digital camera on the front-right and the front side of the sub-
ject. When one text is done, researchers make a record of the number of words, and 
the subject is asked to complete a questionnaire about the pain caused by the posture. 
Analysis is done on five parts of the body (thumb, wrist, elbow, forearm, shoulder and 
neck), rating from 0~10, where 0 stands for no pain and 10 stands for the most pain. 
After completing the analysis for each of the four posture, researchers will measure 
the palm width and hand length of the subject. 

3   Results and Discussion 

3.1   Experiment A: Observation Results of PDA Operation Posture Types 

In this subject we have differentiated PDA operation posture into standing and sitting, 
hand-held posture into left hand support, right hand support and two hands support. 
With a standing posture, 90% (27 subjects) supported the PDA with two hands, 6.7% 
(2 people) supported with left hand, and 3.3% (1 person) with right hand; with a sit-
ting posture, 83.3% (25 people) supported with two hands, 6.7% (2 people) supported 
with left hand, 3.3% (1 person) with right hand, and 6.7% (2 people) set it on the desk 
for operation. 

There are four posture for pressing the keypad (Fig. 1): right thumb pressing, right 
index finger pressing, two hands thumb pressing and two hands finger pressing.  With 
a standing posture, 13.3% (4 people) pressed the keypad with right thumb, 3.3%  
(1 person) pressed with right index finger, 73.5% (25 people) pressed with two  
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Table 1. Handheld posture 

 Standing Sitting
Two hands support  27 25
Left hand support 2 2
Right hand support 1 1
Lying on desk 0 2
Total 30 30

Table 2. The Pressing and support posture 

Pressing posture on keypads. Standing Sitting 

Right hand thumb pressing 4 3 

Right hand index finger pressing 1 2 

Two hands thumb pressing 25 24 

Two hands all fingers pressing 0 1 

Total 30 30 

Upper edge support posture. Standing Sitting 

Two hands index fingers 8 6 

Single hand index finger supporting upper edge of PDA 5 3 

No upper edge suppor 17 21 

Total 30 30 

Lower edge support posture. Standing Sitting 

Middle finger support lower edge 3 2 

Ring finger 9 12 

No lower edge support 6 9 

total 12 7 

Total 30 30 

thumbs in turn; with a sitting posture, 8.8% (3 people) pressed the keypad with right 
thumb, 5.9% (2 people) pressed with right index finger, 70.6% (24 people) pressed 
with two thumbs in turn, and 2.9% (1 person) pressed with two index fingers in turn. 

During PDA operation, users often use finger support to gain stability, we will look 
at upper edge support and lower edge support: With a standing posture, 16.7% (5 
people) uses an index finger to support the upper edge of the PDA, 26.7% (8 people) 
use two index finger, 56.7% (17 people) did not support the upper edge; With a sitting 
position, 10% (3 people) used a middle finger to support the lower edge, 30% (9 peo-
ple) used a ring finger, 60% (9 people) used a little finger, and 13.3% (7 people) did 
not support the lower edge. 

To sum up, we have concluded 4 types of holding posture from the observation in 
experiment A (Fig. 2). They are two hand holding posture, thumb pressing, upper 
edge support, and lower edge support. The results show that the two hand holding  
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posture and two thumb typing in the main stream for PDA operation. During the sit-
ting and standing posture, subjects used two index fingers to support the upper edge 
of PDA or simply no upper edge support; With a standing posture, subjects either 
support the lower edge of PDA by using ring fingers or simply did not support the 
lower edge; with a sitting posture, many support the lower edge with ring finger and 
little finger to gain stability. 

 

Fig. 1. Key pressing posture 

 

Fig. 2. Grip and stability posture 

We looked at the connection between the various posture using χ2 , and found a 
positive connection between handheld posture and fingers used for typing with both 
standing and sitting posture, a connection between upper edge support and lower edge 
support, a connection between handheld posture and whether forearm is leaning 
against table in a sitting posture, a connection between elbow support and hand sup-
port in a sitting posture, and a connection between elbow support and forearm learn-
ing against desk in a sitting position.   

As for the keys, subjects generally commented on PDA keys being too small, caus-
ing a high error rate, and the large number of characters causes confusion in recogni-
tion. The clarity and choice of icons and the convenience of symbol and input  
language switching both need to be worked on, feedback sounds should be considered 
too; distance between keys needs to be clear for recognition and the keypad curving 
angle needs to avoid reflection. As for key arrangements, subjects declared that al-
though the arrangement is similar to a computer keyboard, keys may be hard to find 
for non-computer users, hence training may be needed. If chord corresponding keys 
are used then comfort needs to be considered, an alphabetical order arrangement may 
be more appropriate than a computer keyboard arrangement. After learning and train-
ing, chord corresponding keys should be able to reach the same average speed as the 
standard keyboard arrangement, the key size problem could also be solved. As for the 
PDA width size, subjects suggested a width that is comfortable to be held single-
handed, so it is comfortable to operate with one or two hands. This could be shown on 
the LCD screen by a horizontal displacement mechanism. 
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3.2   Experiment B: Observation Results of the Connection between Posture and 
Pain During PDA Operation 

From experiment A, we found that most people take the posture of two hand holding 
and two thumb pressing, and users take different posture to support PDA to gain sta-
bility. Since mobile devices require a fast-speed data transfer, stability in hands is a 
must. According to the stability supporting posture in experiment A, Experiment B 
focuses on the connection between supporting posture and pain during speed input 
operation. 

When supporting the lower edge of PDA with the index finger, the pain level caused 
from severe to mild goes from shoulder and neck(51.57), thumb(49.07), wrist(39.70), 
forearm(39.37), to elbow(37.47). When supporting the lower edge of PDA with the 
little finger, the pain level caused goes from shoulder and neck(47.23), thumb(42.73), 
forearm(37.37), wrist(35.83), to elbow(33.80). When supporting the back of PDA with 
four fingers, the pain level caused goes from shoulder and neck(53.23), thumb(40.70), 
forearm(40.43), elbow(33.63), to wrist(29.80). When supporting the lower edge of 
PDA with the ring finger, the pain level caused goes from shoulder and neck(53.30), 
forearm(40.73), thumb(39.53), wrist(38.60), to elbow(34.67). 

We can see that with either of the four posture, should and neck pain level were the 
most severe, followed by forearm, wrist, and elbow. After observing the full-body 
photographs, we found that subjects often make changes with standing posture, the 
shoulder and neck pain is caused by the long-term standing posture and the head 
movement due to the need of viewing the screen and external information. However, 
whether the connection exists between viewing the screen to input data and the shoul-
der and neck pain, is yet to be verified. The thumb pain caused by speed input with a 
fixed posture is rated second in the pain level. From this we can see that most people 
input with their thumbs, this creates speed, but causes excess burden on the thumbs 
even only for a short period of input time. Forearm and wrist pain were rated third. 
This could be caused by the wrist and forearm turning inwards, causing discomfort 
during speed data input. Elbow caused the least pain, and this could be due to the 
support given by chest and waist when placing elbows on the two sides of the body. 

