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ABSTRACT

A case study on evaluating an internet city guide for accessibility and Design for All is presented, and retrofit-
ting considerations are reported. The study can serve as an early example for the processes to come accord-
ing to the new German legislation demanding equal access to information systems for people with disabili-
ties. Some conclusions on further standardization needs are added. 

1 Universal Design or Accessibility?

Bringing the information society to life while avoiding a
digital gap takes a lot of activities, one of which is to
make user interfaces usable for all people – which
means fostering universal design, or Design for All.
Where universality fails, some groups of people may
feel that they are denied access to information sys-
tems. Consequently, the access problem should be ad-
dressed and fixed – which means caring for accessibili-
ty. Most effectively, accessibility is employed in a way
that enhances the universality of the user interface. Not
very effective are special accessible areas “for the dis-
abled” like the text-only-pages found in some internet
sites, which most often cannot provide for equivalent,
up to date information. In short: while accessibility re-
fers to addressing problems, universal design is the so-
lution. In the evaluation work reported here, we most
often are talking in terms of accessibility, while univer-
sal design is the leading idea for recommended devel-
opments.

2 Accessibility History of the Hamburg 
Homepage 

The Hamburg Homepage www.hamburg.de is a virtual
marketplace for the region, containing a city guide, a di-
rectory to regional businesses and the official homep-
age of the state, the Free and Hanseatic City of Ham-
burg. The site is run by a company in public-private part-
nership. The target group includes all citizens – the per-
fect object for a design for all study.
In the past, accessibility for blind and visually impaired
computer users had been a goal for some singular parts
of the information system. DiBIS, the official citizens'
online information service offered by the state adminis-
tration of Hamburg, was originally designed to include
braille bar users to their audience. The DiBIS manage-
ment was very aware of accessibility concerns since
the time when the system was being ported from BTX
to internet in 1996. From the beginnings, BIT GmbH, a
local competence center for disabled computer users,
got involved as an accessibility consultancy.
In spring 2001, the new hamburg.de homepage was re-
leased (see figure 1), which would integrate all the up to
then separate parts of the information system. Accessi-

bility concerns had not been included in first place, but
were continually put on the agenda by different interest
groups. By fall 2001, when the federal legislation on
equal rights for people with disabilities was approach-
ing, an evaluation for accessibility was commissioned.
As a result we can present here an early example of the
procedures to come, accomplished ahead of obligation
by law.

3 Evaluation for General Accessibility

The evaluation was aimed to detect general accessibili-
ty problems concerning the main user interface of
www.hamburg.de. It should comprise a weak points
analysis as well as pragmatic suggestions for retrofit-
ting. A certification procedure was not included.

3.1 Target Groups

Target groups of the study were people with disabili-
ties, especially blind and visually impaired and motion
impaired people who are dependent on special comput-
er access devices. Next, the elderly came into account,
who have certain visual problems and usually cannot af-
ford the latest equipment. Some aspects would be ap-
plicable to people with seizure diseases. People with
impaired hearing did not come into account, as there

Figure 1: The Hamburg Homepage is layed out in the
typical three column ‘portal’ design. 
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were no sound elements in the main user interface. We
felt that at the time being we could not evaluate for deaf
people and people with learning disabilities, who are de-
pendent on plain language. The outcomes of our study
would also benefit users of mobile devices like PDA. 

3.2 Testing procedure

Accessibility requirements on internet information sys-
tems were released in 1999 by W3C (World Wide Web
Consortium) under the title of WCAG 1.0 (Web Content
Accessibility Guidelines), which made up the basis of
our evaluation. From ISO 9241 and German DIN stan-
dards we took some specifications related to legibility of
fonts and to answering time handling. We felt these
standards on ergonomic office software being applica-
ble to the needs of our target groups where more spe-
cialized guidelines are still missing. 
Our testing procedure was made up following the
“Evaluating Websites for Accessibility” draft guidelines
released by W3C in August 2001, with some adapta-
tions. We listed a sample of actions and inner links
aimed to give a representative picture of the user inter-
face, while pages presenting multimedia content were
left out of the study. Testing equipment comprized spe-
cial browsers and testing tools as recommended. We
found it useful to add a 3 years old 15” Monitor to our
equipment in order to easily detect legibility problems.
A 56 kbit modem was included for answering time mea-
surements. The Opera browser was particularly useful
to report Javascript problems. Evaluation was done ac-
cording to the checklists, with additions as mentioned
above. 
It should be pointed out that, at the time being, testing
procedures are not at all standardized. The mentioned
guidelines and checklists provide the framework for an
expert’s study, needing a considerable amount of prac-
tical experience to be completed. 

