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Foreword

The 14th International Conference on Human—Computer Interaction, HCI In-
ternational 2011, was held in Orlando, Florida, USA, July 9-14, 2011, jointly
with the Symposium on Human Interface (Japan) 2011, the 9th International
Conference on Engineering Psychology and Cognitive Ergonomics, the 6th In-
ternational Conference on Universal Access in Human—Computer Interaction,
the 4th International Conference on Virtual and Mixed Reality, the 4th Interna-
tional Conference on Internationalization, Design and Global Development, the
4th International Conference on Online Communities and Social Computing, the
6th International Conference on Augmented Cognition, the Third International
Conference on Digital Human Modeling, the Second International Conference
on Human-Centered Design, and the First International Conference on Design,
User Experience, and Usability.

A total of 4,039 individuals from academia, research institutes, industry and
governmental agencies from 67 countries submitted contributions, and 1,318
papers that were judged to be of high scientific quality were included in the
program. These papers address the latest research and development efforts and
highlight the human aspects of 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 com-
puters in a variety of application areas.

This volume, edited by Michelle M. Robertson, contains papers in the the-
matic area of ergonomics and health aspects of work with computers (EHAWC),
addressing the following major topics:

e Quality of working life
e Health and well-being
e Interactive devices and interfaces

The remaining volumes of the HCI International 2011 Proceedings are:

e Volume 1, LNCS 6761, Human—Computer Interaction—Design and Devel-
opment Approaches (Part I), edited by Julie A. Jacko

e Volume 2, LNCS 6762, Human—Computer Interaction—Interaction Tech-
niques and Environments (Part II), edited by Julie A. Jacko

e Volume 3, LNCS 6763, Human—Computer Interaction—Towards Mobile and
Intelligent Interaction Environments (Part III), edited by Julie A. Jacko

e Volume 4, LNCS 6764, Human—Computer Interaction—Users and Applica-
tions (Part IV), edited by Julie A. Jacko

e Volume 5, LNCS 6765, Universal Access in Human—Computer Interaction—
Design for All and elnclusion (Part I), edited by Constantine Stephanidis

e Volume 6, LNCS 6766, Universal Access in Human—Computer Interaction—
Users Diversity (Part IT), edited by Constantine Stephanidis



VI

Foreword

Volume 7, LNCS 6767, Universal Access in Human—Computer Interaction—
Context Diversity (Part III), edited by Constantine Stephanidis

Volume 8, LNCS 6768, Universal Access in Human—Computer Interaction—
Applications and Services (Part IV), edited by Constantine Stephanidis
Volume 9, LNCS 6769, Design, User Experience, and Usability—Theory,
Methods, Tools and Practice (Part I), edited by Aaron Marcus

Volume 10, LNCS 6770, Design, User Experience, and Usability—
Understanding the User Experience (Part II), edited by Aaron Marcus
Volume 11, LNCS 6771, Human Interface and the Management of
Information—Design and Interaction (Part I), edited by Michael J. Smith
and Gavriel Salvendy

Volume 12, LNCS 6772, Human Interface and the Management of
Information—Interacting with Information (Part IT), edited by Gavriel Sal-
vendy and Michael J. Smith

Volume 13, LNCS 6773, Virtual and Mixed Reality—New Trends (Part I),
edited by Randall Shumaker

Volume 14, LNCS 6774, Virtual and Mixed Reality—Systems and Applica-
tions (Part II), edited by Randall Shumaker

Volume 15, LNCS 6775, Internationalization, Design and Global Develop-
ment, edited by P.L. Patrick Rau

e Volume 16, LNCS 6776, Human-Centered Design, edited by Masaaki Kurosu
e Volume 17, LNCS 6777, Digital Human Modeling, edited by Vincent G.

Dufty

Volume 18, LNCS 6778, Online Communities and Social Computing, edited
by A. Ant Ozok and Panayiotis Zaphiris

Volume 20, LNAI 6780, Foundations of Augmented Cognition: Directing the
Future of Adaptive Systems, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

Volume 21, LNAI 6781, Engineering Psychology and Cognitive Ergonomics,
edited by Don Harris

Volume 22, CCIS 173, HCI International 2011 Posters Proceedings (Part I),
edited by Constantine Stephanidis

Volume 23, CCIS 174, HCI International 2011 Posters Proceedings (Part IT),
edited by Constantine Stephanidis

I would like to thank the Program Chairs and the members of the Pro-

gram Boards of all Thematic Areas, listed herein, for their contribution to the
highest scientific quality and the overall success of the HCI International 2011
Conference.

In addition to the members of the Program Boards, I also wish to thank

the following volunteer external reviewers: Roman Vilimek from Germany, Ra-
malingam Ponnusamy from India, Si Jung “Jun” Kim from the USA, and Ilia
Adami, Tosif Klironomos, Vassilis Kouroumalis, George Margetis, and Stavroula
Ntoa from Greece.



Foreword VII

This conference would not have been possible without the continuous support
and advice of the Conference Scientific Advisor, Gavriel Salvendy, as well as the
dedicated work and outstanding efforts of the Communications and Exhibition
Chair and Editor of HCI International News, Abbas Moallem.

I would also like to thank for their contribution toward the organization of
the HCI International 2011 Conference the members of the Human—Computer
Interaction Laboratory of ICS-FORTH, and in particular Margherita Antona,
George Paparoulis, Maria Pitsoulaki, Stavroula Ntoa, Maria Bouhli and George
Kapnas.

July 2011 Constantine Stephanidis
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New Ways of Working: A Proposed Framework and
Literature Review

Merle Blok], Liesbeth Groenesteijnl’z, Christiaan van den Bergl, and Peter Vink'?

TTNO P.O. Box 718, 2130AS Hoofddorp, The Netherlands
% Delft University of Technology Faculty of Industrial Design Engineering, The Netherlands
merle.blok@tno.nl

Abstract. The drive towards new ways of working is of great relevance to our
modern world. Many companies and organizations have introduced aspects of
this new approach in recent years, while many others are on the verge of doing
so. The new way of working consists of a large variety of measures enabling
flexibility in time and place Expectations are often high: those who embrace
such innovations aim to reduce operating costs and create more productive
employees. However, it is worth asking whether these expectations are realistic.
To date, very little research has been done on how the introduction of new ways
of working affects operational objectives. This article is aimed to provide an
overview of the available knowledge of the effects of the new way of working
concept through scientific research and by developing a clearly defined
framework. Some of the most important findings are outlined.

Keywords: New way of working; flexible working, telecommuting, teleworking,
home working, activity related work, social ICT, flexible office environment.

1 Introduction

The current economy is fundamentally changing at some point. In the past decade we
have changed towards a knowledge driven economy and information society.
Organizations need to respond more rapidly to customer needs, and the pressure to
become more customer centered is increasing. The value of customers and employees
is becoming more prominent. And information and communication technologies are
developed in a way that digital information is available at any time at many places.
Parallel to this the hierarchical structures are gradually replaced by more flexible
network models, and we increasingly rely on knowledge and good ideas rather than
physical labor. As a result, we see that the way we work is drastically changing [1].
For example WorldatWork [2] estimated that 12.4 million American employees
worked from home or remote at least one day per month in 2006, which increased up
to 17.2 million in 2008. In the UK the number of teleworkers is estimated to more
than double in popularity in eight years to 2.4 million workers [3], indicating that
telecommuting continues to become an omnipresent work arrangement [4].

Many organizations see potential opportunities in the transition to new ways of
working (NWW) and in Western Europe the number of organizations that have

M.M. Robertson (Ed.): Ergonomics and Health Aspects, HCII 2011, LNCS 6779, pp. 3 2011.
© Springer-Verlag Berlin Heidelberg 2011



4 M. Bloket al.

implemented a form of NWW is rapidly increasing. The majority of the changes are
made because they have a certain benefit in mind, without having a clear
understanding of the overall effects. Assumed benefit of this new ways of working is
an increase in employee productivity by better facilitating the work task with ICT and
workplace design, and by providing employees with more autonomy in where or
when to work. It is assumed that the employees will experience a greater flexibility in
the way they work with colleagues, experience more balance in the personal work
situation, and increased mobility in work hours [5]. On firm level a reduction of
commuter traffic and thereby CO, emission is reported, while also contributing by
solving the mobility problems. Another beneficial aspect is a more efficiently use of
the available number of square meters office buildings [6].

Even though expectations of the NWW are high, there is a lacking of good
(quantitative) and multi factorial scientific research that clarify the effects [5, 7].
Organizations adopting the new way of working have ensured that there is an arising
need to measure, map and interpret the business objectives in such way that it better
suit the new work situation. For example increase their focus on result outcome and
impact on customer’s satisfaction instead of focus on face time. Gaining knowledge
on this topic can provide organizations with a better understanding and (at forehand)
insight in the effects of their NWW investment or policy decisions regarding the
implementation.

The magnitude of the new way of working, especially in relation to business goals
is large and complex. First of all there are a brought variety of definitions on NWW,
and the term New Ways of Working is often used inappropriately to refer to less far-
reaching changes in office measures and working methods. At this moment no
framework exists concerning the measures that should be included in the definition
(i.e. teleworking, home working, internet access, management trough trust). Secondly,
besides the missing framework on NWW measures, it seems like organizations use
NWW arrangement to reach a broad variety of business objectives (i.e reducing cost,
attracting talented employees, increase productivity). Supplementary to that, the
different companies and organizations also differ in the way they monitor business
objectives. For instance, productivity, especially which of knowledge workers, is very
difficult to assess, since it includes qualitative factors as well as many relevant factors
that are of a quantitative nature [10].

Setting a defined framework on NWW measures as well as on business objectives
is necessary to frame the topic and in order to study the scientific literature. In order
to investigate the effect of NWW measures the framework needs to include
relationship between measures and different business objectives. This article is aimed
to provide an overview of the available knowledge of the effects of the NWW
measures through scientific research and by developing a clearly defined
framework. The research question is: “What is the scientific proof of the relationships
between different NWW measures in relation to business goals, and can we use this
information in order to compose a NWW framework?” In this paper we will outline
some of the main results on the effect of NWW measures in relation to productivity
and present the framework of the NWW.
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2 Method

The first step to study the NWW measures in relation to business goals was
conducting a literature review. The objective of the review study is to provide insight
on what is known about the relationships between NWW measures and the business
goals. This review was based on an electronic literature search in Dutch- and English-
language databases (Web of Science, Science Direct, Scopus and TNO database) and
by the references of the articles that were found. Because of the currency of the topic
we made a selection of recent studies (published between 2000 - 2010), or the
research should be adequate enough to generalize the content to the present situation.
Based on literature findings a first framework is created.

The focuses of this literature study is in knowledge-intensive organizations,
defined as “Companies where most work can be said to be of an intellectual nature
and where well-qualified employees form the major part of the workforce” [11]. For
the NWW arrangement we used the following definition: “New Ways of Working is
an outlook of ways of working that corresponds as closely as possible to the needs of
the knowledge worker”. It leads to the creation of a productive, sustainable, inspiring
working environment that promotes the performance of both the team and the
individual by means of technological and social innovation”.

Keywords to search on the NWW topic were selected by the use of several expert
opinions and based on the topics referred to in the available general NWW literature.
Combinations of keywords on group 1: NWW measures as well as group 2: business
objectives were used. The search terms consisted of the following keywords: flextime,
flexible measures, telecommuting, teleworker, ways of working, mobile work,
computing, telecommuting, spatial flexibility, distributed organization, remote work
arrangement, flexible work, task related office environment, flexibility office, desk-
sharing, online collaboration, video conference, internet access, workplace flexibility,
workplace concepts management on trust(group 1), employee health, sickness
absence, knowledge sharing, organization attractiveness, employee engagement,
effectiveness, performance, team effectiveness, team performance, work satisfaction,
work life balance, work family balance, work family benefits, work family
enrichment, work family interaction, work home interference (group 2).

The articles were selected by the following inclusion criteria: First, the study
should be published in the English or Dutch language in a peer-reviewed journal. Or it
is a description of a well founded theoretical framework published in a peer-reviewed
article. Secondly, the population studied should be sufficiently representative for a
knowledge or information workers, so that research generic interpretable is possible.
Thirdly, central to the article should be an NWW aspect, and / or a mediator and / or a
business objective. Fourthly the article should properly describe the research set-up,
the type of research methods, inclusion of a representative group of subjects, and
measurement instruments used.

From all papers that resulted from the search strategy in the electronic databases,
the abstracts were analyzed by TNO experts. Papers that appeared not to meet our
inclusion criteria were excluded. In case the abstract did not provide sufficient
information, the full paper text was screened. Next, the reference lists in the
remaining papers that met our inclusion criteria, were analyzed to search for more
relevant papers.
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The second step is to fill the ‘gaps’ in literature results with experts’ values. This is
done in meetings with both experts in social or behavioral science and experts from
the field where NWW are implemented. The meetings are set up and guided
according to a protocol that provokes a balanced valuing of experts opinion called
MARVEL. MARVEL is a Method to Analyse Relations between Variables using
Enriched Loops (MARVEL). The method is developed in order to obtain insight into
the effects of interventions. It is designed as a tool for conducting a first policy
intervention analysis for problems with a limited availability of quantitative data.
Since this is the case with the literature on NWW, the use of the MARVEL tool will
be examined in order to get a better understanding of the complex effects of NWW.

3 Results

The literature review revealed some interesting relationships between NWW
measures and business objectives. The quantity as well as the quantity of the relevant
studies were however somewhat disappointing. A total of 176 articles were selected.
After the screening this resulted in 44 articles with useful information to underpin the
theoretical framework. Based on the results a framework of definitions and principles
on HNW measures were made. The results presented here outline the definitions and
principals and show some of the most important findings of this review in relation to
the business goal productivity.

3.1 Definitions and Principles

A selection of NWW measures is made to focus on the most common and more
important most potential measures for successful implementation of NWW. The
measures for the framework are selected together with representatives of four
different companies (KPN, Rabobank, Philips Real Estate, and Veldhoen + Company)
that apply NWW in different forms of execution. The following measures were
selected:

=  Working from home

=  Activity-related working: the use of work locations within their organization that
correspond most effectively with the specific task they are carrying out at a
particular moment. Ideally, employees should use a different workspace for each
distinct task.

= Satellite offices: the use of offices outside of their own organization to carry out
their tasks, for instance at the customer’s premises.

=  Mobile working: carry out work tasks while travelling (e.g. commuting or on
business trips).

=  Flexible working hours: carry out the work tasks inside and outside standard
working hours.

=  Using internet access.

=  Use of social network services for example LinkedIn or Facebook.

= Use of video conferencing for communication and/or activities (e.g. meetings)
with internal and external people working at other locations.
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=  Use of collaborative tools to carry out joint activities/tasks that involve internal
and/or external collaborators (e.g. Wikis, social text, document sharing).

= Management based on trust: To achieve a working relationship between
employer and employee that centers on mutual trust and commitment, rather than
rules and workers’ rights. This new kind of working relationship creates space for
employees to be enterprising, thereby leading to a general rise in the
achievements and boosting the competitive position of the organization as a
whole. The employees are self-motivating and take initiatives while the managers
give space and offer autonomy, as well as providing clarity about duties, frames
of reference and levels of authority.

3.2 Relationship between Flexible Working and Productivity

The found studies on the relationship between flexible working and productivity, 7
studies in total, are difficult to compare since they differ in objective, definitions and
use different measurement methods. Even though some evidence is found, we did not
find strong convincing evidence on the effects of flexible work on productivity.

One of the found studies consisted of a review study of 80 academic articles
concerning flexible work [12]. Their study showed little clear evidence that telework
increase satisfaction and productivity. In 2007 a meta analysis was conducted on
telecommuting [13]. They suggest that telecommuting is likely more good than bad
for individuals and found small but favorable effects on perceived autonomy, work—
family conflict, job satisfaction, performance, turnover intent, and stress. On the
contrary, they found that telecommuting also had no straightforward, damaging
effects on the quality of workplace relationships or perceived career prospects.
Inconsistent results are also found in the study of Beauregard and Henry [14]. Some
studies found no effect of teleworking on productivity [8] or even negative effect
[14]. One studies reported that telework is more likely to cause an increase of work
overtime, which should not be defined as an increase of productivity, but as a risk
factor for health [15].

Another interesting study that was found focuses at productivity on business level
[17].and tried to explore the relationship between teleworking adoption, workplace
flexibility and firm performance by studying 479 small and medium sized firms. They
concluded that the contribution of teleworking to firm performance is very significant
and suggests that teleworking can increase organizational flexibility and generate
sustainable competitive advantage.