Table 3. The consistency of pain analysis in the five areas. (LSD comparison afterwards) 

Area Thumb Wrist Elbow Forearm Shoulder and Neck 

Thumb  ◎△ ◎   

Wrist ◎ △   △ ◎ △ ● 

Elbow ◎    ◎ △ ● 

Forearm  △   ◎ △ ● 

Shoulder and Neck  ◎ △ ● ◎ △ ● ◎ △ ●  

◎: when supporting PDA with index finger support, p<0.05 

△: when supporting PDA with four finger support, p<0.05 
●: when supporting PDA with ring finger support, p<0.05 
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The repeated measures result shows no significant difference in the connection be-
tween thumb pain, wrist pain, elbow pain, forearm pain, shoulder and neck pain and 
the four supporting posture. Hence, the four posture do not cause significant pain in 
the five body areas. However, when testing the consistency of pain analysis in the five 
areas (Table 3), it shows a higher level of shoulder and neck and thumb pain in all 
except for the little finger support posture. Including when supporting PDA with in-
dex finger, thumb pain was more severe than the wrist and elbow pain, and shoulder 
and neck pain was more severe than the elbow, forearm, and wrist; when supporting 
PDA with four fingers, the thumb pain was more severe than wrist pain, shoulder and 
neck pain was more severe than elbow, forearm, and wrist pain, and the forearm pain 
more severe than wrist pain; when supporting with the ring finger, shoulder and neck 
pain was more severe than wrist, elbow, and arm pain. The reason why it shows no 
connection between supporting posture and pain, could be due to the length of opera-
tion, or the disturbance on analysis standards caused by analyzing five body areas for 
each posture. This means that subjects could forget the standard used for analyzing 
one posture from another. However, regardless of the supporting posture, thumb and 
shoulder and neck pain is easily seen during short-term fixed input posture compared 
to other body parts. 

4   Conclusion 

To make PDA portable, they are made small in size and light in weight. Due to its 
small-sized keys and limited space between the keys, users tend to use a single finger 
such as thumbs to press the keys. The size of PDA and its keys has a profound effect 
on the way people use them. We recommend designers to thoroughly consider the 
connection between key designs and operation posture. 

It has become a trend for PDA to be small in size. Hence the only change we could 
make to avoid physical burden during operation is to improve key designs and input 
styles. We found that most users hold PDA with both hands and type with both 
thumbs. Supporting the PDA with the index finger, little finger, ring finger, and four 
finger postures do not cause obvious pain in thumb, wrist, elbow, forearm, and shoul-
der and neck. There is a higher level of shoulder and neck and thumb pain compared 
to the other parts with all supporting posture except for the little finger support. There 
is no connection between the pain level caused and supporting posture, it has more to 
do with operation time period. Disregard the supporting posture used, when operating 
for a short time period with fixed posture, thumb and shoulder and neck feels a higher 
level of pain than the other body areas. Hence, designs should try to avoid the excess 
use of thumbs. Designers could improve on key arrangement designs to change the 
operation style of PDA input, in order to avoid users pressing the keys with only their 
thumbs; also improve on the shape of PDA to increase stability, in order to avoid the 
pain caused due to excess pressing motion. 
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Abstract. Paper introduces a vector keyboard for touch screen devices. Charac-
ters are typed by drawing a vector starting from a dedicated area. The typing 
area is divided into three clusters, each containing 9 characters. Measurement of 
typing speed and of number of typos reveals that the keyboard is comparable to 
ABCDEF virtual keyboard.  

Keywords: vector keyboard, virtual keyboard, touch screen, PDA, QWERT. 

1   Motivation 

The motivation of this work is to introduce a new, user friendly method for inserting 
text input on handheld devices. The widely spread insert methods are either using a 
limited hardware keyboard, graffiti, or a virtual QWERTY keyboard. Despite the fact 
that experienced users, who are well trained to use any of the named input methods, 
can be very efficient in typing text, each of the methods suffers with some limitations. 
The limited hardware keyboards are usually very small and difficult to press, graffiti 
is not intuitive and difficult to learn and finally the virtual QWERTY keyboard is, 
similarly to the hardware keyboard, small and often requires usage of stylus. The 
virtual QWERTY keyboard occupies a significant portion of the display that should 
be used for the application. We propose a method that was meant to solve most of the 
named weaknesses. 

2   State of the Art 

The current trend in mobile devices is to maximize the display area and to minimize 
the hardware buttons necessary to control the system. This aim leads to large touch 
screens with either virtual clickable keyboards or to vector, respectively gesture based 
text input. Palm Computing 5 introduced graffiti in Palm OS, a touch screen gesture 
input method, Microsoft implemented a similar system on its Pocket PC platform 
called Block Recognizer. The advantage of these methods is that the shapes to be 
drawn on the touch screen are similar to regular Greek alphabet. Nevertheless the 
shapes are quite complicated and the usage is not possible without an initial training.  

Other approaches like 1, 2 use gestures either on a virtual keyboard or within a 
dedicated area for writing letters. In each case, the gesture made on the touch screen is 
a complicated shape, typically a polyline. An interesting approach is introduced in 3 
where the virtual keyboard is split into several regions, each containing up to five 
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characters. The user can draw a curve which will select one character. The above 
mentioned methods suffer with one or more significant drawbacks. Either the user has 
to learn a completely new set of gestures or the typing is extremely difficult on the 
handheld due to a reduced screen space. The first is true in case of 2 and the graffiti 
system. These (and similar) writing systems try to introduce gestures that are some-
what similar to the Latin alphabet nevertheless they are significantly different in many 
cases. The second is true in case of 6 or 7 where the individual letters are not typed 
directly but are passed over by a pen stroke. This method is vulnerable to errors on 
mobile devices when the user is in movement.  

3   Our Approach 

In our approach we introduce a method that enables for one stroke, simple non curved 
line character typing on a touch screen. The primary idea was to introduce an input 
method that would make it possible to use both hands simultaneously for typing on a 
touch screen devices. When holding a mobile device, typically a PDA (Personal Digi-
tal Assistant) or a Smart Phone in both hands, only the thumbs are available for typing 
on the touch screen, see Fig.1. In such a case, considering a small dimensions of the 
touch screen and relatively big dimension of the thumbs, it is difficult to use a stan-
dard QWERTY  keyboard. The regular way of touching the keyboard becomes diffi-
cult in a mobile environment, users tend to mistype the proper area touch screen or 
touch them accidentally multiple times. Our approach uses typing gestures on the 
touch screen instead of typing. The gestures are extremely simple so that the users do 
not need to learn them or use some mnemonics. In our case the screen is divided into 
virtual keyboard area and the application area. The virtual keyboard requires less 
space than a QWERTY virtual keyboard.  

The keyboard is divided into three major clusters, each containing an array of nine 
characters. There are four additional functional buttons that switch beween 
upper/lowercase letters, numbers and special characters, backspace key and enter key. 
See Fig. 4 for details. 

 

Fig. 1. Typing letter 
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The usage of the keyboard is the following: The eight characters on the edge of 
each cluster are typed by drawing a vector starting wherever in the given area and 
pointing in parallel with a straight line from the middle of the box to the character 
typed. The method is displayed in Fig. 2.  

 
a
aa n n

n

3
3
3

 

Fig. 2. Typing the character a, n, and 3 

The character in middle of each cluster is typed by single tapping anywhere on the 
cluster area. For the user convenience the typing algorithm was enriched so that two 
spaces in a sequence are transformed into comma and a space followed by a capital 
letter.  

For the sake of simplicity this keyboard is currently not enriched by special na-
tional characters, only the basic set of characters conforming the US QWERTY key-
board is present. 

4   Evaluation and Testing 

The evaluation of the usability of the vector keyboard was based on a combination of 
a subjective evaluation of the evaluators and an objective performance measurement. 
The test conditions were following: 

4.1   Test Setup  

Each tests consisted of an introduction of the device, several types of keyboards, pre-
test interview, test of different keyboards and a post-test interview.  

Number of users: 9 
Device used: Mivvy UM-400 with stylus  
Input methods: external QWERTY keyboard, internal sliding keyboard, 

QWERTY touch screen, ABCDEF touch screen and vector keyboard touch screen. 
Each user was to use five different keyboards for typing texts. The keyboards were: 

1. Regular 105 keys PC keyboard attached via USB. Typing on such a keyboard re-
veals the experience of the user with work on a PC. 

2. Sliding keyboard of the ultra mobile PC Mivvy UM-400. This keyboard has a 
limited size and 65 keys, see Fig. 4. This keyboard has principally a QWERTY 
layout but should be operated by thumbs only. Typing on this keyboard reveals the 
user’s capability to use thumbs only on a quasi normal keyboard. 