3.3 Results

The outcomes of the study can be reported here only
with regard to some features of general interest. 

3.3.1 General Structure

The Hamburg Homepage is laid out in the typical three
column ‘portal’ structure (see figure 1), which can be
seen a lot among websites collecting a multitude of
items and topics under a wide umbrella. Addressing a
huge database, the content management system
seems to be stressed to its limits, showing some an-
swering time problems every now and then. Another
problem might be seen in the broad content displayed
on top level screen, resulting in a screen stuffed with
small fonts and no space left for individual adaptation
needs. 

3.3.2 Strong Points

The user interface shows a consistent structure, prov-
ing an awareness for usability. Navigation is mostly
done by text links, not many image links are to be han-
dled. Javascript is used additionally, not basically, on

main navigational items. Animation is no operational
part of the information system. 

The strong points offer a good basis for improvement.
As to top level navigation, access for screen readers and
special browsers is basically ensured, or can easily be
employed. 

3.3.3 Weak Points

Text equivalents for images are often, but not always
supplied. Consequently, some parts of the information
system, such as email registration, foreign language
pages, pages referring to sightseeing, and further infor-
mation to a given topic, cannot be addressed by screen
readers and text browsers. 

Moving images, i.e. animated gif or flash, are not acces-
sible and should be avoided, as they might cause health
problems for people with seizure diseases, and might
distract screen magnification software. Animation is
used on advertisement banners only. 

Javascript is used on the search facility’s main input
field in a way that noscript browsers are not affected,
but browsers using the Javascript ECMA standard
would ignore the input field. Some items of second lev-
el navigation do not work without Javascript, such as
the detailed-search facility, the sightseeing area. As a
result, these facilities are not accessible to users of
screen readers and special browsers. 

Font sizes are conveyed in absolute values, not in rela-
tive values as would be necessary for adaptation by
people with visual problems. Font sizes are set too
small in some areas, so that they would not pass a test
for ergonomic workplace equipment. Consequently,
the visually impaired and the elderly would encounter
some legibility problems. 

The three column layout makes it difficult for screen
reader users to get an overview. Adding to the problem
are missing structural markup such as header elements.
Blind computer users may find the information system
basically accessible, but not easy to use. The same ap-
plies to keyboard users.

3.3.4 Overall Recommendations

As the given structure is basically accessible and allows
for improvement, it would not be necessary to employ
a text-only site as an interim solution. Items of top level
navigation can be improved by simple means, i.e. add-
ing ALT tags and correcting Javascripts, thus giving ac-
cess to users of screen readers and special browsers.
Items of second level navigation, leading to singular
parts or advanced usage of the information system, can
be made accessible by more sophisticated noscript han-
dling. Not easily fixed are the problems referring to leg-
ibility and usability, which would afford a redesign of the
overall layout. 

As an outcome of the study, we recommended to fix
simple problems a.s.a.p., and to join the more advanced
accessibility or universal design considerations to the
objectives for future redesign.
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4 Retrofitting Considerations