3.3 Relationship between Flexible Office Environment and Productivity

According to De Croon et al, [18] there is a lack of consistent evidence for the effect
of flexible office environment on the productivity of employees. The exact
implementation of the physical office environment and the match between
workspaces and work tasks or activities of the employees mainly account for the
success. Employees report an increase in communication as being one of the biggest
benefits of the flexible office environment compared to traditional owned workplaces
[19]. It is unknown whether an increase in communication will result in an increase of
job performance [20] and it is assumable that this relies on function type. The study of
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Robertson and Huang [21] suggest that when an office work environment is
ergonomically designed and coupled with training, it provides employees with a high
degree of environmental control and knowledge, which may positively influence
individual performance, group collaboration and effectiveness. Results of the study
revealed that satisfaction with workstation layout had a significant relationship with
individual performance, group collaboration and effectiveness. These results are
underpinned by the results of 2008, where the effect of workspace design was studied.
Optimizing the workspace design in order to support group and individual work, in
combination with providing ergonomic training and information to employees
significantly reduced the business process time [22].

3.4 Relationship between Flexible Work Times and Productivity

A review of Beauregard and Henry [14] reveals that there is no conclusive evidence
for the existence of a relationship between working on flexible hours and
productivity. Some studies show that self rated productivity is higher when employees
experience more flexibility in work times. Other studies show that with minimal
flexibility, (e.g. agreement on the specific hours at forehand), an optimum of
productivity was achieved. At firm level flexible work hours seem to result in positive
productivity effects. A few explanations for the increase in productivity is that
employees choose the best moment to perform the job, have better balanced work and
privet lives causing less interference and reduce traveling time [14].

3.5 Relationship between Collaborative Tools and Productivity

The European commission [23] has conducted a study on the effects of ICT on firm
productivity, measured in terms of turnover growth. They report a growing consensus
that ICT does have positive effects on labour and total factor productivity. For a long
period of time it was unclear what the relationship was between ICT investments and
the productivity of a company. The conclusion of the study states that there is limited
evidence for the existence of the relationship, although the causality remains unclear
[23]. In the study of Kratzer et al, [24] an increase in creative productivity is seen
when team members have autonomy on which communication tools they are able to
use (face-to-face or collaborative tools). Productivity (expressed by creativity) of the
team was lowest when team members constantly were space dependent (face-to-face)
or constantly place independent (collaborative tools). However, other study report
otherwise [25]. For meetings where decision making plays an important role, it is
suggested to use face-to-face meetings in stead of ICT systems. Although the quality
of the results is similar, the face-to-face groups were more efficient [26].

3.6 A First NWW Framework

Based on the literature and expert opinions a framework, and definition of NWW
measures could be made (figure 1). This framework shows the NWW measures on the
one side and the business objectives on the other side and the effects found in the
literature review are displayed using black dotted lines. Only productivity effects are
presented in this paper.
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Fig. 1. Simplified framework of the relationships between NWW measures and business
objectives

This framework is input for the experts meeting and MARVEL method. The
MARVEL results are not available at the time of publication of this paper.

4 Discussion

From the literature review we gained inside in the effect of some critical factors that
influence the extent in which NWW measures affect business goals. The lack of a
coherent framework, no standardized definitions and the brought variety of scientific
research found, caused a great difficulty to compare and interpret the research
findings. For the business objective productivity, a wide variety of different measures
were found, and almost no objective measures. For knowledge intensive work it is of
great importance to focus on quantity as well as quality productivity outcomes. We
suggest using the definition defined by the Q2 model of Rhijn et al. [10], in which
productivity is defined as a function of the ratio between outputs and inputs both in
terms of quantity and quality. They define quantity as an aspect related to efficiency,
‘doing things right’, whereas quality is associated with effectiveness, ‘doing the right
things’ [27].
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The framework that is presented provides us with a first outline of the relationships
between NWW measures and business objectives. An important factor that is not
included in this framework and might affect the relationships between NWW and
business objectives is the interaction effect between NWW measures. The success of
NWW appears to be associated with the correct interaction of the implementation of
NWW measures. For instance a good combination between the use of ICT resources,
establishment of the physical environment and management style is of great
importance for the success and actual outcome on business objectives.

A second factor that might affect the relationships in the NWW framework is the
way in which the NWW programs are implemented in organizations. Researchers
suggest that this is of great relevance for the success outcome, but how involvement
affects the business objectives remains unclear [28]. This is partially confirmed by
study of Lee and Brand, who showed that higher group cohesiveness is perceived
when employees experienced more personal control over the physical workspace [29]
and it might increase productivity as well. A third factor that influences the effect of
NWW and should be taken into account is the differences in individual
characteristics. The individual characteristics such as need for autonomy [30], age
[31] and privet family situation [14]. might effect on the relationships shown in the
framework.

The above discussed interfering factors (referred to as context variables) show the
complexity of the framework. We see the NWW framework as a base which needs
further research in order to gain more scientific insight. MARVEL is a first attempt to
fill the framework, but is expected to lead to a priority of hypothesis that should be
researched in the coming years.

5 Conclusion

The objective of this research study was to investigate whether it is possible to
establish relationships between HNW measures and business objectives in an
integrated theoretical framework. All together the literature research increased the
understanding of the existence of relationships between the NWW measures and
business objectives and has resulted in an initial outline and scoping of the NWW
framework. For a small number of the hypothetical connections, the scientific
literature provided conclusive information on the effect of a particular NWW measure
on business objectives. However, this still left a large number of hypothetical
relationships in the model for which there is no or relatively little scientific evidence.
The advantage of the framework is that it concretizes the aspects of NWW in a set of
measures and relates these to operational objectives, expressed as business objectives.
It also defines the gaps in knowledge and highlights the particularly complex nature
of the issue.
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Abstract. This chapter forms part of an area of research on the Human-
Technology-Organisation relationship. This research has emphasised the
emergence of closely linked, intense and symbiotic forms of activity in
workplaces and at home. Despite the relevance of the « Technology Acceptance
Model », the use of technology doesn’t always depend on « perceived
usefulness » and « perceived usability », but on the level to which a process of
human-machine symbiosis has developed. Based on a survey of 482
respondents we examine this technosymbiosis on three dimensions: (a) a sense
of control; (b) the benefit of human- machine mutual adaptation; and (c) the
perception of utility. We show that the use of a new technology is correlated
with a high level of technosymbiosis, i.e. correlated with these three elements.
Finally, the link between these dimensions and the use of technology is
established. This validation is based on the correlation between the average
score of the rating of attitudes in a questionnaire and the number of
technologies the respondents reported using (r = .597, p <.0001). In addition,
these three dimensions explain for 35% of the variance (adjusted R 2 = .355) in
the use of technology.

Keywords: Technosymbiosis, Neosymbiosis, Technology Acceptance, Human-
technology relationship.

1 Introduction

A large number of theories try to explain the phenomena behind the use of new
technologies. Globally, models of the human-technology-organisation relationship
have been put forward which can be fitted into three categories [8, 9]:

e  Models focused on operative acceptance emphasize that human-machine
interaction must be ergonomically optimised to facilitate communication, to
make it usable, convivial, simple, effective, efficient, and enjoyable... [4]. In
this approach the interaction between humans and technology is often
decontextualised from socio-economic and organisational processes which,
however, give evidence about the context of use. The main objective is to design
and develop technologies adapted to humans, aiming to guarantee a software
operative acceptance leading to technology usage.

M.M. Robertson (Ed.): Ergonomics and Health Aspects, HCII 2011, LNCS 6779, pp. 131-21,/2011.
© Springer-Verlag Berlin Heidelberg 2011
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e  Social acceptance models address the problem of the introduction of new
technologies into socio-organizational situations, highlighting the disrupting
effect of the forms of regulation imposed by new usages which primarily depend
on social factors. From this point of view, the impact of the technology depends
on social acceptance, which is on the one hand an interpretation of the
determinant variables of user acceptance (e.g.: perceived usefulness and
perceived usability) [10] and on the other hand determined by the disruptive
effect of factors involving social regulations (socio-economic organizational,
and cultural changes...) [1].

e In symbiotic models, technology is considered as neither unknown nor distant,
and nor foreign to us, which would justify our accepting or rejecting it, but it is
regarded as an extension of ourselves, we live with it, humans and technology
cohabit. Furthermore, technology is man-made: It appears as if humans have
entered into a sort of technosymbiosis where they transfer what is programmable
in themselves to technology, at the same time these technologies become
symbiotic agents which transform human beings.

The aim of this paper is to highlight the importance of three variables in the
characterization of the symbiotic relationship between humans, technology, and
contexts. We will show that technosymbiosis is based on (a) a sense of mastery of
technological uses, (b) a representation of the benefits of a mutual adaptation between
human beings and technologies, and (c) a usefulness perception, all of which
reinforce and augment technology usage. In order to do this we will return to the key
points of the theory of human-technology-organization symbiosis, followed by the
results obtained from our questionnaire of 14 items given to 482 respondents, these
results fitting in with our model.

2 Human-Technology Symbiosis

2.1 Theoretical Reminder

Seeing the computer as a symbiont created by humans is a thesis developed by
Licklider [17]. At that time, the famous American psychologist, who was greatly
instrumental in giving the computer its present day form, had envisaged the
emergence of an era of interdependence between human beings and computers, where
the interaction between the two would become tightly linked: symbiosis. In this way
users would be able to « dialogue »with the machine as they do with their fellow
human beings enabling the provision of a real conversation. Since Licklider’s first
article, symbiosis, a notion originating from the Natural Sciences defined as « living
together», is no longer reserved for relationships in nature, but also describes the
relationship between human beings and their artefacts.

Today Licklider’s ideas have never been more topical [11, 12, 13]. Technological
evolution has proved him right: technologies are becoming more and more embedded,
complex, miniaturised, robust, and autonomous... They have become invisible, yet
they have an enormous impact on our lives whether we use them or not. The idea of
the human-technology relationship in terms of symbiosis, hybridization, fusion or
coupling, is of increasing relevance. In this sense, the interdependency formed
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between humans and their symbiont, the technological artefact is made explicit in the
symbiotic approach.

More than 40 years later, the human-technology-organisation symbiosis model [2,
3,4,5,6,7, 8, 9]; postulates that human beings and technologies coexist so well that
human beings shape technology just as technology shapes human beings. Without
referring back to the theoretical elements, this symbiosis between humans and
technologies produces permanent interactive loops enabling technology and the
human psyche to develop in parallel. To summarize, the human-technology symbiosis
theory can be synthesized into the following four ideas:

e  Co-extension: Technology becomes a human extension. It stretches human
skills, aptitudes, capacities and properties. Humans transfer what can be done by
machines from themselves to their symbionts. Once this is achieved, the
technosymbionts become a part of ourselves, possessing similar and expanded
human properties (augmented intelligence, greater perceptivity, error
management resilience, user empowerment...).

e Co-evolution defines the transformations occurring during the evolution of the
two elements: Human beings benefit from their relationship with technology,
which in turn (via inventors, designers and engineers) benefits from successive
improvements. In the living world, co-evolution is often observed in the
relationship between natural symbionts and their living hosts. In the
technological world, technologies’ features are integrated into an evolutionary
process as part of sustainable and mutual interactions with human beings, this
creating technosymbiosis. Interactions between natural and artificial organisms
lead to competition driven evolution making adaptation necessary.

e  Co-action. This is the state of permanent feedback of one element to the other
elements. Human beings and technology act together following complex and
continuous cycles. They have an effect on each other. Humans bring about
changes in technology as the latter enables humans to bring about change in their
own activities.

e  Co-dependence. Humans have confidence in their technology and often use it to
think, to act, to work, to expand their feelings, to communicate, to play, to buy...
Humans rely on their technosymbiont to the extent that daily activities carried
out in the past, have disappeared or have been forgotten. Sometimes humans
cannot carry out certain activities without their techno-symbiont.

The metaphorical use of the biological term “symbiosis”, has no other purpose than
to describe an interdependent relationship between two living or non living entities
who each benefit from cohabitation. But if the notion of human-techno-symbiosis is
relevant in this respect, one needs to define the psychological factors which are
required to demonstrate that humans engage his/her mind to live in a symbiotic
relationship with technology.

2.2 The Human Perception of Technosymbiosis

By emphasizing that humans and machines are connected by strongly dependent
links, the human-technology symbiosis theory assumes first of all that certain human
beings have developed a high level of mastery of these technologies, more
specifically, that they are confident in their capacity to use them.
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Hence with this mastery, human beings have developed a strong sense of control.
Experiencing a sense of mastery, means experiencing a sense of control of the
technology that will enable them to understand it better, to define its limits, to
understand how it functions, and even to develop the capacity to make repairs. The
notion of technosymbiosis implies therefore that humans have developed sufficient
mastery to enable them to interact with the technology.

However, a sense of control isn’t enough to explain technosymbiosis, humans also
perceive the benefits derived from mutual adaptations established with technologies,
as for example, exchanging information, and knowledge transfer, developing forms of
delegation, or sharing resources. This is what characterizes the notion of
technosymbiosis: The existence of mutual adaptation where humans and machines
gain new benefits through mutual adjustment.

Finally, symbiosis fosters a perception of self performance: The technology is
perceived as useful and efficient, and hence it increases our sense of accomplishment.

3 Problem and Method

3.1 Main Questions

Our general research question is to investigate whether human behaviour, when
facing technological systems can be assessed effectively according to a symbiotic
framework which highlights the existence of technosymbiosis based on (figure 1):

e  The benefit perceived through mutual adaptation: Humans and technology
mutually adapt via the redesigning processes to upgrade the technology. It is the
degree to which a person believes that mutual adaptations, from humans to
technology and technology to humans, would give more benefits to upgrade
interaction quality.

i Dimensions of Human-Technology
Symbiosis

Sense of control

Benefit of mutual adaptation i o Behavioral Actual system
: intention to use use

Perception of utility

————

External variables

Fig. 1. Basic model of technosymbiosis
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Sense of mastery of the technology: Self perceived efficiency in the use of
technology enhances the level of human technosymbiosis; that is the degree to
which a person believes using a technology would enhance his or her sense of
control of the technological world.

Perceived utility related to the technology and perceived usefulness; that is the
degree to which a person believes using a technology would empower their
interaction or enhance their performance.

3.2 From Interviews to Questionnaires

The quantitative assessment was made in five stages:

3.3

Setting out the questions. As well as the considerable bibliography on the
subject, unstructured interviews were conducted with 4 interviewees. The aim
was first, to verify the appropriateness of the themes used in conversation with
the interviewees, and second, to check that the vocabulary used to design the
questionnaire was generally easy to understand. On this basis 54 questions were
constructed.

Semi-structured interviews. These 54 questions were then given to 10 people
with differing profiles. They responded to the questions as well as giving their
opinions on the design of the questions and their understanding of them.

Pre-test. The instrument was then given its first real examination through a pre-
test on a sample of 172 people [6, 7]. This pre-test showed how well the
instrument had been put together as well as indicating where the instrument did
not work, particularly in certain items.

Correction of parts which did not work well. The problems encountered in the
deficiencies were taken into account in the current validated version of
“questionnaire on human-technology symbiosis”. The items are shown in the
table below (table 1).

Final interviews. The items were again given to 10 people, as in stage 2. Finally,
the questionnaire was self-administered to 482 people. The participants had to
rate their agreement with the set of items on a Lickert type scale ranging from 0
(completely disagree) to 6 (completely agree). A high score for an item denotes a
high degree of symbiosis, conversely a low score denotes a low degree of
symbiosis

The Content of the Questionnaire

The questionnaire is split into two parts. The first part deals with collecting
information about the participants, (age, profession, gender...) and their use of
technologies (time spent using it, types of hardware/equipment/software used...). The
second part comprises 14 questions on technosymbiosis (table 1). The statistical
analysis seeks to validate the quality of the instrument and to describe its use
(measured by how much technologies have been used) through a series of set attitude
statements.
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Table 1. List of items used to assess the hypothetical dimensions of technosymbiosis

Sense of control(6 items)

Feeling of 1 find Information and Communication Technologies simple
simplicity to use. (ICT).

Sense of ease 1 feel at ease when handling ICT’s.

Operative agility I know how to obtain what I need from ICT’s.
Maintenance skills | I think I am able to make repairs to ICT breakdowns.
Control of change I know how to handle changes imposed by ICT’s.