3. QWERTY keyboard on the touch screen operated by stylus. The dimension of the 
keyboard does not allow for using fingers (thumbs). Similar to the previous case, 
this keyboard reveals the user’s capability to use stylus. 
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Table 1. User overview 

Nr. Age Gender PC  
Exp. 

Handheld  
Exp. 

Touchscreen 
Exp. 

Type 
Style 

Layout 

1 24 Male Yes Occasional Occasional 8 QWERTY 
2 31 Female Yes No No 10 QWERTZ 
3 12 Female Yes No No 8 QWERTY 
4 47 Male Yes No No 2 QWERTZ 
5 27 Male Yes Yes Yes 8 QWERTY 
6 33 Female Yes No No 2 QWERTZ 
7 44 Female No None No 2 none 
8 63 Male Yes No No 2 QWERTZ 
9 35 Male Yes Yes Yes 10 QWERTY 

 

Fig. 3. Mivvy UM-400 sliding keyboard 

4. ABCDEF keyboard on the touch screen operated by stylus. This keyboard has 
physically the same geometrical layout of keys but the keys are ordered in an al-
phabetical order. Typing on this keyboard shows the contrast between the layout 
the user is used to from the PC and a new layout which is easy to understand but 
not fully adopted by the user. 

5. Vector keyboard, which is the primary subject of testing. Due to the sensitivity of 
the touch screen used, stylus was used for operating it. 

1 2

3 4

 

Fig. 4. 1- QWERTY touch screen keyboard, 2 – ABCDEF touch screen keyboard, 3 – vector 
keyboard, 4- vector keyboard numeric set 
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Texts: We used texts of equal complexity, thematic and size that were dictated to the 
user so that the attention was not disrupted. Each text was approximately 100 words 
in length. All eventual foreign words or grammatical structures were dictated phoneti-
cally in order to minimize the cognitive load dedicated to text structure. 
 

Recording: Every letter typed was automatically logged with exact time and order. 
The evaluation was done by measuring various aspects of typing.  

4.2   Evaluation 

The evaluation has taken into account two aspects. The first one was the actual per-
formance of each user. The collected typing data were filtered so that all pauses be-
tween two characters longer than 3 seconds were removed. The reason for this was 
that such long pauses were always caused by influences different from typing difficul-
ties, for example by not understanding the dictated text or by interruption by external 
sources.  

By our observations the pauses between individual words were significantly longer 
than pauses between individual characters. Therefore we measured only times be-
tween characters within a single word, not between words. Number of typos was 
measured and number of deletes was measured. A multiple delete in a row was sug-
gested as a single delete operation due to the fact that some users deleted a series of 
characters after recognizing a typo instead of moving the cursor to the typo first. 

5   Results 

Experienced users showed very good performance in typing with QWERTY layout 
both hardware and virtual keyboard, see Fig. 5. This is an expected result since the 
layout is well memorized from previous experience.  

The most relevant comparison can be made between the ABCDEF keyboard and 
the vector keyboard, since the ABCDEF partly eliminates the user’s experience.  

The typing speed was comparable to the ABCDEF, see Fig. 5, which is considered 
a good result considering a new way of interaction (draw instead of tap). The drawing 
itself takes longer. 

Writing on vector keyboard caused significantly higher number of typos for most 
users (6 of 9). Fig. 6 shows sum of typos that were corrected by user during the test 
and typos that were not corrected at all. 

As a major problem of the tested setup of the vector keyboard were reported: 

1. The fact that the current design of the vector keyboard combines vector gestures 
with tapping. The tapping caused significant amount of typos and was also re-
ported as a subjective problem by the users. 

2. The angle dedicated for writing each letter in a cluster is 45 degrees that caused 
accidental write of a neighboring letter. 

3. The quality of the touch screen of the Mivvy UM-400 made it sometimes difficult 
to draw the vector in a satisfactory level. 
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Fig. 5. Average typing speed of one character on various keyboards 
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Fig. 6. Number of typos on various keyboards 

As a future improvement we recommend to introduce a layout with one more clus-
ter, each having eight characters only (with no letter in the middle) and thus omitting 
the tapping at all. 

Implementing an error correction based on a dictionary may also lead to reducing 
number of typos. The correction of typo of two neighboring characters can be done in 
case the direction of a stroke is close to a threshold between the two characters. 

We recommend developing and testing of a new prototype for capacitive touch 
screen device. Capacitive touch screen enables higher level of precision when recog-
nizing strokes and also makes it possible to control the vector keyboard by thumbs 
that may lead to different results. 

As a result we state that the vector keyboard as it was implemented does not com-
pete to the virtual QWERTY keyboard due to the generic experience with this key-
board. On the other hand, the vector keyboard was performing almost equally to the 
ABCDEF keyboard which shows that the method itself is as good as the tapping. We 
believe that further development of the vector keyboard, as it is suggested above, will 
lead to significant improvement of typing performance.   
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Abstract. This paper presents usability evaluation of a functional film named 
PenFit attached on top of a tablet PC. We compared a tablet PC with PenFit and 
that without PenFit from the viewpoint of the ease of writing. We considered 
several measures to evaluate the ease of writing. We propose “how people can 
write letters neatly (neatness)”, “how people can write quickly (speed)” and 
“how people can write without fatigue (fatigue)” as the measures to evaluate the 
ease of writing. As a result, it is suggested that the functional film provides the 
ease of writing. 

Keywords: pen interface, functional film, ease of writing, electromyogram. 

1   Introduction 

A Tablet PC is gradually getting common. The price-down is promoting its wider use 
in many scenes. However, the surface of LCD integrated tablets has been very hard so 
that a pen is slippery, people feel hard reaction from the surface, and they feel tired 
after writing. Although a tablet PC is promising for school children, this strange feel-
ing of writing is not favored by them.  

 

Fig. 1. PenFit on top of writing surface 

A functional film is proposed to enhance the ease of writing and provide smooth 
feeling of writing on a tablet PC. We select the product named PenFit, which has the 
largest sale, to evaluate whether it realizes the aimed effect. 
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2   Evaluation Measures 

We considered several measures to evaluate the ease of writing. We asked people to 
write on a tablet PC with PenFit and that without PenFit (naked tablet PC) and evalu-
ated the ease of writing according to these measures. 

We propose “how people can write letters neatly (neatness)”, “how people can 
write quickly (speed)” and “how people can write without fatigue (fatigue)” as the 
measures to evaluate the ease of writing.  

Moreover, for pen interfaces, such as menu selection, pen tap, dragging, and so on, 
pen operability is also important. On top of that, writing pressure is available from a 
pen so that we also measure it.  

We should measure these factors for people who are familiar with a tablet PC and 
people who have no experience of using it. 

2.1   Neatness 

The measure “neatness” is still broad so that we decompose it into 6 factors as follows:  

• Control: being able to control a pen just as we want. 
• Smoothness: feeling smooth when we write. 
• Continuation: being able to move a pen as we write. 
• Feedback: feeling proper reaction from the surface. 
• Naturalness: feeling natural as if writing on a paper 
• Tiredness: feeling tired (distinguished from physical fatigue). 
 

We let subjects to write text at three writing conditions, i.e., “Write it slowly”, 
“Write it as usual”, and “Write it as fast as possible” on a tablet PC with PenFit and 
on a naked tablet PC. We don’t tell the subject of using PenFit or not. After the ex-
periment, we let them evaluate the ease of writing. 

2.2   Speed 

We measure writing speed when the above subjects write text at three writing conditions 
of “slowly”, “as usual”, and “as fast as possible” on a tablet PC with PenFit and without it.  

2.3   Fatigue 

We measure the fatigue of the subjects when they use a tablet PC with PenFit and with-
out it. The subjects write text for 60 minutes including 5 minutes break after 30 minutes.  
We measure electromyogram after 10, 20, 30,45,55 and,65 minutes from the start. 

2.4   Pressure 

We measure the pressure of a pen to writing surface when the subjects write a tablet 
PC with PenFit or not. 