As there were no obligation by law nor a fixed level of
accessibility to be completed, retrofitting consider-
ations were to be treated as a business decision at free
will. In order to facilitate the decision making process,
our recommendations were set up in a priority list of
items to be fixed a) immediately, or b) in the frame of a
major relaunch, or c) as seen fit. Ranking was done not
only according to the checkpoints for the different
WCAG 1.0 conformance levels, but also according to
considerations of feasibility and long-term value. Details
had to be discussed with technicians and managers of
the site, as more intimate knowledge of given struc-
tures was necessary. 
Feasibility of retrofitting may be seen as related to cost.
A clear limitation is set by the tools in use for produc-
tion, as far as high-priced investments are concerned.
The content management system, as an example,
would not set empty ALT tags for spacers, so this meth-
od aimed at hiding spacers from text browsers had to
be omitted. Changing font size definitions from abso-
lute to relative values may turn out to be quite costly, as
all stylesheets and templates have to be tested anew –
a process which you would call redesign rather than
problem fixing, and which consequently was ranked
down. Our discussion aimed at finding items, which
could easily be changed, without inflicting the whole
structure, so that an improvement on accessibility could
be accomplished at low cost. Not only level A, but also
AA and AAA items (in terms of WCAG 1.0 conformance
levels) were identified to be easily fixed. 
Where conflicting goals occurred, a more precise ratio-
nale was often missing. As an example, the site manag-
ers denied our recommendation to avoid animation, as
they would not easily impose limitations on their advert-
izing customers. At the state of the art, we were not
able to indicate a clear ranking of this item from acces-
sibility considerations. While the checkpoints list anima-
tion under a “until user agents” clause, evidence of dis-
tractions caused by animation could not be given from
new studies. Should it come to obligation by law, test-
ing procedures and ranking ought to be consolidated to
a level of standardization as known from the German
TÜV label for safety checks. The managers of ham-
burg.de pointed out that such a standardized and offi-

cially installed certification procedure would be crucial
for their security of investment. 

5 Conclusion

As the process of employing accessibility to electronic
information systems is in its beginnings, some neces-
sary structures are still missing. The above-mentioned
experiences from an early evaluation and retrofitting
process show the need for development especially in
the area of standardization. At the state of the art, eval-
uation procedures are operational for experts, not for
practitioners. Neither are levels of completion agreed
upon, nor are testing procedures worked out, nor rank-
ing criteria assured. Yet site managers ask for a reliable
certification procedure as a basis for their business de-
cisions.
While this study was focussed on addressing and fixing
accessibility problems, the goal of universal design,
which was the leading idea of recommended solutions,
would need more elaboration. Information designers
can do an important job by presenting models for uni-
versal design, so that accessibility problems may be
avoided in future information systems. 
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ABSTRACT

"Universal Design/Design for All" is the design process of products, which could be used of people with the
widest range of different abilities in the widest range of situations (environments, conditions and circum-
stances). This paper discusses characteristics of the "Universal Design/Design for All"-concept at the example
of accessible web pages. Examples of web access barriers and possible state of the art solutions for these
barriers are shown which follow the concept of "Universal Design/Design for All".
"Universal Design/Design for All" as a design concept has a considerable potential to promote the participa-
tion of all in society. It comprises both a social and a market component – the participation and the selling to
all. This potential will be explained by giving an impression about international, European and national guide-
lines, initiatives, activities and efforts regarding web accessibility.

1 Introduction

"Universal Design/Design for All" is the design process
of products, which could be used of people with the
widest range of different abilities in the widest range of
situations (environments, conditions and circumstanc-
es). This paper discusses characteristics of the "Univer-
sal Design/Design for All"-concept at the example of ac-
cessible web pages. Examples of web access barriers
and possible state of the art solutions for these barriers
are shown which follow the concept of "Universal De-
sign/Design for All".

1.1 The concept of "Universal Design/Design 

for All"

Every person is unique and an individual. We all are dif-
ferent and this is normal. Individual abilities of every sin-
gle person differ more or less from the average. Aver-
age should not be understand as a statistical quantity
and should not be mixed up with normality. This point of
view includes all: people with restricted abilities be-
cause of handicaps or because of old age.
Demands of users on products and services just in the
area of modern technologies are the same for all, in prin-
ciple. Physical access has to be ensured, operation has
to be user-friendly, a good guidance or training has to be
available and the products should be available at reason-
able prices.
With this understanding we have to strive for solutions
for all, universal solutions without barriers. Therefore
the design and development of technological products
and services should be oriented on demands of all.
The concept of design for all is an integrative approach
in development, implementation and design of prod-
ucts and services. This is well-known in architecture in
connection with the accessibility of buildings or public
places for people with handicaps in mobility. The aim is
to make access possible for all, inclusive those who
have demands which deviate from the average (e.g.:
parents with baby carriages, children, wheelchair users,
people with low vision, older people, etc.). This idea

was applied to the industrial and software design; in par-
ticular in the area of human-machine-interfaces. The de-
mands of all flow into the design process and it is aimed
at a solution which is usable for all.