High level of I never have any problems with ICT’s .

mastery of use

Benefit of mutual adaptation (6 items)

Adaptation to Changes in ICT’s increasingly meet my expectations.
expectations

Adaptation to In the workplace or at home, I think ICT’s generate changes
changes that are easy to deal with.

Preferential For everyday activities I prefer using ICT’s to more
Adaptation traditional methods.

Belief in 1 feel that ICT’s will meet my future needs.

technological

adaptation

Benefit of Social changes brought about by ICT’s are beneficial as
inventiveness they enable me to be inventive.

Benefit of fun and Activities using ICT’s become more enjoyable and fun to
pleasure. do.

Perception of utility (2 items)

Usefulness ICT'’s offer useful functionalities.

Effectiveness ICT'’s offer functions which enable me to be more efficient.

3.4 Sampling

The participants in the study have an average age of 39.7 (¢ = 18.9). The sample (n =
482) is made up of French adults divided into three groups: students (167), employees
(161) and senior citizens (154). Within these three subsamples, the proportion of
women and men was split (47% women and 53% men. There was an equal
distribution of participants by socioeconomic status in the sample.

4 Results

In order to validate our grouping of the attitude statements into conceptual meaningful
sets, we conducted a principal components analysis. The matrix of partial correlations
is shown in (table 2). The Eigenvalues for the three factors were 5.35, 2.15, 1.16
respectively. The first factor explains 38.25% of the variance, the second explains
15.39% and the last 8.31% (Cronbach's a = 0.88). From the component matrix, we can
confirm that the distribution generally corresponds to our hypothesis, even though we
would have thought that the benefits of adaptation would have had a greater weight.
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Table 2. Results of the factor analyses and Cronbach’s o

Items / Factors 1 2 3 a
Sense of Feeling of simplicity .837 .134 -
control Sense of ease .882 107 -
Operative agility .665 .308 .124 852
Maintenance skills 747 | - A28 |
Control of change .733 187 -
High level of mastery of use 572 218 .200
Benefit of | Adaptation to expectations 257 755 .296
mutual Adaptation to changes 263 | .645 | -
adaptation | Preferential adaptation 446 | .589 - 855
Benefit of inventiveness A15 | .741 145 | ¢
Belief in technological adaptation | .142 | .715 244
Benefit of fun and pleasure A35 | .786 | -
Perception | Utility 176 .156 .859 787
of utility Efficiency A18 | 262 | .827 |°

The first factor corresponds well to the theme of sense of control of technologies.
We find once more, the configuration of the items linked to the need for people to
control their technological environment, to feel at ease, and to master it as well as
possible.

The second factor relates to the benefits of adaptation, which is that people
perceive the benefit from adapting to technologies and technologies adapting to them.

Finally, the third factor which is made up of two items clearly refers to perceived
usefulness as Davis [10] envisaged it; i.e. it refers to utility and perceived efficiency.

This analysis also highlights the relative weight of each factor: firstly the sense of
control, followed by benefit of mutual adaptation and finally perceived usefulness.
Whilst perceived usefulness is effectively a classic factor which is often identified
[14, 15, 16], nonetheless, a sense of control and benefit of adaptation, add to our
knowledge base in order to allow us to explain the use of technology. These two
factors are essential for us to identify the technosymbiotic effects:

e Having the feeling of mastering the technology, i.e. controlling technology to
develop a highly developed relationship between human and technology;

e Taking into account the benefits of the mutual adaptation of human and
technology.

Finally, validating the link between measurements and the use of technology was
made, based on the correlation between the average score of respondents to the
questionnaire and the number of technologies they reported using (r = .597, p <.0001).
In addition, the measured dimensions explain for 35% of the variance (adjusted R 2 =
.355) in the use of technology.
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5 Discussion — Conclusion

These results give weight to the notion of symbiosis which introduces the awareness
of technological feedback on the user as being an important point in the use of
technologies. On the fringe of the technological acceptance theories [14, 16], it
appears therefore, that a successful human-technology relationship is not based, (not
sufficiently, or not only,) on perceived usability and perceived usefulness, leading the
user to develop intention to use, then actual use of the system, as believed in the
social acceptance of technology theories. It lies in establishing a durable partnership
based on interactions which will enable the development of a sense of technological
control, the impression of a benefit of mutual adaptation, and perceived utility.

Today human beings draw the benefit of being connected to technology, which
carries out certain tasks, leaving them free to do other activities, which sometimes,
unfortunately, give little satisfaction. In any case, technosymbiosis is a form of
relationship with technology, in the sense that its main aim is to help, facilitate, or
give pleasure to the user in a given activity. It’s about assisting the user in improving
their degree of efficiency and quality of life. Technosymbiosis is also a process
generating behaviour patterns which (a) reflect a process of technological mastery, (b)
generate a benefit of mutual adaptation and (c) confer a perceived usefulness. No
doubt, these three dimensions represent new leverage to a better understanding of
human behavior in relation to technical systems and most of all to facilitate the
integration of technology into the work place and at home.
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Abstract. Work-related musculoskeletal disorders are common among
computer users, especially involving the neck and shoulder region. Previous
studies showed subjects with neck pain had altered muscle recruitment patterns
that persisted throughout the sustained computing task. Moreover, some studies
reported that working posture and psychological stress also influence muscle
recruitment. Therefore the aim of this study was to investigate the interaction
effect of working posture and psychological stress on muscle activity. Fourteen
subjects (7 neck pain subjects and 7 healthy subjects) were recruited in this
study. This study designated two working postures (upright sitting posture/
backward sitting posture) and two levels of psychological stress (standard
typing task/ stressful typing task), and used surface EMG to collect the muscle
activity of the upper trapezius and cervical erector spinae during al0-min typing
process. Results showed psychological stress trends to increase the muscle
activity, while a backward sitting posture trends to decrease muscle activity.
Considering the busy and stressful life in modern lifestyle, this study suggests
subjects with neck pain should maintain a backward sitting posture during
computer use.

Keywords: Neck pain, Typing task, EMG, Working posture, Psychological
stress.

1 Introduction

Work-related musculoskeletal disorders are common among computer users, with the
neck and shoulder region being most often affected [1-2]. Many studies demonstrated
increased neck-shoulder muscle activities in neck pain subjects [3-7]. Hall and
Quintner [5] found increased upper trapezius (UT) activity with sensitized neural
tissue in patients with painful cervical radiculopathy. Szeto et al. [8] demonstrated
increased activity in the cervical erector spinae (CES) and UT muscles in neck pain
subjects during typing tasks. Falla et al. [4] also reported subjects with neck pain
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demonstrated greater activation of accessory neck muscles during a repetitive upper
limb task compared to healthy subjects. The gartering of neck-shoulder muscle
activation may represent an altered pattern of muscle recruitment which compensates
for reduced activation of painful muscles [4, 7]. On the other hand, psychological
stress is thought to increase the risk of developing a musculoskeletal disorder in the
neck-shoulder region [9]. Johnston et al. [10] reported the normalized EMG
amplitudes of neck-shoulder muscles were increased during stressful typing tasks.
These findings suggest an altered muscle recruitment pattern in neck-shoulder
muscles during stressful situations.

Working posture also has an important effect on the muscle recruitment pattern.
Many studies reported a significant association between forward head posture during
computer processing and neck pain [7, 11-13]. Weon et al. [14] reported increased
neck flexion angles were associated with significantly higher activity in the UT
muscle. Szeto et al. [13] suggested the altered muscle recruitment have a relationship
with the altered kinematics.

Some studies showed a marked reduction of the level of neck and shoulder muscle
activity when a posture with the thoraco-lumbar spine slightly inclined backward was
used [15-16], suggesting the backward sitting posture may be beneficial to the muscle
recruitment pattern. However, the interaction effect of working posture and
psychological stress on the neck pain subjects has not been studied.

2 Methods

2.1 Subjects

Fourteen subjects were recruited for this investigation (7 female and 7 males, age
range=19-24 years). An interview questionnaire modified from the Standard Nordic
Questionnaire [17] was used to collect information about musculoskeletal symptoms
in the neck-shoulder region, including the right/left neck and shoulders. The inclusion
criteria of case group were the subjects perform a minimum of 6 h of computer work
daily, with moderate to severe discomfort in the right/left neck and shoulder regions
(summed discomfort scores >5/40) for at least 3 of the past 12 months. The subjects
with no complaint of neck and shoulder discomfort for less than 3 months and no
present complaints (summed discomfort scores=0/40) were assigned to the control

group.
2.2 Experimental Procedure

The experimental tasks were four typing tasks, each one lasted 10 min. This study
involved four typing conditions, including: upright sitting-standard typing task
(upright-standard), backward sitting-standard typing task (backward-standard),
upright sitting-stressful typing task (upright-stressful), and backward sitting-stressful
typing task (backward-stressful). The orders of the four typing conditions were
randomly determined. Subjects were required to copy a text that appeared on their
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computer screen, by typing the text in another window. Subjects were not allowed to
use the computer mouse. The definitions of working postures and workload
conditions are:

1. Upright sitting posture (upright). In this condition, subjects were asked to maintain
erect posture.

2. Backward sitting posture (backward). In this condition, subjects sit on chair in
which the back support was angled backward 10°.

3. Standard typing task (standard). The subjects were requested to type at a
comfortable pace.

4. Stressful typing task (stressful). Subjects were verbally encouraged to work faster
and informed of the number of typing errors.

2.3 The Workstation

A chair with adjustable height was used. In each condition, the height of seat was
adjusted to the fit the subjects’ knees. The upper edge of the screen was 5—-10° below
the horizontal plane of eyes. The viewing distance was 400 mm. Table space in front
of the keyboard was broad enough to support hands or forearms. The angle of elbow
during typing was almost 90° [18].

2.4 Measurements

Muscle activity was measured by surface-EMG. Electrodes were placed over the right
CES and UT muscles. For CES, the distal electrode was placed 10 mm lateral to C5
spinous process, and the proximal electrode was placed 20 mm above the distal
electrode. For UT, the midpoint of the two electrodes were level with the midpoint
between the acromion and the C7 spinous process [7]. The signals were amplified by
a preamplifier placed close to the electrodes and then sent to the data acquisition unit
of the NeXus-10 System (Mind Media B.V., Netherlands) that amplified and sampled
the EMG inputs at 2048 Hz. All the EMG signals were processed in BioTrace+ (Mind
Media B.V., Netherlands) program with a band-pass filtered at 20-500 Hz. Then the
signals were down-sampled to 10 Hz RMS (root-mean-square). The EMG amplitude
was normalized to maximum voluntary contraction (MVC, see Table 1) [7].

Subjects verbally rated their typing-related discomfort in four body regions (left /
right neck and shoulder) on a numerical scales of 0-10 with 0 = no discomfort, 1 =
minimal discomfort and 10 = extreme / intolerable discomfort. These four body
regions were adapted from the Standardized Nordic Questionnaire [17].

2.5 Data Analysis

Paired t-test (SPSS 16.0 for Windows, 2008) was used to examine the difference of
normalized EMG amplitudes and summed discomfort scores within the four typing
conditions. Statistical significance was set at a probability level of 0.1.
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Table 1. Maximum voluntary contraction tested in normalization for CES and UT muscles

Muscle Starting position Muscle action and application of load
Cervical erector ~ Head in upright position Neck extension- against resistant
spinae (CES) force at the posterior occiput

Upper trapezius ~ Arm in 0° flexion and abduction Scapular elevation- against adjustable
{UT) Scapula at neutral elevation strap on the acromioclavicular joint

3 Results

Fig.1. showed the mean values of summed discomfort scores. There were significant
differences between the case group and control group in all four typing conditions
(all p<0.05). Both subject groups have decreased summed discomfort scores in the
backward sitting posture, although only the case group showed a significant
difference (p <0.1) under the standard typing condition. Comparing the upright-
stressful condition with the backward-standard condition, there was a significant
difference in the case group; however, there was still no significant difference with
the control group.

3(5] ® Upright

8.0 Backward

;’3 v NS NS NS
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3.5 1
3.0 1
2.5 1
2.0 A1
15 1

1.0:9
0.5 —
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Standard Stressful Standard | Stressful

Summed discomfort scores

Case Group Control Group

NS: no significant difference; *: significant difference with p << 0.1; **: significant difference with p<<0.05
A: Compared upright-standard with backward-standard; compared upright-stressful with backward-stressful
(posture effect).

B: Compared upright-stressful with backward-standard (stress x posture effect).

Fig. 1. The mean values of summed discomfort scores
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Fig.2 summarized the normalized EMG data of the CES and UT. Although no
significant difference was found, these results show the UT muscle activity in the case
group was higher than the control group; compared with the standard typing
condition, both of these two groups showed increased muscle activity of CES and UT
under stressful typing conditions; compared with upright sitting posture, both subjects
groups have deceased muscle activity of CES and UT in the backward sitting posture.
When comparing the backward-standard condition with the upright-stressful
condition, there were significant differences in CES and UT muscle activities of case
group (all p<0.05); however, significant difference were only demonstrated in CES

muscle activities of the control group (p<0.1).
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NS: no significant difference; *: significant difference with p << 0.1; **: significant difference with p << 0.05.
Fig. 2. The normalized EMG amplitudes of CES and UT

4 Discussion

This study compared four typing conditions to investigate the interaction effect of
sitting posture and psychological stress on neck-shoulder muscle activities and
summed discomfort scores. The results showed the backward sitting posture tends to
decrease the muscle activities of neck-shoulder muscles, and the stressful typing
condition tends to increase muscle activities. When comparing the upright-stressful
with backward-standard, significant differences were found in the summed discomfort
scores and normalized EMG amplitudes in case group.

Previous studies reported the symptom of pain, psychological stress and working
posture all have significant effects on the muscle recruitment pattern [6-7, 10, 12-14,
19]. This study focused on the interaction of these factors. The order of summed
discomfort scores was: upright-stressful > backward-stressful = upright- standard >
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backward-standard, showing that the subjects felt less discomfort when using the
backward-standard condition, and reported most discomfort in the upright-stressful
condition. Fall et al [20] reported that subjects with chronic neck pain had a reduced
ability to maintain an upright sitting posture. O'Leary et al. [21] demonstrated
decreased endurance of the craniocervical flexor muscles in neck pain subjects at 20%
MVC. Since it is difficult to maintain an upright sitting posture, neck pain subjects
were reported a forward head posture during computer use [13, 22]. The forward head
posture has been associated with increased cervical compressive loading [23], and a
significant association with neck pain [11]. Although the posture effect of summed
discomfort scores in case group only showed significant different in standard typing
tasks, the scores show a trend toward decreased discomfort in the backward sitting
posture. When combining the stress and posture effects, the case group have
significantly increased discomfort scores, however, there still no significant influence
on the control group. An interesting finding there was no significant difference in any
of the tests of summed discomfort scores of control group, means of most of the
subjects in control group revealed no difference of discomfort during the four typing
tasks, and that the muscle recruitment pattern was altered by the psychological stress
and working posture.

The order of normalized EMG amplitudes of the two subjects groups was: upright-
stressful > backward-stressful > upright-standard > backward-standard, showing the
upright sitting posture and stressful typing task tended to have increase the muscle
activity, and conversely, the backward sitting posture and standard typing task were
reported to reveal a trend towards decrease in muscle activity. When investigating the
interaction of stress and posture (comparing the upright-stressful condition with the
backward-standard condition), this study demonstrated significant differences of UT
and CES muscle activities in the case group, revealing that stressful psychological
conditions have a significant effect when combined with the upright sitting posture.
Considering the busy and stressful life in modern society, maintaining a backward
sitting posture is a good strategy for the neck pain subjects.

In conclusion, this study suggested the backward sitting posture is the prefer
working posture for neck pain subjects during typing task, especially in
psychologically stressful situations. The interaction effect of posture and stress also
significant changed the muscle activities of CES in healthy subjects. However, no
significant influences were found on subjective discomfort in the healthy subjects.
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Abstract. In the paper there was defined notion of “quality of working life”,
starting from the definition included in the ISO90000 norm. The results of
employees’ satisfaction survey carried out in the following three years in the
company having the integrated management system (ISO 9k, ISO 14k, ISO
18k & SA 8000) have been presented. The statistical analysis of the obtained
results was carried out and the employees’ satisfaction assessment method was
proposed. The global assessment coefficients, variance analysis between groups
of the employees, assessments correlation analysis and trend coefficient of
changes received on the basis of the regression model were taken into account.

Keywords: quality, working life, statistical analysis, management systems.