2.5   Operation 

We perform an experiment on pen operations on Windows GUI with a pen using 
PenFit or not. The operations are “Double tap”, “Pen hold “and “Drag & Drop”. 
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• Double tap: attaching a pen to the same screen position twice quickly. 
• Hold: fixing a pen at the same screen position for some predefined period. 
• Drag & Drop: choose an object by putting down a pen, moving (dragging) the pen, 

and lifting the pen off at a destination. 
We count how many times subjects succeed to make each operation. 

3   Result 

3.1   Neatness 

We asked subjects to express their subjective evaluation on control, smoothness, con-
tinuation, feedback, naturalness and tiredness into 6 ranks (0 as worst to 5 as best). 
Fig. 2 to Fig. 4 shows the average at 3 kinds of writing speed. 

We performed t-test on the questionnaire result for the 6 measures. Table 1 shows 
either of writing on PenFit or without it is superior to the other significantly. The 
mark “-” denotes no significant difference between the two.  

Generally speaking, PenFit provides better control, continuation, and feedback but 
posed drawback in tiredness. This is probably because people feel friction when they 
write on PenFit while they can run a pen almost without friction on a naked tablet PC. 
We should recognize that the hard surface of LCD-integrated tablet is different from 
 

  
Fig. 2. Neatness when writing slowly 

 
Fig. 3. Neatness when writing as usual 
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Fig. 4. Neatness when writing as fast as possible 

Table 1. Superiority of writing on PenFit or without it 

(a) experienced subjects  

(b) non- experienced subjects 

real paper and a new writing condition. There remains comparison between PenFit and 
real paper. If PenFit provides equivalent evaluation in other measures as real paper, we 
consider the PenFit’s superiority in control, continuation and feedback is important, 
although it has the drawback in tiredness in comparison to a naked tablet PC. 

3.2   Speed 

We measured writing speed when the subjects wrote text at three writing speeds on a 
tablet PC with PenFit and without it. Fig. 5 shows the time spent for writing a certain 
 

             measure. 
 

writing speed. 

Control. Smoot
h 
ness. 

Continua-
tion. 

Feedback. Nutural 
ness. 

Tired 
ness. 

slowly. - - - PenFit - Without 
PenFit 

as usual. PenFit - - -  Without 
PenFit 

as fast as possible PenFit - - -  Without 
PenFit 

             measure. 
 

writing speed. 

Control. Smoot
h 
ness. 

Continua-
tion. 

Feedback. Nutural 
ness. 

Tired 
ness. 

slowly. - - - PenFit - Without 
PenFit 

as usual. PenFit - - -  Without 
PenFit 

as fast as possible PenFit - - -  Without 
PenFit 



 Evaluation of a Functional Film Attached on Top of a Tablet PC 261 

 

Fig. 5. Average time spent for writing 

amount of text (100 characters). Significant difference was observed between experi-
enced and non-experienced subjects and among the three writing speeds but not be-
tween writing on PenFit and without it. 

3.3   Fatigue 

We measured electromyogram of 8 experienced subjects and 8 non-experienced sub-
jects at 10 minute later and 60 minute later after starting writing.  

As for the fatigue measure, t-test did not show significant difference between writ-
ing on PenFit or not regardless of experience. 

 

 

Fig. 6. Averaged Rectified Value 

3.4   Pressure 

We measured the pressure of a pen to writing surface from 8 experienced subjects and 
8 non-experienced subjects when they wrote a tablet PC with PenFit or not. Table 3 
shows the average score of the pressure. Pressure score has a 0 ~255 grade. 
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Table 2. Pressure of a pen to writing surface 

 

 

T-test did not show significant difference between writing on PenFit or not regard-
less of experience. 

3.5   Operation 

We performed an experiment on pen operations on Windows GUI with a pen using 
PenFit or not. We measured success rate of 8 experienced subjects and 8 non-
experienced subjects to make each operation. Table 3 shows the rate. 

As for the operation of “Double tap”, “Hold”, the average success rates of PenFit 
are better than without PenFit regardless of experience.  However, t-test did not show 
significant difference between writing on PenFit or not regardless of experience. 

As for “Drag & Drop”, the success rates is about 100% regardless of experience.  
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Table 3. Averaged of success rate of each operation 

 

4   Conclusion 

This paper has presented to what extent a functional film named PenFit solves prob-
lems of writing on a tablet PC and enhance ease of writing. We have proposed neat-
ness, speed and fatigue as the measures to evaluate the ease of writing. As for the 
neatness, we have decomposed it into control, smoothness, continuation, feedback, 
naturalness and tiredness. 

Experiments have suggested that PenFit provides better control, continuation, and 
feedback. As for the tiredness, however, it posed drawback to a naked tablet PC. This 
is probably because PenFit provide friction. There remains comparison between Pen-
Fit and real paper.  

As for pen operations, PenFit provides superiority in “Hold” and ”Double tap”  
while no significant difference in “Drag&Drop” in comparison to a naked tablet PC. 
Moderate friction provides by PenFit makes careful operations easy and provides 
better control of a pen. 

On the other hand, PenFit provides no significant difference from a naked tablet 
PC in writing speed, fatigue and pressure. 
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Abstract. The many different interactions between light and colours represent a 
very important research topic at the Zurich University of the Arts. This is why 
the Zurich ColourLight-Center was set up at the Institute for Design und Tech-
nology, idt. For more than 15 years, we have been investigating the potential of 
interactions of light and colour and asking fundamental questions about the 
relevance of the subject to the development of design education and practice. In 
the ColourLight-Lab, the research project, which we present from the Zurich 
ColourLight-Center, products and methods of presentation were created, which 
describe the sensory perception of light and colour as a phenomenon of seeing. 
The LED-ColourLab research project specially takes as its theme, the interac-
tion of dynamic LED light and colour surfaces. 

1   ColourLightLab 

The ColourLightLab is a research project of the Zurich University of the Arts and 
DORE (Swiss National Fund). At the meeting point of art, science and the communi-
cation of art and design, methods of presentation and products were developed in 
2005/2006, which take as their theme the sensory perception of colour and light as a 
phenomenon of seeing. 

Central problems:  

• How are the effects of colours influenced by different light as a result of their  
arrangement / positioning in the room?  

• How do different combinations of various light sources and materials affect the 
perception of colours? 

• How can the findings regarding the questions of visual perception be implemented 
topically and by the senses in the development of theory? 

1.1   Research Project 

Discovering colours in the field of tension between light and darkness and experi-
menting with their effects, is the central concern of our research publication, “Colours 
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between light and darkness”(1). Phenomena of the sensory perception of colour and 
light are visualised by pictures and videos. Different media, such as colour charts for 
the new colour painting system, interactive tools and software for setting up installa-
tions, invite playful handling of colour and light. The documented projects of students 
at the Zurich University of Art and Design provide varied suggestions for design 
practice. Theoretical knowledge can be deepened using our compendium. Our work is 
directed at teachers, students and others interested in colour. The colour-light installa-
tions (e.g. pigment carpet) are recorded as videos and some can be reconstructed us-
ing the software contained on the CD ROM and the instructions.  

Using interactive tools on the CD ROM (e.g. Bezzold spreading effect) questions 
of the perception of colour can be reconstructed and tried out by way of a virtual 
demonstration room. The theoretical aspects of colour and light are presented in a 
richly illustrated compendium in a way that is understandable to all. All 70 illustrated 
compendium terms (e.g. binding agents) can be printed out as PDF files. The docu-
mented teaching projects (e.g. “Light staging”) are sources of inspiration for students 
and teachers, for example in Project Weeks / seminars / workshops or at interdiscipli-
nary events at the interface of arts, science and artistic topics. All documented teach-
ing projects contain series of pictures/videos or animations and can likewise be 
printed as PDF files. 