1 Introduction

Discussion on operations and processes performed by an enterprise and their
influence on quality of work environment and working life should start with
a definition of the terms “quality” and “quality of working life”. In the literature, there
are numerous approaches to these terms. Heskett, Sasser and Schlesinger [1] define
the term of quality of working life (QWL) as the feelings that employees have
towards their jobs, colleagues and organizations that ignite a chain leading to the
organizations growth and profitability. Lau, Wong, Chan and Law [2] operationalized
QWL as the favorable working environment that supports and promotes satisfaction
by providing employees with rewards, job security and career growth opportunities.
Serey’s [3]definition of QWL is related to meaningful and satisfying work. It includes
(i) an opportunity to exercise one’s talents and capacities, to face challenges and
situations that require independent initiative and self-direction; (ii) an activity thought
to be worthwhile by the individuals involved; (iii) an activity in which one
understands the role the individual plays in the achievement of some overall goals;
and (iv) a sense of taking pride in what one is doing and in doing it well. This issue of
meaningful and satisfying work is often merged with discussions of job satisfaction,
and believed to be more favorable to QWL. QWL [4] is thus a multi-dimensional
construct, made up of a number of interrelated factors that need careful consideration
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to conceptualize and measure. It is associated with job satisfaction, job involvement,
motivation, productivity, health, safety and well-being, job security, competence
development and balance between work and non work life.

Plato defined quality of an item as a level of excellence it achieves. On the other
hand, ISO 9000:2005 standard defines quality as a level of meeting requirements by a
set of inherent characteristics. The important aspect of the last definition is referring
the idea of quality with requirements — of customers (internal and external), of users
and other interested parties.

In case of taking an effort to define quality of working life the parties of such an
agreement (requirements — fulfillment of demands) are employees (potential
employees) and employers. Thereby, it is necessary to admit that employees are the
demanding party and employers are the meeting requirements ones. An employee,
accepting negotiated or proposed by an employer working and financial conditions,
determines the satisfactory level of quality of working life and requires fulfillment of
the contract conditions. Therefore, if quality is defined as a level of meeting
requirements, then level of meeting employees’ requirements by employers defines
their quality of working life.

Certainly, employees’ requirements can not be unlimited (then we would deal with
Plato’s definition of quality). So, fulfillment of employees’ requirements by
employers consists in by presenting employees a job offer on conditions in
compliance with the law of the particular country, customs, good manners, internal
regulations concerning work and salary as well as enforced different management
standards.

2 Working Life Quality

Thus, precise definition of the term “quality of working life” requires definition of the
interested parties, namely employees working in the company, concerning this aspect.

In the course of three year survey done in the years 2007 — 2009, the employees of
the same company from the electronics branch were asked the same question on the
importance of factors concerning occupational satisfaction. The results have been
presented in the fig. 1. It results from the figure that the employees consider decent
salary for their work, good atmosphere, supervisors’ respect, working conditions,
opportunities for self - development and promotion as the most important factors. It is
interesting that the hierarchy of the priorities did not change within the space of three
years.

The results were confirmed by the experiment carried out by the authors of the
paper, who as professional auditors and experts of certifying bodies, during numerous
interviews with employees of various companies realized in SA8000, SEDEX and
Code of Conducts audits, corporate standards of social responsibility and business
ethics were identifying and analyzing the hierarchy of employees’ requirements
concerning quality of working life.

The conclusion from the research is the following: the most important expectations
are:

— Fair salary,
— Occupational satisfaction (I like what I do),
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Fig. 1. Importance of factors concerning occupational satisfaction

— Supervisors’ respect,

— Good organization of work and workstations,

— Safety, hygiene, ergonomics,

— Opportunity to prove one’s independence (strict definition of responsibilities and
rights).

Last but not least, the important aspects mentioned by the employees were respect
for the natural environment, supporting local societies, enabling freedom of
employees’ societies.

3 International Standards Versus Life Quality Factors

Most of the requirements presented above are reflected in various management
standards. For example, fair salary is directly mentioned in the point 8 of the SA8000
standard, safety and hygiene of work are mentioned both in the SA8000 standard
(point 3) and in the OHSAS standard, supervisors’ respect is mentioned in points 5
and 6 of the SA8000 standard, definition of the rights and responsibilities is
mentioned in point 5.5.1 of the ISO 9001:2008 standard and environmental aspects
are discussed in the ISO14001 standard. There are numerous examples of such
connections between the employees’ requirements and requirements of standards
(factor\standard\clause and requirement): Economical demands (salary, working
hours, overtime): SA (7. Working Hours, 8. Remuneration); SEDEX (5. Wages and
Benefits, 6. Working Hours).

e Civil demands (discrimination, discipline, respect, interpersonal relations): SA8000
(2. Forced and Compulsory Labor, 4. Freedom of Associations & Rights to
Collective Bargaining, 5. Discrimination, 6. Disciplinary Practices, 9. Management
Systems — Addressing Concerns and Taking Corrective Actions); SEDEX (1.
Employment Freely Chosen, 2. Freedom of Association, 4. Child Labor, 7.
Discrimination, 9. Harsh or Inhumane Treatment).

e Social demands: SEDEX (announced indirectly).
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e Legal and Technical Demands (for example labor code); ISO 9001 (1.1. General
ruling), ISO 14001 (entirely), ISO 18001 (entirely), SA8000 (9. Management
Systems — Polic); SEDEX (8. Regular employment, A. Entitlement to Work).

e Workstation Organization Demands (efficient procedures on workstations): ISO
9001 (5.5.3. Communication Inside of Organization, 6.3. Infrastructure, 6.4.
Working Environment, 7. Execution of Product) [5].

e Safety and Health at Work: SA8000 (3. Health and Safety), ISO 18001 (entirely),
SEDEX (3. Safety and Hygienic Conditions).

e Demands concerning environmental protection: ISO 14001 (entirely), SEDEX (B.
Environment).

e Demands concerning self — development, competence, responsibility: ISO 9001
(5.5.1. Responsibility and Rights, 6.2.1. General Rules, 6.2.2. Competences,
Awareness and Training); SA8000 (9. Management Systems — Planning and
Implementation).

e Demands concerning employer’s image: SA8000 (9. Management Systems —
Outside Communication and Stakeholder Engagement, 9. Management Systems —
Control of Suppliers/Subcontractors and Sub - suppliers), SEDEX (0. Management
Systems and Code Implementation).

There arises an issue concerning influence of the implementation of these demands
on quality of working life by employees.

4 Example of Research of Working Life after Implementation of
Quality Integrated Management System

The considered example has been developed on the basis of the data obtained during
survey of employees’ satisfaction in the company from the electronics branch. The
survey was carried out in the three following years (2007 — 2009), beginning with the
time of the implementation of the quality integrated management system.

The survey covered three groups of the employees:

— office workers (monthly),
— laborers (accounted according to hourly rates),
— seasonal workers (temporarily employed).

The scope of the survey was very extensive and concerned as much as 24 criteria
of working life, which were judged in the scale from 1 to 6 by the respondents. In the
report the survey results have been presented in the form of layer charts built with
percentages of answers, for the established scale of assessment. The fig. 2 presents the
exemplary survey results.

The results concerned mainly identification of aspects assessed the worst by the
employees. The results also concerned the recommendations to take actions in order
to improve the situation. The results breakdown from the year 2007 was presented in
the table 1.
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Fig. 2. Example of survey results of employees’ treatment assessment in 2007

Table 1. Survey results on employees’ satisfaction in 2007

Results following from Recommendations Recommendations
opinion poll suggested by employees suggested by authors of
survey
Especially positive evaluation: | - Replace production - Training for company
- Friendly atmosphere in work, management staff and management staff,
- Salary paid out in due time, company board, - Continuation of training
Especially negative - Free Saturdays or 100 series for employees
evaluation: % rate, management staff,

- Salary is too low, Extend breaks for Analysis of components
- Not keeping promises by employees, of salary system,

management, - Gift certificates for - Increase of employees’
- Treating badly employees by employees, participation in disposal
management, - To put permanent of social services assets,
- Badly administered social contract of - Adding of new
services, employment, communication channels
- Bad organization of labor and - To shorten accounting (company newspaper).
management, period to one month,
- Communication system not - Establish motivation
effective, rewards,
- Injustice in giving loans and
bonuses.

The conclusions from the two following years were very similar. However, on the

basis of the results obtained this way, it is impossible to answer the following
questions:

Is it possible to admit, that the evaluation of working life is similar in the particular
group of the employees?

What is the tendency in assessment change after introduction of the quality
management system?

Which assessment categories of working life are statistically similar to each other?
What is the global assessment of the company?
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In order to answer all the above mentioned questions the following analytical and
statistical methods were applied: \

— Correlation analysis of evaluation by different groups of employees,

— Analysis of directional coefficients of the regression and linear models (another
criterion may be applied for the nonlinear models, on condition of many year’s
standing of survey),

— Analysis of variance — in order to identify similar categories of assessment of
working life.

In the established method of assessment of the employees’ satisfaction V was taken
as a measure (for each of the criteria):

V=L,R,

where: V — assessment measure, L, — percentage of answers of a given value of
assessment, R — value of assessment (1 to 6).
For the purpose of the further analysis 11 criteria were selected:

— Work station equipment,

— Medical care,

— Occupational health and care,

— Relations between employees,

— Working conditions satisfaction,
— Treating by supervisors,

— Communication,

— Information on shape of the company,
— Management,

— Salary,

— Social services.

As the result of the carried out correlation analysis [6,7,8] of the working life
assessment given by different groups of the employees, one must say that in the years
2007 — 2008 the assessment does not differ essentially. Thus, the mean values can be
assumed in the further evaluation procedure. The results of the correlation analysis
were presented in the table 2.

The comparison of the global measure obtained from particular groups of the
employees is the acknowledgement of the conclusions resulting from the correlation
analysis of the assessment for the categories:

K
2Vik
— k=1
G] - T s
where: G; — global measure for j group of employees (j=1-3), V;, — assessment
measure made by j group of employees for k criterion (k=1-11), K — number of
criteria.
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Table 2. Report on correlation analysis from Winstat computer program (correlation
investigation of assessments between employees groups) [7]

Number of observations = 66

Accepted significance level = 0.050

Name of variable Mean Standard Variation coefficient

Deviation
1 X0l1->Monthly 177.5455 122.395432 68.94%
2  X02->Hourly 163.0909 100.703695 61.75%
3 X03->Temporarily 170.9242 105.217280 61.56%
Matrix of correlation coefficients
1 2 3

1 1.000000 0.880780 0.827918
2 0.880780 1.000000 0.729480
3 0.827918 0.729480 1.000000

Critical region - two - sided

Critical value of correlation coefficient = 0.242276

The mean value of the global assessment G can be determined:

J
2.6,
6: j=1 ,J=3.

Fig. 3 shows the distribution of the determined global measures in the particular
years of the survey, their mean value and model of the linear regression.
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Fig. 3. Graph of global assessment of particular groups of employees and mean value

In the fig. 3 the scale for the values of G within the interval of 1100 — 6600 (tab. 3)
was kept on purpose. It is an interval of the possible values of G in the considered
example. This way of presentation of the calculation results indicates on what level
the global assessment is while artificially adjusted scale might lead to false
conclusions. It follows from the figure that the general assessment of working life is
very similar in the examined groups of the employees and the mean value of that
assessment reveals slight uptrend. The determined regression model (linear form) lets
find out that at the existing level of the quality improvement of working life the
assessment of G will have reached 5101 approximately in 7 years. Therefore, it is not
the optimistic prognosis and improving actions must be intensified.
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Table 3. Assessment scale of G coefficient

Value of G coefficient Interpretation
1100 - 2100 Quality of Working Life - very low
2101 - 3100 Quality of Working Life — low
3101 - 5100 Quality of Working Life - average
5101 - 6100 Quality of Working Life — high
6101 - 6600 Quality of Working Life — very high

In order to identify the similarly assessed criteria groups the analysis of variance
was applied. On the basis of the analysis the hypothesis of equality of the means of
the investigated features in several populations is verified [9].

One made the null hypothesis H,: mean values from the group are equal (Hy:
Mi—lbo..=1), i.e. the investigated criteria are assessed similarly, towards the
alternative hypothesis H;: mean values from the group are not equal (the investigated
criteria are not assessed similarly) [7].

If the variance analysis does not reveal significance of the differences between the
examined groups then no further tests will be carried out. However, if the null
hypothesis is rejected in the variance analysis then a question arises, which of the
compared populations are responsible for rejection of the null hypothesis. We would
like to know, which out of n mean values differ between each other and which ones
are equal. For that purpose more precise examination of differences between the mean
values from particular groups should be carried out. In order to achieve that purpose
special post-hoc tests (afterwards) will be applied. The test are also called multiple
comparisons tests [7]. To evaluate homogenous groups the Duncan’s test [9] was

Table 4. Report from Winstat computer program — variance analysis for assessment criteria [7]

Ho: Main effects of coefficient A equal zero.

Hl: Not each of main effects of coefficient A are equal.
Critical region RIGHT-HAND. Significance level = 0.050
Calculated value of statistic F = 20.7451

Number of degree of freedom of numerator = 10

Number of degrees of freedom of denominator = 88

Ho has to be rejected in favor to the alternative hypothesis H1.

Means arranged in ascending order.

No of group Name Mean
6 Treatment 250.1111
11 Benefits 254.7778
7 Communication 294.2222
8 Information 306.0000
10 Salary 306.7778
2 Medical care 369.1111
5 Satisfaction 379.6667
9 Management 385.5556
1 Equipment 391.3333
4 Relations 396.2222
3 Safety and Health 417.6667

Test of homogeneity of groups (Duncan’s test). Significance level = 0.05
Homogenous groups and their means:

{25914 3}:389.93, {7 8 10}: 302.33, {6 11}: 252.44
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used. The variance analysis results for the assessment criteria of working life have
been presented in the tab. 4.

On the basis of the obtained results of the variance analysis it might be assumed
that there are three groups of the criteria assessed similarly. The treatment of
employees by the employers and social services were assessed the worst. The
communication in the company, information on the shape of the company and salary
were assessed quite badly, too. The remaining categories were assessed by all the
groups of the employees similarly, at the mean value of V =390 and the maximal
value of V. =660 .

In order to answer the question, what is the effectiveness of the introduced actions,
the linear regression analysis was applied [9]. Table 5 contains the comparison of the
directional coefficients of the regression models and percentage intensity of the
realized improving actions.

Table 5. Prognosis assessment of criteria assessment changes of working life

Value of directional . .
- . . . Percentage intensity of
Criterion coefficient of linear regression
changes annually [ %]
model

Benefits 105 21
Treatment 84,5 16,9
Management 76 15,2
Medical care 58,5 11,7
Equipment 48,5 9,7
Satisfaction 46,5 9,3
Communication 44,5 8,9
Information 43 8,6

Safety and health 15 3
Relations -13 -2,6
Salary -85 -17

A very good and vivid way to compare current assessments and change tendency is
to present the values of these measures in the form of radar chart (fig. 4).

Treatment

D Assessment

M Tendency

Management ) Salary

Satisfaction Medical care

Fig. 4. Radar chart. Assessment — standardized mean values of assessment according to the
scale 0 — 100. Tendency — percentage value of assessment change during year, determined on
the basis of linear regression model
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5 Conclusions

Implementation of the quality integrated management system does not guarantee the
immediate improvement of quality of working life. It is a complicated process and it
requires the systematic investigation of the effectiveness and efficiency of the
implemented actions. In order to exactly determine the effects and recommendations
it is necessary to carry out long — term investigation and monitor the obtained changes
trends. In the method of the assessment of quality of working life it is important to
consider the following aspects:

¢ identification of assessment criteria,

e selection of detailed and global measure,

e selection of employees groups and identification of compatibility of their
assessments,

e determining criteria groups with similar assessments,

e prognosing assessments changes with determination of the trend coefficient of the
changes.

While selecting a measure (coefficient) of the assessment it is important to remember
the established scale and link the obtained results to the scale. More natural way and
statistically precise is establishing a scale resulting from possible to obtain
coefficients (no standardization) values. However, such a scale is difficult to compare
with the results obtained from other investigations, for example benchmarking. Then,
it is worth of standardizing the obtained results to the most often accepted range
0 - 100.
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Abstract. This paper presents a study which objective was to investigate the
human interaction with the equipment of an office workstation (mouse,
keyboard, monitor, paper sheets, pens and calculator) during the activities of
reading, writing, data entry and navigation in a computer system for long
periods of time and with ecological validation. A sample of 22800 observations,
which corresponds to 760 work-hours of 30 office workers, was classified into
sixteen Interaction’s Categories (IC). The results show that the participants read
on the monitor more than on paper and they had a larger use of the mouse
instead of the keyboard. Findings of this study allow suggesting what graphical
interface designers must seek for new strategies and solutions to reduce the
mouse need, exploring other peripherals as keyboard or voice recognition
devices; or, at least, diminishing the amplitude of movement with the mouse
during the interaction with office’s software like the Microsoft® Office 2003.

Keywords: Office workers product interaction, Ergonomics procedures,
Observations methods, Video display terminal.

1 Introduction

A rapidly increasing number of people are involved in work with computers for long
periods of time. According to Anshel [1], more than 175 million of North Americans
frequently use computers at their workplaces. In the beginning of the XXI’s century,
data from the European Foundation of Living and Working Conditions shown that the
percentage of workers who are involved in computer work “all the time” or “almost
all the time” is 19% in the European Union [2]. In many of these countries, because of
this massification, a constant alert regarding the potential negative effects that the
intense use of computers can cause is observed, with many published works in this
area [3,4,5]. Most of them indicate that repetitive strain injuries (mainly in the hands,
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shoulders, arms and neck), eye injuries and psychological changes are caused by
environmental conditions, excessive workload, and mainly by the several ways of
interaction in the workstation of computerized work [6].

In a general way, the data regarding the workers’ interaction with the workplace
are collected in simulated laboratory conditions or in very controlled real situations.
Although this kind of studies interferes with the tasks and with the natural behaviours
of the workers, they have some advantage as: an accurate control of variables, a high
potential to collect physiological measures and the accuracy of data collected, mainly
the quantitative [7,8,9].

Handrick and Kleiner [10] argue that the main element for a good ergonomics
analysis of the activity or for the products development is to adopt a systemic
approach of activity through the analysis of all interactions possibilities in a real
context of work. Thus, the techniques and experimental protocols usually used to
evaluate the interaction with Visual Display Terminals (VDTs) fail by: (i) low
ecological validity; (ii) lack of systemic evaluation - especially the lack of data-
crossing between task, activity and equipment used in the workplace (e.g. keyboard,
mouse, monitor); (iii) changing in the study’s context due to the need to adapt the
environment, the workplace and the individual to the equipment and procedures
which are necessary to the data collection; (iv) do not collect all the components of
the human behaviour in activity, even when the protocols are done in real work
conditions, they use representations (simulation) of the real situation; (v) be very
intrusive since they change the environment and even the work task for the studied
work requirements.

When objective techniques (e.g. goniometry, pressure maps, electromyography)
are used in activities which require the evaluation through long periods of time (as
work with VDTs), they have some technological limitations, as they produce too
much data and, consequently, there is an overload of the storage system with the
impracticability of the statistical treatment of the data (mainly for studies that require
periods of time higher than six hours a day).

In order to minimize the difficulty in applying these experimental methods in real
context, researchers combine some objective with subjective techniques, which
generally are qualitative such as questionnaires, interviews and direct/indirect activity
observation. Usually, this approach is related also to the interpretation and evaluation
of the comfort or discomfort [11,12,13] that is done through users testimony and the
understanding of the real activity through self-report.

IJmker, et. al. [14] evaluated studies which made a correlation of muscle-skeletal
disorders with the activities of the work with computers between 1967 and 2005. The
authors conclude that many studies prefer to classify the interaction activities through
the estimates from self-report questionnaires of workers than to do a direct evaluation
of these interaction features. [Jmker, et. al. [14] alerts for the need of studies that aims
a better understanding about the computers’ use through objective measures of the
workers’ interaction time with their workstation, namely the use of the main
equipment as the mouse and keyboard.

In this context, the main objective of this study apply a systematic observations of
the activities at the workstation through digital video recording using a methodology
proposed by Rebelo, Filgueiras & Soares [16], to understand the human interaction
with the equipment of an office workstation (e.g. mouse, keyboard, files, paper sheets,
computer, among others) during the activities of reading, writing, data entry and
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navigation and using a computer system for long periods of time and with ecological
validity. This knowledge will allow to: a) understand the origin and incidence of
many work situations and problems; and, b) elaborate more specific recommendations
to the products’ development. However, for this paper we will present only the results
for interaction patterns during the use of a set of specific Interaction Category - IC
[16] (Typing, using the mouse and reading).

2 Methodology

This paper presents a part on a larger study and is based on the observation of a group
of workers with the same work activity type (works with VDT’s), working hours
(eight hours/day), accessing to the same group of equipment and using the same
model of chair, in order to analyze if there are similar patterns of interaction between
users and the devices they use for data entry (mouse and keyboard) and reading
(papers and monitor).

2.1 Study Site and Workstation Properties

Data were collected at the offices of a Portuguese company of food distribution.
Thirty workstations with workers performing the same activity were selected. The
workstations were in an open-space environment and all of them had: a) minimum of
eight hours daily of work; b) similar activities, characterized as office work [15]; c)
same devices (monitor, keyboard, mouse); d) same furniture and equipment (chair,
desktop, cabinets, files, staplers, telephone and calculator); and, e) computers with the
same hardware and software. Printer, fax and scanner are collective.

The company did not have software made specifically to address it needs so workers
use those available in the market. All administrative activities were made using the
pack of software available for all computers (Microsoft® Windows Vista Enterprise
OEM, Microsoft® Office 2003 - with Word, Excel, Explorer, Outlook and Powerpoint -
Internet Explorer and Mozila® FireFox). The computers did not have hard drive and
the software installation was controlled by the main server. Internet Explorer and the
Outlook were rarely used according users report in an informal interview.

2.2 The Subjects and Job Tasks

oThirty office workers (28 female and 2 male) were volunteers in this study
(mean =32 years old, SD=28). The workers were distributed to: Accounting
occupations (n = 8), Fleet Control (n=7), Human Resources Management (n=7) e
Buying/Stock Control (n=38). In an informal interview, none of the volunteers
declared having chronic health problems or special conditions at the workstation. The
data collection order was not influenced by the management section and it was
decided by the participants.

Participants were informed about the study’s objective through a group meeting
and an individual approach in the day before of each video recording. All video
collection was authorized by the participants through a form of consent.

Finally, participants were instructed to perform their tasks as usual and do not
change their work schedule (amount of work using the computer) due to the presence
of the cameras.
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2.3 Recording Procedure and Features

The participants’ interactions with the computer were video recorded on a normal
working day and were assessed using: a) two infrared digital cameras (Swann -
SW233-H2Y 2,5 GHz — color); b) one multiplexer video recorder (Bosch - DVR-8K
with 8 channels 1 TB) and c) one tripod (Philips SBC-5307). All devices’ lights were
turned off or hidden and participants were informed about the placement of all
cameras. However, they did not know the real video recording time.

The digital video cameras turned on automatically and all the workstation was
filmed using two different plans (sagittal and superior) considering the best
visualization of the participant and activity (Fig. 1).

In order to ensure similar interaction times in the workstation and to not interfere
in the workers daily activity, all volunteers were filmed during three days during eight
hours continuously (starting at 8:30 a.m.). After the filming period for each
participant, a quick analysis of the video was done in order to select the best two days,
according the following criteria:

e Longer retention of workers in the workplace (preferred > 6 hours);
e More than 60% of the video was with good visualization of the activities
conditions.

If after the video analysis these criteria were not verified for two days of video, a
fourth day was video recorded.

Fig. 1. Images of the two different plans (sagittal and superior) of the workstation Observations

The data, collected through video using a methodology proposed by Rebelo,
Filgueiras & Soares [16], was analyzed regarding the register of interactions
categories and was done using software developed for this purpose. The videos were
observed and the ICs were classified by two trained observers in different moments.
In this way, two groups of activities were defined: (i) Reading, and (ii) Data Entry and
Navigation. The use of the computer was defined as the time attached to the computer
with the hands (active use of mouse/keyboard or passive resting on mouse/keyboard)
or eyes (viewing the screen).
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2.4 Observations Interaction Categories - IC

Sixteen ICs were classified from the activity observation of real situations and from
similar situations in the literature [17,18]. Table 1 and Table 2 present the codes and

description for ICs “Reading” and “Data Entry/Navigation” groups.

Table 1. Code, IC and description for “Reading” group

Code Interaction Categories Description
. . Head directed to small amount of paper (<15 sheets)
AL R @ B ST O B G Py handling or on the table (i.e. single sheet).
R2 Reading on the screen HF:ad dlregted to the monitor screen without switching
with Reading on paper.
. Head directed to big amount of paper (>15 sheets)
i SO R D0 i 22 handling or on the table (i.e. books, files).
R4 Reading on a specific support Head dlrectefi to -31'ng‘le paper sheets or files (>15
sheets) on a specific support.
RS Reading on the screen and single Head direction switching between small amount of
sheet of paper paper (<15 sheets) and monitor screen
R6 Reading on the screen and sheets of | Head direction switching between big amount of paper
paper on files (>15 sheets) and monitor screen
Head directed to magnetic boards, that is visible
R7 Reading on panels through the images and place in front of the
workstation
RS Others An_y activity that means some kind of specific Reading
which were not anticipated.
Table 2. Code, IC and description for “Data Entry and Navigation” group
Code Interaction Categories Description
DI TR s 0 ek s T M@lpulatlon of writing devices (pen or pencil) and
writing on sheets of paper or others.
. One or two hands are (actively or passively) on the
D2 Typing on PC keyboard keyboard and no hand on the mouse.
D3 Navigation (using mouse) One hand is on the mouse (actively or passively).
D4 Using external calculator One hand is on the calculator (actively or passively).
. One or two hands are (actively or passively) on the
D3 Using PC keyboard and mouse keyboard and sometimes with a hand on the mouse.
. . One or two hands are (actively or passively) on the
D6 Writing and typing keyboard and writing on sheet or others.
D7 Writing and using mouse On.e.hand is on the mouse (actively or passively) and
writing on sheet of paper or others.
DS Others Any activity th.at means some kind of spec_lf_lc Data
Entry and Navigation, which were not anticipated.

As mentioned, the analysis was done using software developed for this purpose. It
allows classifying the IC (through video analysis) in levels. Despite the system
allowing the observation and register of categories in a continuous time, the high
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number of categories for this analysis represents a cognitive overload to the observer
and may contribute to asignificant increase in classification errors. Thus,
classifications of systematic activity sequences were done using samples controlled
by the software (5 seconds of analysis for each 15 seconds of activity). Each one of
these activity sequences represents an “event” which remained in looping (5 seconds)
until all ICs were registered (Fig. 2).

Start Analysis
{Syshormafic thearwalions

#rd Event Sth Event Last Event
{Loap) {Lenagd (Loan)

Fig. 2. Flowchart with the systematic observation stages used for the software

3 Results

A sample of 22800 observations, which corresponds to 760 work hours, was
classified. The results can be seen on Fig. 3 and Fig. 4.

Fig. 3. Results for IC in “Reading” group
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Fig. 4. Results for IC “Data Entry and Navigation” group

The Reading and/or Data Entry and Navigation are in 70.4% of all classifications.
In the ICs of Reading codes, R2 occurs 39.4%, R5 corresponds to 32.3%, R1 occurs
14.7%, R6 occurs 7.50%, R3 5.8%, R7 occurs 0.3% and only 0.01% of all activities
of reading at the workplace do not involve one of these categories (R8). For Data
Entry and Navigation codes, D3 corresponds to 47.0%, D1 represents 11.3%, D2 with
8.2% and D4 corresponds to 0.8% of the registers. The simultaneous use of the
keyboard and the mouse (D5) corresponds to 27.8% of the register, followed by
mousse and writing (D7) with 3.7% and keyboard and writing (D6) with 1.1% of the
registers for the occurrence of combined ICs for the Data Entry and Navigation.

4 Conclusions

The ICs of Reading and Data Input are in the most tasks of the office work. We
verified a high percentage of reading from the monitor (R2 + RS + R6 = 85.5%) in
comparison with the Reading from paper (R1 + R3 + R5 + R6 = 59%), it might mean
the decreasing of the use of paper as information support at modern offices. The large
use of the mouse (D3) was noticed in the most of the ICs (D3 + D5 + D7 = 78.9%)
and all ICs with keyboard corresponds to the half of the interaction with the mouse
(D2 + D5 + D6 =37.1%). The writing represents only 16.4% of the registered
interactions (D1 + D6 + D7 =16.4%). The influence of the mouse on the
physiological damage in office workers with activities of computer assisted drawing -
CAD is already known [19,20,21]. These studies also reveal the high use of this
peripheral in the actual text editors and spread sheets software used at offices. These
data can be related with the increase of the muscle-skeletal problems, which can be
found among workers of traditional offices as found in [jmker et al. [14].
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Although we did not register the specific use of each software while users’
interaction with the mouse and keyboard or only one of them, this study suggests that
the graphical interface design must seek for new strategies and solutions to reduce the
mouse’s need using another peripheral as the keyboard or voice recognition devices;
or, at least, to diminish the amplitude of movement with the mouse during the
interaction with office software.

Finally, this methodology was considered efficient for the proposed objectives and
the findings suggest new challenges for future research. For example, this
methodology can be used to compare if different types of interaction for the same
software can influence the interaction patterns. Usually these data are evaluated
through the observation of the activation of keys, clicks and movements,
independently of the activity and other interactions.
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Foundation (FCT) grants (SFRH/BD/47481/2008).

References

1. Anshel, J.R.: Visual ergonomics in the workplace. AAOHN 55(10), 414-420 (2007)

2. Andries, F., Smulders, P.G.W., Dhondt, S.: The use of computers among the workers in
the European Union and its impact on the quality of work. Behav. Inf. Technol. 21,
441-447 (2002)

3. Hagberg, M., Vilhemsson, R., Wigaeus Tornqvist, E., Toomingas, A.: Incidence of
selfreported reduced productivity owing to musculoskeletal symptoms: association with
workplace and individual factors among computer users. Ergonomics 50(11), 1820-1834
(2007)

4. Eltayeb, S., Staal, J.B., Kennes, J., Lamberts, De Brie, R.A.: Prevalence of complaints of
arm, neck and shoulder among computer office workers and psychometric evaluation of a
riskfactor questionnaire. BMC Musculoskeletal Disorders 8(68), 111 (2007)

5. Uchino, M., Schaumberg, D.A., Dogru, M., Uchino, Y., Fukagawa, K., Shimmura, S.,
Satoh, T., Takebayashi, T., Tsubota, K.: Prevalence of Dry Eye Disease among Japanese
Visual Display Terminal Users. Op. hth almology 115(11), 1982-1988 (2008)

6. Karwowski, W.: International encyclopedia of ergonomics and human factors. CRC Press,
Taylor & Francis (2006)

7. De Bruijn, I., Engels, J.A., van der Gulden, J.W.J.: A simple method to evaluate the
reliability of OWAS observations. Applied Ergonomics (1998)

8. Engstrom, T., Medbo, P.: Data collection and analysis of manual work using video
recording and personal computer techniques. International Journal of Industrial
Ergonomics 19(4), 291-298 (1997)

9. Forsman, M., Hansson, G., Medbo, L., Asterland, P., Engstrom, T.: A method for
evaluation of manual work using synchronised video recordings and physiological
measurements. Applied Ergonomics 33(6), 533-540 (2002)

10. Hendrick, H.-W., Kleiner, B.M.: Macroergonomics: An Introduction to Work System
Design. Human Factors & Ergonomics Society, Santa Monica (2001)

11. Bergqvist, U.: Visual display terminal work-a perspective on long-term changes and
discomforts. International Journal of Industrial Ergonomics 16(3), 201-209 (1995)



48

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E. Filgueiras, F. Rebelo, and F. Moreira da Silva

Fenety, A., Walker, J.M.: Short-Term Effects of Workstation Exercises on
Musculoskeletal Discomfort and Postural Changes in Seated Video Display Unit Workers.
Physical Therapy (2002)

Straker, L., Pollock, C., Mangharam, J.: The effect of shoulder posture on performance,
discomfort and muscle fatigue whilst working on a visual display unit. International
Journal of Industrial Ergonomics 20(1), 1-10 (1997)

IJmker, S., Huysmans, M., Blatter, B., van der Beek, A., van Mechelen, W., Bongers, P.:
Should office workers spend fewer hours at their computer? A systematic review of the
literature. British Medical Journal (2006)

Kroemer, K.H.E., Kroemer, A.D.: Office ergonomics. Taylor and Francis, New York
(2001)

Rebelo, F., Filgueiras, E., Soares, M.: Behavior Video: A Methodology and Tool to
Measure Human Behavior; Examples in Product Evaluation. In: Karwowski, W., Soares,
M.M., Stanton, N.A. (eds.) Human Factors and Ergonomics in Consumer Product Design:
Methods and Techniques, p. 320. CRC Press - Taylor & Francis (2011)

Burandt, U., Grandjean, E.: Sitting habits of office employees. Ergonomics 6(2), 217-228
(1963); Khalid, H.: Modelling and analysis of CAD expert behaviour in using manual
input devices. International Journal of Industrial Ergonomics (2001); Lee, D. L., McLoone,
H., Dennerlein, J. T.: Observed finger behaviour during computer mouse use. Applied
Ergonomics 39(1), 107-113 (2008)

Grandjean, E., Hiinting, W.: Ergonomics of posture: Review of various problems of
standing and sitting posture. Applied Ergonomics 8(3), 135-140 (1977)

Lee, Y., Su, M.: Design and validation of a desk-free and posture-independent input
device. Applied Ergonomics 39, 399-406 (2007)

Lee, D.L., McLoone, H., Dennerlein, J.T.: Observed finger behaviour during computer
mouse use. Applied Ergonomics 39(1) (2008)

Khalid, H.: Modelling and analysis of CAD expert behaviour in using manual input
devices. International Journal of Industrial Ergonomics (2001)



Preventive and Pro-active Ergonomics Influence on
Maintenance Excellence Level

Malgorzata Jasiulewicz-Kaczmarek' and Przemyslaw Drozyner”

! Poznan University of Technology, Faculty of Management Engineering
11Strzelecka Str, 60-965 Poznan, Poland
Malgorzata.jasiulewicz-kaczmarek@put.poznan.pl
% University of Warmia and Mazury in Olsztyn, Faculty of Technical Sciences
12 Oczapowskiego Str, 10-719 Olsztyn, Poland
Przemyslaw.drozyner@uwm.edu.pl

Abstract. The equipment maintenance is an indispensable function in a
manufacturing enterprise [1]. The role of maintenance is to reduce business
risks in a cost effective manner. Thus achieving excellence in maintenance
issues has to be treated as a strategic issue for manufacturing organizations to
create world-class-manufacturers (WCM) [2]. In the following papers, the
examples of activities realized to achieve excellence in maintenance area in two
large companies working in food industry, especially in terms of their
ergonomics, safety and employees’ health.