2   Research in the LED-ColourLab 

LED-ColourLab is our second research project and co-financed by KTI (Committee for 
Technology and Innovation, Swiss Research Promotion). The research partners are: 
Philips AG Lighting Switzerland; IGP Pulvertechnik Switzerland; kt.color Switzerland. 

LED is a light technology is forecast to have great economic potential (justified by 
low electricity consumption whilst simultaneously producing high luminosity). The 
successful implementation of this potential gives rise to the development of concrete, 
design-driven applications for diverse user groups, as well as the development and 
prototype implementation of innovative representative processes and products. Ex-
periments in the field of interactions between dynamic LED technology with surface 
colours / coatings and space are the main subject matter of research of the LED-
ColourLab project. The author will give an insight into the methods of the research 
and the results concerning the interaction between dynamic LED-light and coloured 
surfaces as well into the results concerning the hue shift. 

2.1   The Scientific and Technical Aims of the Research Project 

In the area of dynamic LED interaction with surface colours, there are hardly any 
systematised investigations, which are useful in terms of design, into the specific 
influence of the relevant factors of light / colour / space / surface.  

The scientific aim of LED-ColourLab is to gain knowledge that can at least be 
roughly generalised, and which will result in a method of efficient and realistic simu-
lation of the interactions of light, colour, space and surface. The principles for a plan-
ning and design tool based on such knowledge, can be used by architects, interior 
designers, designers, scenographers etc. 
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The knowledge mentioned above is to be obtained by answering the following 
questions: 

• How is the perception of colours with different LED illumination on surfaces, 
materials and spatial areas influenced by their material composition? 

• How is the perception of colours on surfaces and in spatial areas influenced by 
LED illumination? 

• How is the perception of colours on surfaces and in spatial areas influenced by 
LED illumination in the spatial arrangement of the illuminated surfaces? 

• How do subtractive and additive mixtures of colour and light behave as a result of 
illumination by and radiation of LED light? 

2.2   Method(s) 

The above aim is achieved by simulation and evaluation in experimental facilities 
(referred to as laboratories for the sake of simplicity). The method follows the idea of 
research through design, which was expressed by Bruce Archer in 1995 as research 
through practice: “Action Research: Systematic investigation through practical action 
calculated to devise or test new information, ideas, forms or procedures and to pro-
duce communicable knowledge.” The design driven experiments were based on spe-
cific light and colour measurements and combined with evaluation methods.  

In other words, our procedure is a systematic examination of the interaction of de-
sign-relevant parameters (light [concentrating here on LED lighting technology], 
colour, space and surface).  

2.2.1   Prototypes and Pilot Methods 
The experimental investigations form the basis for the development of pilot methods 
for visualising dynamic LED technology in interaction with surface colours and coat-
ings and spaces, using the following equipment 

• LED-ColourBox: modular system model  
• LED-ColourCase: Test room 
• LED-ColourInstallations and Laboratory Exhibition: 3-D design 

2.3   Transfers to Design Studies 

The experimental investigations are evaluated with respect to teaching applications in 
design studies. Educational concepts have been designed and put into practice, based 
on development to date, for one module each in the Department of Design / Consoli-
dation of scenographical design and in the BA/MA, teaching art and design. 

2.4   Results 

We are currently examining the initial results of the series of tests and evaluation for 
their relevance with respect to the design support tools that are to be developed. Fur-
thermore, we are working on the didactic and scenographic implementation of the 
results. The exhibition which is at the same time our 3rd research laboatory “Staging 
LED – colour. Light and colour surfaces in 3D” will be shown from 9 November 
2008 – 03 May 2009 at the Gewerbemuseum in Winterthur, Switzerland. 
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Fig. 1.  

The installation “LED colour keyboards” (see model, Fig.1) is one of the exhibits 
at the “Staging LED – light. Light and coloured surfaces in 3D” exhibition. Dimen-
sions: 2500 x 250 x 260 cm; 15 coloured wall panels; 14x4 RGB- Philips LED Lines; 
Dynamic Colourlight Score. 
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Abstract. The authors explored a method to control dynamic RGB light source 
in accordance with human visual environment and possibilities of physical in-
teraction with light source of full color capabilities. We developed a color 
model composed of hue, grayscale, brightness components and an algorithm to 
transform RGB values into the color space of the model. We implemented the 
color model using full color light emitting diode (LED) in a light source device 
designed for people to interact with color physically. We set up an experimental 
environment for human color perception to prove visual and physical interac-
tion effect of dynamic light source and object with color composition governed 
by the color model and the device.  

Keywords: color model, visual interaction, physical interaction, full color LED. 

1   Introduction 

As one of the color output peripherals of computer, we have light emitting diode 
(LED) as a light source with comparable range of colors as digital RGB monitor to 
display information in characters, images, motion pictures. Cost of LED device unit 
has been reduced and its usability including the lifetime improved, and we occasion-
ally see a modern architecture being illuminated by huge numbers of them. 

In the history of illustration, art and craft, human being started expression by 
scratching cave walls with stone or charcoal, then invented lampblack, pigment from 
ground minerals or dye and methods to deposit them with oil or glue on such media as 
paper (papyrus), animal skins (parchment or vellum), clay boards or wood walls, 
textiles, glasses. In modern age of communication, product and industrial design, 
colors are obtained by elaborative process of mixture of chemical ink and paint to be 
fixed on paper, metal or plastic. They are selected and designed to show colors under 
sunlight or a light environment of expecting space for the object to be used or placed. 
Those reflecting object colors are analyzed by the three pure colors of cyan, magenta, 
yellow, called subtractive primary and synthesized by their subtractive mixture. Color 
solid based on such as Munsell color appearance system (1912) [1], for example, or-
ganizes object colors by three dimension values of hue, value (lightness), chroma. 

Contrary to the long history of color of object, candles, beautiful stained glass of 
churches from medieval era or gas street lamp as precedents, color control of light 
source or lighting design has been only ventured on the latter years of 20th century 
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along the development of new type of light systems such as halogen lamp, high inten-
sity discharge lamps such as mercury, high pressure sodium and metal halide lamp 
including recent laser or fiber optical technology and their combination or arrange-
ment technique.  

The color of light source consists of three pure stimuli of red (R), green (G) and 
blue (B) called additive primary and are synthesized by their additive mixture. CIE 
standard colorimetric reference system (1932) is the standard system to organize and 
specify color of light by three dimension components derived by RGB values. 

But in actual world of lighting design, hue of light source color is decided by selec-
tion of type of light bulbs and their mixture which are measured by color temperature 
or described by the term of color rendition. Vivid hue of light has been obtained by 
tinted bulbs as ornament, by neon sign as advertisement in a dark environment, or by 
color screen filters in theater, but their numbers and sequence of color hue change are 
limited in several patterns. Only continuous changes in brightness and saturation are 
obtained simultaneously by control of power supply. 

Computer displays are limited in size for human visual field but are able to control 
one million pixels independently in ten million different colors, each of them more 
than ten times in a second. Full color LED’s consist of RGB luminous elements in-
vented late 20th century are catching up those displays in speed and color varieties, 
and they are improving in brightness to replace lighting bulbs as light source in public 
space or living environment. 

It is not difficult to light a LED device on and off by setting RGB value. If you de-
velop a program to choose a series of color, set the corresponding RGB values and 
send them sequentially or randomly to LED output from computer, you can obtain a 
dynamic color source. A couple of commercial products implemented such function 
are already found on market. But if you plan to design a continuous change of color 
hue from one to the other responded to dynamic input data, or design subtle color 
changes such as expression of the sky at sunrise or sunset, we have few design princi-
ples other than prescribed cell animation technique. 

Although we have systems to organize and describe colors of static object or static 
light source, we do not have much knowledge about: 

− Color system for visual interactive environment to harmonize dynamic light source 
and object 

− Interface to control dynamic light source color 
In this paper, we explore these problems in a color model to control RGB light 

source and design an interactive device based on current computer and LED technology. 