Keywords: maintenance excellence, ergonomics, safety, health of employees.

1 Introduction

Maintenance, similarly to other areas of a company, is under continuous pressure of
decreasing costs, proving achievements and supporting organization’s mission. From
a company’s points of view, these expectations are logical, as a supportive process,
maintenance plays an important role in its functioning and in the same time supports
implementation of such concepts like lean manufacturing, just-in-time, total quality
control and six-sigma program. That is why, from several years companies take more
and more interest in implementation of the Japanese improvement approach called
Total Productive Maintenance and defined by Seiichi Nakajima in the seventies of the
twentieth century. TPM is an approach to management which involves all the
employees in providing continuous production by team work in eliminating losses by
focusing on customers’ requirements and making profits. In TPM, operators perform
basic equipment repairs and team of maintenance staff re-design and reconfigure
equipment to make it more reliable and easier to maintain. Ensuring equipment
reliability, preventing human terror, and eliminating accidents are the basic tenets of
TPM [6]. TPM is not a universal tool, suitable for each company. A company has to
develop its own plan, which includes requirements and problems characteristics for

M.M. Robertson (Ed.): Ergonomics and Health Aspects, HCTI 2011, LNCS 6779, pp. 49{58]2011.
© Springer-Verlag Berlin Heidelberg 2011
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their processes, branch, production methods and type and condition of resources [5].
This is why in business practices both, classic approach to TPM, promoted by
Japanese Institute of Plant Maintenance, and models realized according to World
Class Manufacturing strategy are used. Disregarding the model organization has
decided to choose, the common feature of initiatives taken by a company to achieve
maintenance excellence is managers involvement, team work, hazards prevention,
work methods improvement, work environment improvement and trainings and
workshops for technical staff, to increase their competences (knowledge and skills) in
techniques, safety, health and ergonomics.

2 Examples of Activities Taken by the Companies Analyzed

2.1 A Case Study - Poznan Brewery

Poznan Brewery with Tychy Brewery and Bialystok Brewery together create
Kompania Piwowarska S.A. (Brewery Campaign) — a company which is the leader in
polish brewery market and a part of the SABMiller group, the second beer producer in
the world. The brands produced by the Kampania Piwowarska include: TYSKIE
(Polish most favourite beer), ZUBR (the second best sold brand in Poland), LECH,
Debowe Mocne, Pilsner Urquell, Redd's, Grolsch, Miller Genuine Draft and Peroni
Nastro Azzurro. It is the largest producer of beer in Poland and its modern technology
and strict principles of performing manufacturing processes (World Class
Manufacturing) guarantee the highest quality of its products. World Class
Manufacturing idea was launched in 2000 after decision concerning TPM
implementation was made. Continuation and consequence of these decisions is an
innovative WCM program started in 2007 and called in SABMiller “Manufacturing
Way” (fig.1).

All the elements of the model are connected and related creating a system guaranteeing
continuous and repeatable realization of the best practices and continuous improvement.
General characteristics of the “5S & ergonomics” pillars are presented in the table 1.

Table 1. Characteristics of the “5S & ergonomics” pillar

Pillar | Description

General: the pillar is to change the way of thinking about the work performance. It
encourages people to feel personally responsible for safety and provides them with
tools enabling realization of such approach. To make their actions fully efficient,
employees should be encouraged to use the methods and techniques, they have to
believe they can use them and prove the tools are efficient.

Relation with maintenance processes:

integration of technical capabilities of the maintenance department and interpersonal
capabilities and Basic knowledge on ergonomics resulting in improved efficiency of
Communications and safety of service processes

5S & ergonomics
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VISION: TO BE THE MOSTADMIRED COMPANY IN THE GLOBAL BEER INDUSTRY

Supporting Principles
> - Three tier operational team structures (Strategic/Systemic/Situationa ).
3 - Multiple team based structure supported by performance management process
E - Focused business units and process areas
[ - Self sufficient operational teams with clear accountability at all organisational levels
2 |- Asset Care Quality Control and Problem Solving at Source
= o - Well educated employees that have been suitably skilled to perform a “whole” jok
= 'g - Removal of mundane / unskilled jobs
E‘ @ |- Standardised jobs titles and role descriptions to aid in transfer of knowledge and
E o collaboratior
é - Existing business initiatives are foundational ( € Performance Management).
v >
3 £ | ,Core to our culture and our ways of working performance management is how we
S 'é manage the performance of teams and individuals against goals through persona
’g o accountability which drive execution of the business strategy in a way that shapes a
g0 high-performance high-engagement culture and ensures sustainable business
SE performance”
©
E FUNDAMENTAL PRACIS
% € | 1. §S & Ergonomics 7. Quality Management
| = E | 2. Teamwork . o
x| 52 8. Manufacturing Flexibility
g2 =9 3. Performance Measurement
@ | 5 a & Control 8. Health & Safety Management
| =8 4. Focused Improvement
= ° . 10. Leading & Managing Change
= [ §. Autonomous Maintenance
=2 o
e 6. Asset Management 11. Environmental Management

Fig. 1. “Manufacturing Way” — Model WCM SUBMiller

The tool enabling assessment of advance and improvement is ,,Self-Assessment
Checklist”, in which for every pillar (from the 1% to the 11™) the themes of assessment
have been defined. Each of the themes is analyzed with respect to the level of
fulfilling the predefined criteria and the level of excellence of practices realized is
assessed. In the organization five levels of excellence have been defined with the
lowest: basic — 1 to the highest: innovation — 5. Requirements are assessed in a very
simple way: Yes / No (as presented in the table 2).

The final assessment of each mode is a sum of results obtained in each of the eleven
pillars. “Manufacturing Way” project is supported with numerous trainings, and their
efficiency is assessed with, among others, number of improvements suggested by
employees and implemented. The examples of initiatives developed by operators and
employees of maintenance department and realized in the company are presented in the
figure below. “Ideas Campaign” on the other is a project developed in Poznan Brewery
and striving for higher motivation of employees by promoting operational excellence,
exceptional involvement and achievements. The program is organized by the Production
Development Department. Each employee can present an idea individually or with a team.
Criteria taken into consideration when giving rewards are the following: costs decreasing,
efficiency improvement (of processes, time or work organization), ability to use and
implement solutions suggested in other locations of Brewery, products and services
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Table 2. Example of assessment schemes: Theme ,,Strategy”

Example of characteristics to be assessed

Awareness

All team members have undergone practical 5S training,
emphasizing 'making work easier' through basic ergonomics
such as MODAPTS (Modular Arrangement of Predetermined
Time Standards).

Relevant links, interfaces and /or integration with other work
practices are clearly articulated & understood (e.g. Autonomous
Maintenance. Safety-Health-Environment (SHE)

Foundation

The 5S master plan has been reviewed and refined to focus
more extensively on equipment cleaning and equipment
condition. e. g. integration with Autonomous Maintenance.
There is evidence that basic ergonomic concepts (e. g MODAPTS)
have been applied to 5S improvement projects.

Development

The 5S master plan has been reviewed and refined to focus on
causes of dirt; causes of wasteful motion or ergonomics; causes
of difficult cleaning conditions; causes of cleaning requirements
Defined methods and procedures exist to identify ways to ensure
equipment. files and supplies are up to date and ready for use.

Theme Stage
2
3
g
£
g
<
2| & |4
w
n
5

Innovation

The 5S master plan has been reviewed and refined to eliminate
causes of dirt; causes of wasteful motion or ergonomics; causes
of difficult cleaning conditions; causes of cleaning requirements
There is evidence of an ongoing review of safety, health and
environmental date for identification of potential ergonomic
projects

quality improvement, safety and hygiene of work level improvement, environmental
issues improvement, operational excellence and/or exceptional involvement and/or
extraordinary achievements and other, bringing benefits to the company.

Employees of Techniques Department and Maintenance Department actively take
part in the program presenting their own ideas and realizing ideas of employees of
other departments (fig. 2).

Fig. 2. Improvements in bottling line: a), washing and disinfection liquids preparation (before
and after changes implementation), b) set-up, c) tools availability (a key regulating height)
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Fig. 2. (Continued)

2.2 A Case Study - Unilever Polska S.A

Unilever products are chosen every day by 2 billion consumer. Unilever Polska
Sp.z.o.0. is a leader of the Polish market of cooking products, including soups, fixes,
instant dishes etc, as well as margarines, teas, ice-creams, cleaning products and hair-
care products. To meet requirements of Polish consumers, four facilities strive for
reaching planned capacity and production level (Banino — producing ice-cream,
Bydgoszcz — chemical products, Poznan and Katowice — foods and teas) with over
3000 people employed. .

Improvement strategy TPM, which has been realized in the company (the
organization was awarded with the Award of Excellence by JIPM), is based team
work and 5S practices. They are the base for nine pillars including: Autonomous
maintenance (AM); Focused Improvement (FI); Planned Maintenance (PM); Quality
Maintenance (QM); Safety, health and environmental (SHE); Training & education
(T&E); TPM in support departments (TPM in SD); Early equipment management
(EEM); Customers service (CS).

Preventing incidents and accidents

‘ Training and Education \ Building safe and friendly work
environment

by:

TPM Activities . . 5

A Reliable and safe machines ‘ 5
N o=
‘ Autonomous maintenance % Eliminating anomalies and ‘ N
Q0 @
‘ Focused improvement } problems 3
- Maintain reliably ‘ ‘(<-, S
‘ Planned maintenance } 9 'g
- Employees’ competences 83
‘ Early equipment management development Qo
QO
- @

D

o

°

)

Fig. 3. TPM Activities and safety. Adapted from [6].
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The main goal is achieving “zero” culture, which is in this case “zero failures”,
“zero complaints”, “zero accidents”, “zero losses” and “zero problems with quality”.
Each of the pillars listed above contribute to achieving the ,,zero” goal, f.ex. through
application of 5S principles eliminates leaks and spills and makes workplaces clean,
tidy, and well-organized, autonomous maintenance and focused improvements
eliminate unsafe areas (fig. 3).

“Autonomous maintenance” pillar includes the following issues: team work
(operator, mechanic and electrician together take care for machines and other devices
to produce high quality products at reasonable costs), bringing optimal work
conditions back (installations without defects, easily conservable, clean, operating
according to technological and quality specifications), maintain optimal work
conditions (systematic inspections, cleaning, planned lubrications). As a result of
involving employees in improvement action, a system of initiatives development
“Kaizen” has been developed. Participation of employees in work environment

a)

SPEEDY KAIZEN Regulation of the device “X*

Problem and measurable losses: Causes for the problem

 Construction of the device
makes regulation of the screw
practically impossible

2 Location of the screw is
difficult to reach and
dangerous because of the
heat

No opportunity of checking the
screw fitting the device in the
front no opportunity to
regulate it Operation is time-
consuming and dangerous

It is necessary to make the
pins longer so that they
reached the fitting area
Before the change regulatior
took 2C after 8minutes only

Verification positive

Verification of the causes

Fig.4. Examples of improvements through “Autonomous maintenance™: a) “Speedy Kaizen”,
b) Improvement of Hard-to-access areas. Packing machine — Horizontal deployment,
c¢) Transparent covers
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Fig.4. (Continued)

improvement is especially valuable as employees know the problems connected with
their work best, and being well prepared (thanks to trainings realized as a part of the
Training & Education pillar) they can, and want deal with them. The solutions and
improvements suggested by employees are realized, depending on their range,
realization time and investments required, with such tools as so called “Sheet
success”, “Speedy kaizen” or “Big kaizen”. Examples of “Kaizen” activities are
presented in the figure below (fig.4).

In TPM, SHE pillar is the most important one. In this area focus is on to create a safe
workplace and a surrounding area that is not damaged by their process or procedures. This
pillar will play an active role in each of the other pillars on a regular basis. The aim is to
achieve zero accidents. Two factors help people acquire a zero accident — daily practice as
part of workplace and strong, visible companywide support.

The idea of SHE pillar developed in the organization is based on the assumption of
parallel improvement of two areas (as presented in the figure below): operators’ and
technical staff’s technical culture (referred to as a safe work environment —“7 steps”
program) and safety culture (referred to as shaping quality through trainings, observation
and workstations monitoring — currently realized with “SHE Champions program”(fig. 5)

”
»Health and safety »SHE” PILLAR
of our employees OUTCOMES
remains — ,SEVEN STEPS” - technical aspect  * _ following legal requirements

apriorityandwe __p
are also improving __p "/ NG
their well-being —p ,SHE CHAMPIONS” - human aspeci

in the workplace”  4

- ergonomic and safe work
“_y environment
- human well - being

Fig.5. Model of the “SHE” pillar
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She Champions program is a continuation of the two programs, realized from 2000
till 2009: “Safety month” and “I am your Archangel”, which were striving towards
building knowledge and awareness among employees, shaping proper and correct
behavior and elimination of dangerous activities by using so called “library model”
(as presented in the fig. 6)

health of my
colleagues

Natural

Instincts
=
= | work safely
Es because | care for |nc§erder_)entt_2|ent
= my health I work safely rganisation
® because | care for
3 my health and “Library model”
8
<

TEAM

I
|
i
i .y

>
nvolvement and commitmeni

Fig. 6. Safety culture development model. Source: [4]

The goals of the launched in 2010 “SHE Champions” program are the following:

— Identification of safe and risky behavior at workplaces;

— Reaction to improper/ risky behavior (information concerning proper and
improper behavior is each time given to the employee operating the workstation
analyzed),

— Elimination of risky behavior.

Planning, realization and assessment of activities included in the ,SHE
Champions” program follows the scheme presented in the figure 7 below.

ob\geerszlt&i/on Workstations ‘Chservation checklist’ Giving feedback information
schedule | ™ observation | ™1 filing in and putting it —»| to the employees working at
development to the “yellow box the analyzed workstation
Assessment of Analysis of information included in the l;ru ;;n?hghsoglsfzrrr\}w;itloonn
efficiency of actions f«— “observation checklist initiation - PR
) . ) checklist” into respondent
taken of corrective and preventive actions databases

Fig. 7. Planning, realization and assessment of behavior at workplaces

The program is realized for All the Workstation of the organization and the assessment
is performed by trained observers. Each of the observers has been trained behavioral
observation by internal safety and hygiene of work staff supported by external experts,
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based on Du Pont system. The training included theoretical issues and practical skills
training performer at workstations. The observers are operators as well as top managers
(f.ex. CEO is the observer and is obliged to make one observation a week). Top managers
commitment, both in trainings and observations, proves their positive attitude and stresses
the importance of project proving priority of safety issues in corporate strategy.

Workstations observations take generally 15 to 30 minutes, depending on SHE
Champion’s experience. Workstations observations take generally 15 to 30 minutes,
depending on SHE Champion’s experience. The tools used during observation include
checklists developed by internal safety and hygiene of work staff. After observation is
finished, there are meetings organized to analyze observation cards and opportunities of
changes implementation. Many employees are interested in participation in the program
and taking the role of the SHE Champion and increased number of Kaizen initiatives is
observed and implemented.
Authors notes

“DuPont System” is a program of courses and interactive training Safety Training
Observation Program (STOPTM), which strive for “zero injuries” and ,zero
incidents”[6]. It is top-down and job-focused interactive approach that helps
employees to think about safety, allowing it to become fully integrated into what they
do every day. The goal is to develop a culture of anticipation by focusing on behavior.

The program of courses and training includes, among others, the following modes:

— STOP™ For Supervision focuses on: regular spontaneous safety observations

and frequent scheduled safety observations; everyday safety as well as observing;
Conditions as well as actions of people, safe and unsafe; communication about safety
every day, not just while observing, an educational approach
—  STOP™ For Each Other focuses on: everyday safety — not just auditing, safety
of co-workers, conditions as well as actions, peer-to-peer communication, an
educational approach,
— STOP™ For Ergonomics focuses on: hazard awareness; risk identification
(observing for ergonomic risk factors: static posture, awkward posture; forceful
exertions; repetitive motion; contact stress; and vibration; injury prevention
(preventing injuries related to musculoskeletal disorders (MSDs) and the suffering
they cause; an educational approach.

The tool suggested to be used when making observation is Safety Observation
Card, on which observers put their remarks and conclusions referring, among others,
to: reaction of people (adjusting personal protective equipment, changing position,
rearranging job, stopping job, attaching grounds, performing lock), personal
protective equipment (head, eyes and face, ears, arms and hands, legs and feet, trunk,
respiratory system), positions of people, tools and equipment

3 Summary

Human mistakes emerging from lack of knowledge, improper work conditions and
improper tools use, during service operations (set-ups, conservation, repairs etc) and
during its work, can cause threats for both operators and other employees who stay in
its neighborhood. Thus, it is necessary to build employees’ awareness and promote
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good practices in the area of safety culture. Implementation of safety procedures and
safe work systems should be supported with activities striving towards safe behavior
shaping, trainings and spreading useful information. System approach to safety issues
with special reference to employees’ and managers’ participation is one of the well
known ways for safety culture creating and including ergonomics in everyday
activities. These elements are part of practices used in both facilities.
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Abstract. This study examines the effects of spatial characteristics of meeting
rooms on the divergent phase in the creativity process of a group and on the
mood states arousal and psychological safety. Thirty participants (12 male and
18 female) were randomly allocated to 10 mixed-gender three-person groups.
They performed two creativity tasks in three different rooms: neutral, with high
arousal and with high psychological safety. Overall impression of the meeting
room interiors, psychological safety, arousal and creative performance were
measured with questionnaires. HRV was used as physiological measure. Results
showed that physical space affected arousal and the impression of the meeting
rooms. HRV appeared to be a good predictor for arousal. A relation was found
between HRV and idea originality. An interaction effect between meeting room
interior and task was found. It may be concluded that the meeting room interior
has to be adapted to the type of creativity task to gain optimal results.

Keywords: New ways of working, meeting room, innovation spaces, team
performance, creativity, mood, arousal, psychological safety, heart rate
variability.

1 Introduction

As a part of the transition to new ways of working (NWW) organizations increasingly
support innovation and creativity. Organizations need to create and commercialize
new ideas and they need to spread and use innovations in order to remain competitive.
For this purpose, creative teams and employees are needed who meet daily challenges
related to the organization’s products and services or related to the processes,
procedures and work methods [1], [2].

A growing interest in innovation spaces (also known as innovation laboratories,
future centers, etc.) has emerged recently. These environments reflect the
organizations’ strategic intentions towards innovation and provide a physical
embodiment of their desired modes of working. The common goal of these spaces is
to provide flexible and innovative environments, in which new business strategies
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could be developed in a fun, dynamic, rapid and novel way, and independent from the
normal working environment. The physical design of these spaces is central to its
functionality, emphasizing dislocation form day-to-day activity, eliminating hierarchy
and encouraging participation. The physical settings are dedicated to support
creativity and innovation. The spaces are often equipped with multimedia and ICT
tools for group working. The flexibility of the environment is very important and it is
assumed that e.g. architecture, lay-out, colors and lighting have a crucial influence on
the participants’ behavior. Facilitators use the physical features of these spaces to
influence the creative processes [2], [3].

The present study is a first step in developing a meeting support system which
assesses the creative group process and provides facilitators and practitioners with
feedback on how to use and manipulate the physical features of the space in order to
enhance creative processes and support innovation. Before such a system can be
developed, there is a need for greater clarity on the characteristics of such spaces and
how they actually support creativity or innovation. It appears that these innovation
spaces are created based on instincts, visions and beliefs rather than on firm evidence.
Only recently some studies have surfaced that specifically address the influence of the
physical workspace on creativity, e.g. [2], [3], [4], [5]. There is still little empirical
evidence of their benefits or of the wider implications of the design of the workspace
on innovation.

Although little research addresses the relationship of physical space and creative
achievement directly, clear linkages can be made from diverse disciplines. Much
research addresses the context of creativity and the psychological and social
environment [5]. For example, research shows relationships between mood or team
cohesion and creativity as well as relationships between interior spaces and mood or
team cohesion, [6]. Similarly, many studies show that the physical components of an
office influence team performance and environmental satisfaction [5], for instance,
the effect of colors, furniture arrangement and office lighting on performance and
psychological mood of individuals [6] [7], [8]. Therefore, it is hypothesized that
spatial effects work out through mediating factors such as team cohesion or mood
state.

The goal of this study is to further examine the effects of spatial characteristics on
creativity and innovation, by way of the mediating factor mood state. More
specifically, we will focus on the divergent phase in the creativity process of a group
as the first step of innovation and on the mood states arousal and psychological safety.

The research question of this paper is
What are the effects of a neutral, psychologically safe and high arousal level
room on creativity in the divergent phase?

We propose that the effects of physical space on creativity are mediated by
worker’s mood state. More specifically, we are interested to see whether it is possible
to induce two distinct mood states: arousal (or excited state) and safety (or relaxed
state). Both mood states can be described as positive moods, although arousal can be
seen as an activating whereas safety can be seen as a deactivating mood state.
Furthermore, we are interested in the effects on the creativity of groups. We expect
that arousal will be related to greater creativity than safety. To identify possible
measurement systems that may predict outcomes of the creative process during the
creative process we will use Hart Rate Variability (HRV).
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2 Methods

2.1 Participants and Design

Thirty participants (12 male and 18 female) were randomly allocated to 10 mixed-
gender three-person groups. Each participant signed for informed consent. Their age
ranged from 19 to 62 years (M = 28.2, SD = 11.1). Participants were paid €45 for
their contribution in the experiment. Furthermore, the best performing group was held
out the prospect of an extra bonus of € 90,- to enhance motivation, create goal
interdependency, and stimulate groups to perform at their best. None of the group
members knew each other prior to the experiment.

The design was a 3 x 2 factorial, with psychological moods (neutral, excited/aroused,
at ease/safe) and task type (simple, complex) as within-groups factors. The sequence of
the levels was counterbalanced for all teams, but since order had no effects whatsoever
it is not discussed further.

2.2 Independent Variables

Psychological moods were induced through three different physical meeting spaces.
The design of these spaces was based on a pilot study with 60 participants, which was
set up to identify spatial characteristics resulting in high psychological safety and high
arousal [9]. The participants had to rate to which degree various physical dimensions
contributed to their moods: feel at ease or activated, cf. [10]. These dimensions were:
color (e.g., blue, red), lighting (e.g., soft, warm), materials used (e.g., wood, steel),
sitting arrangement (e.g., round table, no table in the middle), furniture (e.g., sofa’s,
chairs). Also interior elements for a neutral meeting space (as control) were indicated.

Figure 1 shows the ‘Green Room’, designed to make people at ease. Characteristics
of this room were: green colors, armchairs placed in a circle with a low round table,
wooden materials, a poster showing a natural environment, curtains, table lamps and
candles to create a domestic atmosphere and dimmed lighting. Figure 2 shows the
‘Red Room’, designed to activate people. Characteristics of this room were: warm,
red colors, stand stool elements placed in a circle, a poster with an illustration of
complex figures (fractals) and bright lighting. Figure 3 shows the ‘Blue Room’,
designed to serve as control. This room has a lot of elements that resemble a
traditional meeting room, such as office chairs in a U-shape with a square table in the
middle, blue, grey and white as dominant colors, plastic materials and the illumination
level of this room was between bright and dim.

To be able to study the effects of meeting space induced psychological moods on
creativity, two tasks (association and problem solving) and three topics (soccer,
politics and traffic-jams) were presented. The order in which topics were presented to
participants was counterbalanced across experimental mood conditions. The two tasks
for each topic were presented in the same order. Participants were given a short break
after the second task and then were led to the following room.

For all of the tasks, participants had to, as a group, find creative solutions to a
framed problem. Groups had 10 minutes for the simple association tasks and 15
minutes for the more complex problem solving tasks to reach consensus on solutions
proposed by members and to come up with as many creative solutions as possible. An
experimenter was present in the room to write down the solutions on a flip-over but
did not actively participate in the session.
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Fig. 1. ‘Green room’, feel at ease/ high psychological safety

Fig. 2. ‘Red room’, activating/ high arousal

Fig. 3. ‘Blue room’, neutral
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2.3 Dependent Variables

The overall impression of the meeting room interiors was measured with an adapted
version of the Semantic Environment Description Method (SEDM; [11]). In our
study, we reduced the questionnaire to four of the eight qualities, i.e.: Pleasantness,
Originality, Social status and Complexity. The 20 adjectives that belong to these
qualities were rated on a 7-point scale (ranging from 1 slightly suitable to interior, to
7 very suitable for the interior).

A psychological safety questionnaire was used, based on a questionnaire originally
developed by Edmondson (1999) [12]. The questionnaire contained items concerning
the perception of influence each team members has on the team and whether the team
climate was open for suggestion from each individual team member. All items were
measured on seven-point Likert scales. An example question is ‘No one in this team
would deliberately act in a way that undermines my efforts’ (5 items, Cronbach’s o =
.61).

Arousal was measured with the Self-Assessment Manikin (SAM) [13]. The SAM
is a visual method to measure the degree to which a stimulus provokes pleasure,
arousal, and dominance in the participant. Reactions were recorded on a five-point
scale only for arousal.

Creative performance was indicated by Fluency (the number of ideas) (cf. [14]),
Originality and Quality of the solutions [15]. The Originality and Quality of the
solutions to the problems were rated by a trained rater on a seven-point Likert-type
scale. Originality was defined as novelty of the solution (unique approach to the
problem), level of imagination (imaginative or humorous approach to the problem),
and structure (whether the solution is limited by the structure of the problem or
reflects thinking outside the box). Quality was defined as completeness of the solution
(is the solution complete and does the solution address multiple issues raised by the
problem) and effectiveness (is the solution viable, feasible, practical, appropriate, or
legal/ethical).

By measuring physiological parameters we try to find a measurement system
which is able to predict creativity during a brainstorm session. For this purpose we
used Heart Rate Variability (HRV), because it has shown to be responsive to changes
in psychological state, like mental load and emotional stress [16]. The Equivital
(Hidalgo limited, model EQ-01-021) was used to measure the ECG during the
experiment continuously. The Root-Mean-Square of Successive inter beat interval
Differences (RMSSD) were calculated using Matlab algorithms (Mathworks. Inc. V
2006b).

3 Results

3.1 Manipulation Check

Figure 4 shows the results for the SEDM questionnaire. ANOVA repeated measures
indicated significant differences between the interiors for all investigated factors:
pleasantness (F 4.522, p=.016), complexity (F=53.055, p=.000), social state (F=4.813,
p=-012), and originality (F=40.253, p=.000). Bonferonni post-hoc test showed that the
‘Green Room’ was rated higher on pleasantness than the ‘Blue Room’ (p<.01). On
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Fig. 4. SEDM factor scores on four factors

complexity, the ‘Red Room’ scored higher than the ‘Green Room’ (p<.01) and the
‘Green Room’ scored higher than the ‘Blue Room’ (p<.01). The ‘Green Room’ was
rated significantly higher on social state than the ‘Blue Room’ (p<.01). For
originality, both the 'Red Room’ and ‘Green Room’ were judged higher than the
standard interior (p<.01).

A Friedman rank order test was performed to see whether differences exist
between the rooms for arousal (SAM) and psychological safety. The ‘Red Room’
showed a significant higher rating on SAM than the other rooms (Chi square 7.29,
p=-026). No significant differences were found between the rooms for psychological
safety measured by the psychological safety questionnaire.

3.2 Creativity

Creativity was analyzed using ANOVA repeated measures. The fluency did not differ
between the three interiors. Furthermore, no differences were found between the
tasks. However, a significant interaction effect of interiors * types of tasks exist for
fluency (p=.05) (Figure 5).

No differences were found between the interiors or tasks for originality and quality
of the ideas. In addition, no interaction effects were found.

The average HRV was calculated for each team, during each task for each interior.
A significant difference was found between the three interiors for HRV. Bonferonni
post-hoc test revealed that the HRV was significantly lower in the red “high arousal”
interior compared to the blue standard interior (Figure 6). No differences were found
between tasks. There was no interaction effect of interiors * tasks for HRV.
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HRV showed to have a negative relationship with arousal (beta -0.59), no
relationship with psychological safety was found. Furthermore, for creativity, a
decrease in HRV is associated with an increase in idea originality (beta -0.48), while
no relationships were found for fluency and quality of ideas.

4 Discussion and Conclusion

We proposed that the effects of physical space on creativity are mediated by worker’s
mood state. It may be concluded that we succeeded in our attempt to induce mood
states by meeting room interior design. The experiment showed that the physical
space affected the participant’s impression of the meeting room interiors. For mood
states, participants were aroused more in the red “high arousal” interior. No
differences were found for psychological safety.

The arousal effect was found in the questionnaire as well as in the HRV
measurements. HRV appeared to be a good predictor for arousal, which is consistent
with other studies [16]. In addition, a relation was found between HRV and idea
originality. It may be concluded that, if you look for original ideas in a session, it is a
good sign when the HRV is low, which is a sign for high arousal.

No direct effects were found between the meeting room interiors on creativity.
This could have been caused by the design of the neutral interior (blue room), which
contained a lot of blue (chairs, floor). According to the study of Ceylan et al. (2008)
[10] who found that interiors with cool colors offer more creativity potential, this
interior may have been not so neutral after all. However, an interaction effect between
meeting room interior and task was found. It may be concluded that the meeting room
interior has to be adapted to the type of creativity task to gain optimal results, which
say much for a flexible interior.

The experiment indicates that meeting room interiors differ in terms of creativity
potential. Furthermore, the results seem to support the idea that effects of spatial
characteristics on creativity and innovation work through mediating factors like mood
state. However, before we are able to define design principles for meeting room
interiors to foster creativity, more research is needed. Future research may focus on
the relationship between the specific physical characteristics and creativity. Also
individual characteristics such as personality traits may be included.

Acknowledgments. The authors wish to thank Ahrend and Dialogues House for
supporting this research.

References

1. Dul, J., Ceylan, C., Hendriks, H.: A practical instrument to measure the creativity potential
of the work environment. In: Proceedings of the 10th European Conference on Creativity
and Innovation, Copenhagen, Denmark, October 14-17 (2007)

2. Moultrie, J., Nilsson, M., Dissel, M., Haner, U., Janssen, S., van der Lugt, R.: Innovation
spaces: towards a framework for understanding the role of the physical environment in
innovation. Creativity and Innovation Management 16(1), 53-65 (2007)



Effects of Meeting Room Interior Design on Team Performance in a Creativity Task 67

10.

11.

12.

13.

14.

15.

16.