2   Optical Tone Color Model 

Human being perceives color in lightness, hue and chroma. On the other hand, color 
outputs from device such as computer monitor or full color LED are light which con-
sist of red, green and blue by additive mixture color method. To adjust RGB values 
for computers to control colors visually for human being, we must be sensitive the 
difference and find a practical way to manipulate colors by numbers. 

If you imagine you are in a living room and able to select one color for the room 
light and to change hues continuously, it will be preferable their brightness to be  
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constant for smoothness in the eye. Current sequences of color hue change, typically 
observed at popular live music spaces, ignore brightness control and the light stimuli 
will be perceived uneven to eyes time to time. To remove this discomfort, we explore 
a color model focused on constant brightness as the first principle. 

The brightness value b is defined by RGB values using the luminous coefficients 
(α, β, γ) unique to the device and defined by CIE standard. 

b= αR+βG+γB (1) 

Then we collect constant brightness colors on a flat plane and arrange their pure 
colors around a hue circle. Hue is defined by the ratio of RGB value and pure colors 
are a set of hues that have the largest difference in RGB values. Our color model is 
intended to use in a visual environment coexisting of dynamic source color and object 
colors, we selected a color system to arrange hues based on psychological four primary 
colors of red(R), green(G) , blue(B) and yellow(Y) harmonizing additive primary for 
light source and subtractive primary for static objects. Practical Color Coordinate Sys-
tem (PCCS) defined by Japan Color Research Institute [2] is one of the widely ac-
cepted system in designing color tone of objects in Japan. We interpolate and extend 
24 hue values of the PCCS color system to 256 of hue values h, and allocate pure col-
ors around the hue circle for each brightness value plane (2). 

Fig. 1 illustrates the difference of RGB value distribution for a hue circle in HSB 
(hue, saturation, value for brightness) color model [4] and for a hue circle of a con-
stant brightness value in PCCS color model. 

If you keep brightness value constant and increase the maximum value from RGB, 
and decrease the minimum value to the intermediate one, you reach a gray (no color) 
of the brightness. The grays should be located on the center of color circles for each 
brightness value. Mixed colors of the same brightness will be distributed on a circle 
from the center for gray and to circumference for pure colors according to its gray-
ness. The value in radial dimension defines the grayscale g of colors (3). 

Thus we obtain a color model named “Optical Tone color model” defined by hue, 
grayscale and brightness (h, g, b) components. A color represented by RGB values 
will be transformed to hgb and allocated in a cylindrical space defined by color circle 
of constant brightness stacked by its gray value from black to white in height. Grayish 
colors are located near the center axis, and pure colors on circumference of the cylin-
drical space. 

Color circles from three types of color model are illustrated in Fig. 2. The lowest 
ones are Johannes Itten's 12-hue color circles in which yellow, red and blue are speci-
fied as primary colors and arranged complement colors in opposite diagonals [3]. The 
uppermost ones are HSB hue color circles consist of RGB additive primary colors and 
obtained by linear mixture of the RGB values (Fig. 1). The middle ones are of the 
Optical Tone color model which maintain complementary characteristics with diago-
nal colors and their brightness in a circle as constant. On HSB model, hues are defined 
by proportional RGB ratios, but we observe in the diagram the brightness is not con-
stant on a circle. Johannes Itten's model is visually proportional but numerical conti-
nuity is broken in a circle and hard to manipulate by computers. The Optical Tone 
color model is designed in visually proportional still computational to control hues. 
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Fig. 1. RGB value distribution for HSB and constant brightness hue circle 

 

Fig. 2. Color circles based on HSB, Optical Tone and Itten's color model 

If you transform RGB values to hgb by the algorithm with process (1)(2)(3) de-
scribed above, you are able to manipulate a color of light independently along hue (h), 
grayscale (g) and brightness (b) in the Optical Tone color model space. If you specify 
one color in the Optical Tone color space (a point in hgb space) and inversely transform 
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the hgb values to RGB, you are able to obtain the adjusted color emission of the hue, 
grayscale,  brightness from RGB device. If a point moves around in the Optical Tone 
color space (h(t), g(t), b(t)), the LED will perform dynamic color emission accordingly. 
Fig. 3 shows the RGB-hgb transformation diagram. 
 
 

 
 

Fig. 3.  RGB-hgb transformation diagram 

 
Typical lighting controller of today for a single color light bulb regulates power 

supply by slider or rotator to control intensity of illumination. If the Optical Tone 
color model is applied to a RGB light source such as LED device and RGB-hgb trans-
form algorithm is implemented, you are able to control the hue, brightness, grayscale 
of the light independently. If you follow the cylindrical space and dimension of Opti-
cal Tone color model, you may able to assign your arm motion of rotating action to 
change of hue, of vertical action to brightness and of horizontal action to gray scale, 
for example, to control light source color of a RGB output device. 

3   Physical Interaction with Optical Tone Color Model 

To prove perceptional and psychological smoothness of the Optical Tone color model 
for dynamic color environment, we designed and manufactured a light source object 
(Optical Tone light source device) that allows us to control hue and brightness of light 
intuitively by physical interaction. 

The basic concept of the Optical Tone light source device is a tumbler (Fig. 4). 
The top globe implemented LED light is designed as same shape and same size as the 
bottom part (250 mm in diameter). The twos are connected by a metal rod (1150 mm 
in height). The shape has an effect for people to draw their visual attention to the top 
part and give them an impression of a globe emitting color light floating in the dark. 
The weight in the bottom (approximately 11kg) is carefully adjusted to balance and to 
provide a comfortable response when people touch and push the top to swing at a 
moderate period. In the bottom, a three-axes acceleration sensor is embedded and 
detects swinging motion to control color output of LED’s (6 units, 3W for each). The 
hgb-RGB algorithm transfers round motion of the device to hue control and swing  
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Fig. 4. Optical Tone dynamic light source device 

 
motion to brightness control in accordance with the Optical Tone color model. Fig. 4 
shows dimension and color control of the Optical Tone device. The device allows 
people to interact physically with color dynamism in the Optical Tone color space.  

4   Visual Interaction Experiment of Optical Tone Color Model 

As Optical Tone color model is based on hue circle of PCCS color system composed 
from psychological four primary colors, and the model provide a method to control 
light source color with constant brightness, it is applicable in designing visual envi-
ronment to harmonize light source of full color capability and color of objects (prod-
ucts or printing materials) in a space. 

As an experiment of visual interaction, we set up in a closed dark space several 
Optical Tone devices which function as dynamic light source based on the Optical 
Tone color model with graphically composed walls which function as a static reflect-
ing object governed by the same Optical Tone color model (Fig. 5). 

 

 
 

Fig. 5.  Experimental space for visual interaction based on Optical Tone color model 
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The wall graphic pattern consists of vertical stripes to be visually effective with 
Optical Tone light source which swings horizontally (Fig. 6). To disturb human color 
perception of foreground and background of the pattern, we designed stripes of same 
width and in a complicated color combination for each side, and the height of them to 
be tall enough to cover the viewer’s perspective. To maximize the visual effect of 
reflection of dynamic light source, we kept the lightness of each stripe color as a con-
stant. The chromas of them are adjusted to arouse a sense of visual resistiveness and 
sense of depth in dimension. 3 side walls covered by stripes with large dynamic hue 
range are intended to produce a spectacles of color interaction with dynamic lights 
from several swinging devices at a time. The graphic patterns are printed on a large 
size paper by a printer in our office and pasted on the walls.  

 

 

Fig. 6. Wall graphic for visual interaction experiment 

 

Fig. 7. Visual interaction of dynamic light source and static object 
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The experiments for visual interaction are carried out as art installation style in 
several places [5] (Fig. 7) but not under a strict scientific control. 
The observations at the experimental spaces are: 

− comfortable motion and dynamism of color by intuitive physical interaction with 
Optical Tone device draws not a least interests of people.  

− illusions of colors by visual interaction between the dynamic color of light and 
wall graphics are perceived spectacularly. 