. Lewis, M., Moultrie, J.: The organizational innovation laboratory. Creativity and

innovation management 14(1), 73-83 (2005)

. Haner, U.: Spaces for creativity and innovation in two established organizations. Creativity

and innovation management 14(3), 288-298 (2005)

. McCoy, J.M.: Linking the physical work environment to creative context. Journal of

Creative Behavior 39, 169-190 (2005)

. Kiiller, R., Mikellides, B., Janssens, J.: Color, arousal, and performance - a comparison of

three experiments. Color Research & Application 34(2), 141-152 (2009)

. Klitzman, S., Stellman, J.M.: The impact of the physical environment on the psychological

well-being of office workers. Social Science and Medicine 29, 733-742 (1989)

. Knez, 1., Enmarker, I.: Effects of office lighting on mood and cognitive performance and a

gender effect in work-related judgment. Environment and Behavior 30, 553-567 (1998)

. Kuijt-Evers, L.F.M., Van der Kleij, R., De Korte, E.M.: Spatial characteristics of interior

spaces characterized by high psychological safety or high arousal level (unpublished data)
Ceylan, C., Dul, J., Aytac, S.: Can the office environment stimulate a manager’s creativity?
Human Factors and Ergonomics in Manufacturing 18(11), 1-14 (2008)

Bodil, S.A., Karlsson, N.A., Svensson, K.A.: Using semantic environment description as a
tool to evaluate car interiors. Ergonomics 46, 1408-1422 (2003)

Edmondson, A.: Psychological safety and learning behavior in work teams. Administrative
Science Quarterly 44, 350-383 (1999)

Lang, P.J.: Behavioral treatment and bio-behavioral assessment: computer applications. In:
Sidowski, J.B., Johnson, J.H., Williams, T.A. (eds.) Technology in Mental Health Care
Delivery Systems, pp. 119—137. Ablex, Norwood (1980); Mehrabian, A., Russell, J.A.: An
approach to environmental psychology. The MIT Press, Boston (1974)

De Dreu, C.K.W., Baas, M., Nijstad, B.A.: Hedonic tone and activation in the mood —
creativity link: Towards a Dual Pathway to Creativity model. Journal of Personality and
Social Psychology 94, 739-756 (2008)

Runco, M., Illies, J.J., Reiter-Ralmon: Explicit instructions to be creative and original — a
comparison of strategies and criteria as targets with three types of divergent thinking tests.
The Korean Journal of Thinking and Problem Solving 15(1), 5-15 (2005)

Goedhart, A.D., Van der Sluis, S., Houtveen, J.V., Willemsen, G., De Geus, E.J.C.
Comparison of time and frequency domain measures of RSA in ambulatory recordings.
Psychophysiology 44, 203-215 (2007)



LED Office Lighting to Promote Performance and
Well-Being

Katrin Moellerl, Vincent Grote™? , Katharina Keller4, Dieter Lorenzs,
Maximilian Moser*>* , and Tran Quoc Khanh®

! Kompetenzzentrum Licht GmbH, Dr.-Anton-Schneider-Str. 2T6,
6850 Dornbirn, Austria
k.moeller@k-licht.at
2 HUMAN RESEARCH, Institute for Health Technology and Prevention Research,
Franz-Pichler-Strasse 30, 8160 Weiz, Austria
vincent.grote@humanresearch.at
* Medical University Graz, Institute of Physiology, Harrachgasse 21/V, 8010 Graz, Austria
max.moser@medunigraz.at
4 Zumtobel Lighting GmbH, Schweizer Str. 30, 6851 Dornbirn, Austria
katharina.keller@zumtobel.com
> University of Applied Sciences Giessen, Arbeitswissenschaft, Wiesenstr. 14,
35390 Giessen, Germany
dieter.lorenz@suk.th-mittelhessen.de
6 Technische Universtit Darmstadt, Lichttechnik, Hochschulstr. 4a,
64289 Darmstadt, Germany
khanh@lichttechnik.tu-darmstadt.de

Abstract. This paper aims to introduce a research project to investigate and
compare the effect of dynamic lighting on people for different light sources in
an office setting. Basic differences of short term effects on human between
static and dynamic lighting as well as light-emitting diodes (LED) and
fluorescent lamps will be investigated in a laboratory study. Two identical
rooms will be set up, with the light source LED and fluorescent lamp being the
only difference. Four different dynamic sequences will be compared for each
light source. Therefore eight lighting situations will be investigated. Long-term
effects will be investigated within a field study of one year. To study the impact
of dynamic lighting on performance and well-being different methods will be
used as questionnaires, tests and the collection of physical data, especially heart
rate variability.

Keywords: lighting, office, dynamic, LED, heart rate variability, well-being.

1 Introduction

Within the last years the lighting community saw two major changes. A new light
source, the LED, appeared on the scene. And a till then unknown third photoreceptor,
the intrinsically photoreceptive ganglion cell (ipRGC) has been found. The ipRGC
has been identified as the link between lighting and many biological functions,
especially endocrine and circadian rhythms [1-3].

M.M. Robertson (Ed.): Ergonomics and Health Aspects, HCII 2011, LNCS 6779, pp. 68 2011.
© Springer-Verlag Berlin Heidelberg 2011



LED Office Lighting to Promote Performance and Well-Being 69

Since then numerous studies have been undertaken to investigate the link between
lighting and its impact on human health and well-being. Brainard et al. [4, 5] and
Thapan et al. [6] studied the action spectrum of the melatonin suppression at night and
could find a maximum at 460nm. Ten years later we know that blue-enriched light as
well as high levels of illumination and dynamic lighting enhance alertness and
vigilance [7-12]. The activating effects of high color temperature lighting can be
improved by planar light sources or indirect lighting using the ceiling or walls [13].
But we also know that one should not increase vigilance and alertness of people
ignoring the time of day and the natural rhythm, since this could create several
disorders [14-17].

With dynamic lighting during the day it should be possible to enhance well-being.
Increased illuminance levels and high color temperature in the early afternoon
together with a relaxing atmosphere generated through warm white light and low
illuminance levels in the evening will help to stabilize circadian rhythms [18, 19].
This does not only lead to an increased performance during the day but also to an
improved sleep quality at night [20].

Besides the paradigmatic change in indoor lighting due to increased knowledge
about the biological effects the difference of the spectral light distribution of LED
compared to conventional lamps has to be taken into account. The new light source is
now not only used in event lighting and media applications anymore. It starts to
capture the market of indoor lighting and will soon be used in various applications,
e.g. offices, schools and nursing homes.

The above mentioned studies were performed using conventional light sources,
such as fluorescent lamps. Due to the different spectral distribution of LED compared
to fluorescent lamps (Fig.1) it has to be questioned whether the results of former
studies on the impact of light on humans can be replicated using LED lighting.

2 Basic Knowledge

For billions of years, humans have been exposed to light of specific spectral
compositions. In particular humans are exposed to sun light, which changes its colour
(and temperature) within the day [21]. Sun light supports the production of serotonin
and vitamin D which can improve health and subjective well-being [22-25]. Vitamin
D is pivotal for the calcium metabolism, for the built-up of bone matter [26].
Serotonin (5-HT) is a carrier substance in the brain at which dearth depressions can
occur [27]. 5-HT is necessary for the production of melatonin, which is built in the
pineal gland and has a connection to light as well as to the circadian rhythm [28].
Light represses the production of melatonin especially the blue and green fractions
(465nm), the short-wave part of the visible spectrum [2, 4, 5, 29-31].

In fact, short-wavelength monochromatic light has a higher impact than light of
longer wavelengths on circadian phase-shift, melatonin-suppression, the increase of
subjective and objective alertness as well as the change of the body temperature [5].
Numerous studies concerning the color temperature of light have shown that
fluorescent lamps with a high color temperature have a bigger impact on the stated
effects than fluorescent lamps with lower color temperature [8-11].
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Since electric lighting has been introduced people spend more and more time
inside while lacking sufficient amounts of daylight. Until a few years ago interior
lighting design was restrained only to the visual needs of humans. But we now know
that the existing artificial lighting systems cannot be a satisfying replacement for
natural daylight. In fact, many people suffer from issues due to light deficiency, such
as lack of concentration and motivation, fatigue or even sleeping disorders and
depression [32].

By implementing well-designed lighting systems, the interior lighting can help to
increase concentration and motivation as well as improve subjective and objective
well-being. Circadian rhythms can be stabilised leading to a better sleeping quality.
We have to take into account that light at the wrong time could have opposite effects
and might therefore cause health problems.

Former Studies. Within the last years numerous studies have been undertaken to
investigate the link between the lighting systems and their impact on health and well-
being. Most of these studies on the effect of dynamic lighting on performance and
well-being have been run using conventional light sources, such as fluorescent lamps.
The different effects of varied illumination levels and color temperatures on the well-
being, the acceptability of the lighting system and the performance of the subjects
have been analyzed in diverse applications (e.g. schools, offices, nursing homes).

High illumination levels as well as high color temperatures increase subject’s
alertness and activity. Also higher concentration and motivation levels could be found
when lighting with high illumination levels and high color temperatures were applied
[8, 13, 18]. To add to this effect planar light sources or indirect lighting using the
walls and the ceiling will be useful. In contrast low illumination levels and color
temperature create a relaxing atmosphere [13].

In office lighting mixed systems are preferred compared to direct or indirect
lighting only. Furthermore, a lighting system should not be designed focused on an
increase of the worker’s performance only. If the circadian rhythm is disturbed by a
purely activating lighting scenario, this could lead to several disorders, as studies on
shift workers have shown [14].

Current knowledge about the biological effects of indoor lighting is largely based
on results from laboratory or short term studies. We do not know much about the
impact of light in real life situations. There are a few field studies as well, those
looking into the effects of light sequences in the course of several weeks or months
while rating well-being and health only at the beginning and the end of the
intervention time. We do not have sufficient data on the progression of health related
parameters, well-being, sleeping quality and performance over the course of at least
one year.

3 Objects of Study

So far, studies on the effects of light on human, especially in office environments,
have mainly employed conventional light sources like fluorescent lamps. However,
currently there is an increasing demand on office lighting systems with LED, whose
characteristics vary significantly from those of fluorescent lamps. The most obvious
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difference between the two light sources is their shape, the LED being a point light
source compared to the linear shape of a fluorescent lamp. But also less obvious
differences may result in different effects on well-being, perception and performance
of people. Compared to the fluorescent lamp the LED has a continuous spectrum.
This affects not only the visual perception, but might also result in different biologic
effects of the lighting system.

Fig. 1. Spectral distribution of an LED and a fluorescent lamp at 4000K

We will investigate the long-term effects of dynamic office lighting on humans,
compared for the light sources LED and fluorescent lamp due to their varying spectra.
The dynamic office lighting used in this study will be designed considering the
knowledge from chronobiological research and investigations within the community
of lighting technology. Fig. 2 shows the dynamic change of color temperatures,
illumination levels and the shares of indirect lighting. The office day starts with lower
lighting levels, high direct lighting and a low color temperature of 3000K in the
morning. Until noon all parameters increase to their maximum of about 1000 to
15001x and 6500K at 1pm. During the afternoon color temperature, illumination level
and share of indirect lighting decrease to reach their starting point by the end of the
working day. The dynamic sequence is designed to promote the circadian rhythm,
increase sleeping quality and therefore improve well-being and performance of office
workers.

4 Methods

The short term effects of dynamic office lighting will be investigated in a laboratory
setting. Two identical rooms will be set up, with the light source LED and fluorescent
lamp being the only difference. Four different sequences will be compared for each
light source: one static lighting situation and one dynamic sequence with three
maximum levels of illumination (800lx, 1200Ix, 15001x). Combined with the two
light sources eight lighting situations will be investigated.
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Fig. 2. Dynamic change of color temperature, illuminance and indirect lighting

Forty subjects in the age of 20 to 55, male and female, will be measured in their
subjective well-being, concentration and visual performance at several times a day.
Additionally physiological data will be collected measuring heart rate variability
(HRV) to study activation cycles and recovery periods as well as sleep quality of the
subjects. The independent variables are the light source (LED and fluorescent lamp)
and the lighting sequence, as described above. Dependent variables are subjective
well-being, concentration, sleep quality, visual perception and HRV.

The subjects will spend an entire workday in the laboratory for each sequence,
eight workdays altogether. To avoid biased results due to different weekdays, they
will be in the laboratory at the same weekday in a time span of eight weeks.

The day starts with an evaluation of the subjective sleeping quality (HRI-Sleep
[33]), the general quality of life (QLI [34]), health (SF-12 [35]; MKSL [36]) and
stress and recovery behavior (EBF [37]). During the day we will test concentration
(KLT-R [38]), sleepiness (Karolinska Sleepiness Scale [39]) and visual perception of
colors and contrast, two times in the morning and two times in the afternoon. At each
measuring point the subjects will rate their subjective well-being (BSKE [40]). In the
evening they will answer the MKSL-questionnaire on physical complaints once again
and rate their subjective well-being during the day in general. Each day the subject
spends in the laboratory, HRV will be collected continuously over 24 hours for
objective cardiac-autonomic data on stress and recovery.

To investigate the long term effects over the course of one year a field study will
take place in a company in Austria. Two open plan offices will be equipped with the
new lighting system, allowing dynamic office lighting. One office will be provided
with LED luminaires, the other office will be lighted by fluorescent lamps. In a third
office we will keep the already existing lighting system in order to install a control
group. In the course of one year the subjects will rate their well-being, concentration
and subjective health every week. During the days of measurement 24h-HRV will be
collected as indicator for sleep quality, objective well-being and stress-recreation-
patterns [16].
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5 HRYV - Heart Rate and Heart Rate Variability as Indicators of
Human Health

As mentioned, we will use HRV as an indicator for physiological health related
effects. Heart rate is one of the main operating parameters of a complex network in
which the heart, circulation, respiration, temperature, and metabolism respond to
physical and psycho-mental influences. On top of intrinsic chronobiological rhythms,
the heart rate gets its typical temporal structure that can be measured as variability
[16, 41]. The modulations of instantaneous heart rate are analysed to describe the tone
(activity) of both branches of the autonomous nervous system. Rapid changes are
assigned to the vagus (primary nerve of the parasympathetic part of the autonomous
nervous system). The vagus is active at rest and in states of recreation. The
sympathetic nervous system acts more slowly and becomes active when the organism
is strongly stimulated.

During the last three decades an increasing interest evolved in the identification of
heart rate variability (HRV) and its value as a health indicator [42]. It is based on the
assumption that an organisms flexibility and ability to respond to external stimuli is
reflected appropriately in the activity of the autonomic nervous system and thus in the
heart rate fluctuations. The clinical relevance of HRV was first highlighted by Hon
and Lee (1965, quoted by [42]). Basically, HRV decreases when stress occurs as a
result of the activity of the sympathetic nervous system [43]. Psychological stressors
increase the cardiac activation of the sympathetic nervous system which can be
noticed by an increased concentration of plasmacatecholamin and altered autonomic
parameters of HRV [44, 45]. The Framingham study [46, 47] found a connection
between a decreased HRV and increased mortality.

Lately, HRV was established not only in occupational medicine [48], sports [49,
50] and in sleep medicine [51-56] but also in wide areas of health care and disease
prevention. Especially in the case of heart-related pathologies, such as myocardial
infarction [57, 58], heart transplants and other cardiovascular diseases [59, 60], the
measurement of HRV is recognized as an additional diagnosis and process support
[61, 62]. But also in other diseases, such as diabetes [60, 63] or indexed psychiatric
problems, such as depression [64], anxiety disorders [41, 65], in sleep research and
cancer [17], new approaches of treatments are arising from practical application of
HRYV analysis.

Basically, any condition modulating autonomic nervous system activity is a
candidate for HRV assessment. This very general approach puts HRV in the position
of providing a parameter bundle of low specificity but high sensitivity for overall
assessment of an organism’s status and reactions to environmental changes. Due to
high interindividual variances alongside good reproducibility, repeated measurement
designs are the method of choice. Thereby, the age-related differences in heart rate
variability between men and women have to be taken into account [66].

Stress and Recreation. Madden and Savard [67] found significant links between
HRV and mental stress. Moriguchi et al. [68] documented an increase in the
sympathetic nervous activity performing mental tasks depending on the degree of
stress. Hjortskov et al. [69] described the HRV as a more sensitive and specific
indicator for stress experienced at computer work compared with simultaneously
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performed blood pressure measurements. The neurobiological bases of the link
between psychological stress and HRV are depicted e.g. by Critchley et al. [70].

The literature and research results up to now, clearly illustrate that not enough
attention is currently paid to the possible health related effects of lighting situations at
the workplace. With our study design and the applied methods we should be able to
measure psychophysiological activation and recovery processes over a working day to
demonstrate the 