Some people refer to playfulness, healing effect, communication inviting character-
istics of the device. Others check the relation between globe position of the device 
and hue and brightness of the light by rotating or swinging. Some of them confirmed 
such visual perception phenomena as complementary characteristics or color consis-
tency in the experimental space. 

5   Conclusion 

Expecting visual environment of dynamic full color light with static object coexis-
tence in a living space of near future, the authors developed a color model based on 
color circle harmonized for light and material and focused on smoothness of bright-
ness. The color model is implemented in a light source device controllable along hue 
and brightness by intuitive physical interaction. The experiments are carried out in a 
space surrounded by graphic walls composed by the same color model. Comfortable 
responsibility of physical interaction to control color by the device and optical illusion 
caused by visual interaction between the dynamic light source and the wall object are 
observed at a considerable level. The methodology is to be explored in further appli-
cation to lighting product or visual communication.  
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Abstract. Due to the lack of investigations and standards describing the design 
of real 3D input devices a real 3D input device was develop. To compare seve-
ral devices a test task was created and performed with combination of a motion 
capturing system. During the experiment 19 attendees with different levels of 
experience performed the test with this setup. Several intra-individual motion 
patterns and using strategies belonging to different input devices could be  
observed.  

Keywords: User-centred design, 3D-input, evaluation software, reachable space 
of motion, ergonomically motivated equipment, motion analyses of input tasks. 

1   Introduction and Motivation 

International standard DIN ISO 9241‐400 (last version 2007) describes principles and 
requirements for physical input devices. One of these principles is to minimize bio-
mechanical strains, but there is no explanation how to reach this goal. Typically input 
devices (and in our case 3D‐input devices as well) are evaluated during the stage of 
development by different usability test methods, like questionnaire‐based test tasks. 
These predominately subjective evaluations indicate physical strain of the hand–arm–
shoulder‐system to be very high. But no simple relation to the objective parameters 
describing usability (course accuracy and handling time) could be identified [1] 

Our hand is a tool adapted to “manipulation”, a multitude of functions, most of 
which yet are even unknown, but not optimized for “indirect” manipulation of com-
puter devices. But in a lot of industrial applications it is necessary to use indirect 
manipulations due to “wrong” size (too big or too small), dangerous environmental 
conditions or security aspects which provokes a few diverse discrepancies. Thus for 
industrially used machines it is necessary to have a control by human computer inter-
faces, does mean brain-hand-computer interfaces, where functions of brain and hand 
are coupled in mostly (yet) unknown manner. Present input devices for such inter-
faces restrict movements of the hand in comparison with direct manipulation, and in 
contrast to common 3D-use of hands. These restrictions force to develop attitudes of 
usage which never are comfortable or ergonomically.  
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In 2007 the International Standard on “Ergonomics of human-machine-interaction – 
Part 400: Principles and requirements for physical input devices” (ISO 9241-400) had 
been published as well as “Part 410: Design criteria for physical input devices” (ISO 
9241-410). In these documents only generic ergonomic principles are given without 
any kind of data or evaluation criteria [3]. For 1D and 2D input devices literature gives 
good advices how the device should be constructed (see [4]). Krauss in 2003 [5] pub-
lished an evaluation concept for 2D pointing devices.  

During the last years several tests have been created to measure usability aspects of 
input devices with more than 2 input dimensions. One of these tests used at Ilmenau 
University of Technology is a migration of Krauss’ tests tasks from 2D to 3D envi-
ronments [6]. This test has been developed on the basic usability criteria “effective-
ness, efficiency and satisfaction”.  

Within these experiments applied to the as well in Ilmenau developed 3D input de-
vice “Haptor” [7] several tests were performed. The results of these first studies are 
based on questionnaires and subjective impressions. Only time to solve the tasks 
(duration) could be objectified. After first tests it becomes obvious that it is necessary 
to measure more parameters than demanded by the basic test tasks. Therefore we 
extended the setup to measure motions and current positions of input devices, to allow 
to compare them kinematically. 

2   Description of Experiments 

2.1   Test Equipment and Setup 

All experiments were executed in a laboratory protected against physical and psycho-
logical disturbances by other people, noise, machines or mechanical systems. The 
only confounder besides the presence of measuring systems was the laboratory tem-
perature, because during winter time we were not able to securely assure living room 
temperature. 

The measuring system used was a passive infrared motion capturing system called 
ProReflex from Swedish company Qualisys® AB. This system consists of 6 IR-
cameras, IR-reflecting (passive) spherical markers and a laptop with the measuring 
software necessary to record and analyze motion data. The software used for re-
cording was Qualisys Track Manager (QTM version 1.9.254). Analyzes also were 
made with QTM, with Microsoft® Excel2007, with SPSS v.14 and Matlab® R2007b.  

Fig. 1. shows the whole setup with the used hardware components, without ex-
perimentees and test executives. 

The above-mentioned test setup was prepared and tested for this special task within 
a pre-test stage over several months before the experiments started. During this time 
all influences of the system by the laboratory were minimized; the setup was adjusted, 
tested and finally recorded to ensure the reproducibility of the setup in later stages of 
(re-)experiments. 
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Fig. 1. Test setup for motion analyses with Qualisys® ProReflex 

2.2   Objects of Investigation 

During the tests the motions and motion ranges used by the utilization of three differ-
ent input devices for the same standardized input task was investigated. These input 
devices were two market available pseudo 3D input devices: a gamepad from Hama 
and a joystick from Saitek (see fig. 2a and 2b). They are called “pseudo-3D” because 
only two axes are controllable at the same by one hand and one input action; the third 
axis had to be controlled by the other hand via an additional input element (a second 
mini-joystick and a throttle). Normally the gamepad is able to control 6 DOF (joystick 
5 DOF), but ever only two dimensions at the same time. Both devices are angle based, 
but the test software generates a test task in which only the dead stop in each direction 
and the central position is necessary to be used. Therefore both devices can be com-
pared with the Haptor as (discretely) “translation based” input devices. 

In the gamepad input device, x- and y-axes can be simultaneously controlled by the 
right mini joystick; z-axis has to be controlled by left mini joystick. Both joysticks are 
self-resetting to their initial central position by small springs. These springs impresses 
a light force which is not perceivable during use. The design of this gamepad (and 
others) is so that the user has only one way to hold and use it: with both hands and the 
thumbs forming input elements. The kind of use (hands-free, partially or totally 
propped) was not dictated and could be changed during the test too. 

In Saitek’s joystick the big shaft was used to control x- and y-axes and the throttle 
for z-axis. The small knob at the top is also a mini joystick but was not used in tests. 
The shaft is self-resetting to the initial center position by a spring, and this center 
position is well perceivable. The throttle has no perceivable position and is not self-
resetting. The attendees could not use the joystick with their preferred hand because 
the necessity of controlling the throttle with the left hand (thumb or two fingers). The 
position on the table was not fixed; therewith the attendees could adjust the distance 
between them and the device to their physical needs. 
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              a) Hama PC Gamepad Greystorm                       b) Saitek Impact X7-33U (ST30) 

Fig. 2. Input devices tested 

The third input device investigated was a prototype of the self-developed real 3D 
input device called Haptor, from the Dept. of Working Sciences of the Ilmenau Uni-
versity of Technology (see fig. 3). All axes at this device can be controlled by one 
hand at the same time. The additional throttle function (for speed acceleration) of arm 
rest was not used during these tests. The grip (and therewith the coupling point bet-
ween human and machine) is represented by a ball. All three axes are not self-
resetting and have no perceivable center position. Irrespective to the handiness, all the 
attendees had to use their left hand for input actions. 

 

Fig. 3. Self-developed Haptor (Dept. of Working Sciences, TU Ilmenau) [7] 

2.3   Test Software and Test Tasks Performed 

To allow a standardization of the tests and to make the results comparable the ex-
perimentees had to perform a software given test task (see fig. 4). During this test they 
had to approach several goals marked by red dots. The current position was marked 
by green dots, and the whole test space was a cube with an edge length of 1024 pixel. 
The test consists of nine subtasks formed by translations from start via eight defined 
points to stop (which was equal to start position, for the whole test task see Tab. 1). 
The time to solve the test task was not restricted, but measured as “duration”. The test 
software writes a log file with a timestamp (in milliseconds), the position in x-, y- and 
z-coordinates (increments) and a marker “ze” for “goal reached”. These data have 
been written to file whenever new data were available at the USB interface.  

a) 

b) 
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Fig. 4. Test Software 

To support the experimentees during the tests, esp. to use the Haptor without other 
possibilities to control the spatial position, additional visual checkups were added on 
the right and bottom side of the main area. 

Table 1. Description of subtasks 

No. of subtask Starting point 
(x;y;z) 

Goal 
(x;y;z) 

Undef. P1 0 
Undef. (512;0;512) 

P1 P2 1 
(512;0;512) (512;1024;512) 

P2 P3 2 
(512;1024;512) (1024;512;512) 

P3 P4 3 
(1024;512;512) (0;512;512) 

P4 P5 4 
(0;512;512) (0;1024;1024) 

P5 P6 5 
(0;1024;1024) (1024;0;0) 

P6 P7 6 
(1024;0;0) (0;0;0) 

P7 P8 7 
(0;0;0) (1024;1024;1024) 

P8 P9 

 

Fig. 5 
 

8 
(1024;1024;1024) (512;512;512) 

Due to hard- and software specificities not all input devices could reach the maxi-
mum of 1024 increments as well as the minimum of zero increments, according to the 
pixels of the cube shown. It was necessary to create an area of about 60 increments 
(depending on the type of input device) as a trapping area around the goal, which was 
accepted as “goal reached”. 

2.4   Characterization of Experimentees (Test Subjects) 

The tests were performed with 19 attendees (14 male, 5 female) with a mean age of 
23.5 years (range 19 from to 30 years). Two of the attendees are left-handed (but this 
was not considered as a co-factor). All of them stated that they were in good physical 
condition without any discomfort or diseases of neck-shoulder-arm-hand system. The 
anthropometric data of the attendees were measured three times each, as well before 
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and after the tests. The anthropometric data measured were tested for normal distribu-
tion and statistical deviations to the control data of DIN [8] and [9].  

Because the attendees were a highly selected group (students) they could not match 
the means of the German overall population. Standard t-test confirmed significant 
differences (p < 0.05). 

2.5   Experimental Chain 

Each test started with an explanation of the whole experiment to the attendees, and a 
short training period with each input device, if necessary. Afterwards the first two 
measurements of anthropometric data were conducted. After this 22 IR-reflecting 
spherical markers were fixed at shoulder and arms like described in [10]. Additional 
five markers were fixed at each hand (shown in fig. 5), and three markers at the head 
(both temples and chin, see fig. 6). The points to fix the markers were palpated, but the 
markers could not be applied at bare bodies of attendees because of the low temperature. 

 

Fig. 5. Position of the hand markers 

The investigator started the test software and the motion capturing system for the 
first run, the order of devices was: joystick, gamepad, Haptor. After this run the test 
person had to perform some physical actions (static: hold a weight of 2.5 kg in each 
hand; dynamic: squeeze a spring dumb-ball with a compression force of 100 N by 
each hand). Then the whole test was repeated. The second test additionally has been 
videotaped.  

 

Fig. 6. An experimentee performing the test (with Haptor) 
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2.6   Aims, Hypotheses and Methods 

With the experiment described at first we simply but necessarily tried to test whether 
a motion capturing system with passive IR-markers is appropriate to investigate mo-
tions occurring during the use of 3D input devices. A second aim was to investigate 
the usefulness of different input devices for 3D input tasks by the use of standardized 
tests. 

The hypotheses for the first experimental stage were: 

1. For each input device different patterns are detectable and characterizable. 
2. Due to the different design of the devices investigated the duration and the time to 

execute discrete parts of the tests differ. 
3. Individuals have different motion patterns, but remodeled by the device used. 
4. These patterns also depend on the grade of experience with such devices. 
5. The patterns change after a provoked fatigue. 

To test the hypotheses motion capturing system (QTM) data were collected and con-
ditioned. Synchronously log-file data were recorded and also conditioned, especially 
adequately scaled to QTM data. Afterwards relevant QTM data (data of markers at the 
elbow, wrist, fingers, acromium and vertebra C7) were filtered and their specific veloci-
ties and accelerations were calculated (by MATLAB routines with algorithms taken from 
[11]). All data chosen were tested with statistic standard methods.(by SPSS). 

3   Results  

3.1   Analyses of Hardware Log-Files 

Haptor shows up to be the slowest input device (as well what concerns point-to-point 
as overall duration of task) shown in fig. 7, but on the other hand deviations between 
demanded and realized trajectories are lower than in the two other devices, as long as 
real 3D-movements (including a z-component like in subtasks four to seven like 
shown in fig. 8) are on demand.  

 

Fig. 7. Comparison of subtask duration of all input devices 
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Fig. 8. Comparison of subtask deviations of all investigated devices 

3.2   Analyses of QTM®-Data 

In all trials, no significant motion of the upper body (represented by marker C7) could 
be observed. Observable kinematics were restricted to hand-arm-system. 

Vice versa mobility was realized by giving up fixation of wrist, in extreme visible 
in case of Haptor, where the lift of the arm from the hand rest is represented by lift of 
elbow and extension of wrist joint (cf. fig. 9). All attendees used hand rest had also 
negative values of lifting but a smaller range of wrist joint angle than attendees which 
are had not used the rest. The extension of wrist joint were significantly lower at at-
tendees which are had not used the rest.  

   

   

Duration time [s] 
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[m
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hand rest (Haptor)

Comparison of resulting joint angle of wrist 

between users and non-users of hand rest  

a)

b)

c)

Course of lift without using 

the hand rest (Haptor)

 

Fig. 9. (a) Lift of attendees using the hand rest, (b) Lift of attendees not using the hand rest, (c)  

Comparison of resulting wrist joint angle of both  
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Fig. 10. Intra-individual patterns of three experimentees at a gamepad (right thumb,  
x-component QTM data) 

Intra-individual patterns of kinematics did not occur systematically, but were ob-
servable in a subset of experimentees (fig. 10). 

Another pattern could be abstracted: In case of gamepad, experienced users  
(“gamers“) keep contact to the mini-joysticks only during “action“, as long as a posi-
tion is intended to be kept thumbs are lifted (fig. 11). This is represented by peaks 
which are correlated with reversal points of the logged input action.  

 

Fig. 11. Effect of thumb lifting at an experienced gamepad user 

No effects of fatigue could be shown. 

4   Discussion 

The missing observation of fatigue effects indicates that our “loading“ of experimen-
tees was too low – obviously today usage of computer mice provokes a general train-
ing effect on endurance of hand-arm-system.  

None of the devices analyzed provided observable inter-individual patterns. The 
occurrence of intra-individual patterns in subsets of the experiments indicates the 
adaptivity of users to devices – primary goal of ergonomics is the adaptation of de-
vices to the physiology (and thus needs) of users. 
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From our bionic synthesis of manipulative robots we know, that human grasping 
(and as well pointing) at minimum is composed of two atavistic factors: 

1. reaching, performed by long elements (lower arm, upper arm, scapula),  
2. grasping sensu strictu, performed by the hand 

Both functions in the multifunctional human hand-arm-systems are adapted to a va-
riety of yet not completely identifiable, partly diverging tasks, leading to compromises 
in structure and control. To mirror that nature given boundaries into human-machine-
interfaces in future more intensely has to be based on function-morphological knowl-
edge on reaching and grasping. Thus in our experiments in the next steps we shall 
focus on human and primate biology incl. handiness more than on technical devices. 
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