1.2 Features of the concept of "Universal 

Design/Design for All"

This design concept obviously has a considerable po-
tential for the development of the market and for the
promotion of participation of all in society.

It holds a large power of integration because the use is
possible for all and there is no need for special solutions
for single groups. Therefore this concept is favoured in
the connection with activities to develop further the in-
formation society. In an initiative of the European Com-
munity, eEurope, the principle of "design for all" is con-
sidered as a basic principle for the inclusion of people
with handicaps. Beneath the social component there is
also a component relevant for the market – the partici-
pation of all and the selling to all.

Universal techniques are really universal: product fea-
tures with the aim to support people with disabilities are
useful for the users in all.

Often the number of non-disabled users is much larger
than the number of the original target group. For exam-
ple lowering of kerbstones first was implemented for
wheelchair users, today it is much more used by bicy-
cles, prams, trolleys, rolling suitcases, skates etc. than
by wheelchairs. Universal design can only be realised if
demands and abilities of all are considered. Universal
design is useful for situative restrictions like the use of
information kiosks in a loud environment (cp. partial
deafness), big switches could also be used with gloves
(cp. motor impairment), speech output could be used
via mobile phones (cp. visual impairment), etc.

In fact not all barriers could be removed by using univer-
sal solutions, there is the need for specific goal-directed
solutions and individual adaptation (rehabilitation tech-
nology) and there is a need for a combination of both
concepts, the "design for all" and special solutions.
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From this it follows that the design of products 
• should be so flexible that they could be used by

people with the broadest range of abilities in the
broadest range of situations (environments, condi-
tions and circumstances) as far as it is commercially
practical with actual materials, technology and
know-how,

• should be made in a kind so that they are compati-
ble with augmentative technology, which is used by
those who could not use the products efficiently,
and directly.

Meaning of the Web (Internet and Intranet)
"The power of the Web is in its universality. Access by
everyone regardless of disability is an essential aspect."-
- Tim Berners-Lee, W3C Director and inventor of the
World Wide Web
Modern information technology and specially the inter-
net have been developed into indispensable informa-
tion- and communication media for all citizens. In work-
ing environments the use of this media has been ac-
cepted for different situations. The penetration of PC
and internet increases also in the private area. Beneath
the technical development itself an important factor for
the realisation of this technologies is the availability, the
price, the information contents and the usability for
large sections of consumers. With increasing supply of
the public authorities in the internet and with services
like a virtual townhall, information pools, interactive sup-
ply the question for the attainment of a broad user
group is getting more and more urgent.

1.3 Examples of Web Accessibility Barriers

Some barriers of web accessibility exist also for non-dis-
abled users. Problems often related from a situative or
rather environmental aspect of access to the web.
Access could be complicated if access happens:
• via mobile phone or kiosks with small displays,
• with a low band width (high loading time e.g. for

graphics),
• in loud environments (problems to hear a tone),
• in bright environments (problems to read the dis-

play),
• during car driving or other activities (no hands free),
• by people with reading problems ,
• by people with restricted colour perception.
Such problems could be surmount by the use of differ-
ent modes (multi-modality – support of visible, audible
and tactile information) and the use of redundant infor-
mation (text, Audio, Video), smart web page design, use
of cascading style sheets etc.
Such solutions also support the access for people with
handicaps at the same time (motor impairment, visual
impairment, hearing impairment, mental disability).

1.4 Arguments for the Relevance for the 

Market

Commercial web page designers often do not seem to
be interested in accessibility, they seem to be interest-

ed in the possibility of feasibility and often think that
people with disabilities are not the target group. But
there are a lot of relevant arguments for accessibility,
which are also relevant for the general market:

Good accessibility 

• is an important aspect of usability and therefore a
feature of quality,

• supports "all" users", not only a small group,
• supports the use under different technical or situa-

tive boundary conditions (band width, end devices,
browser, mobile devices, etc.),

• increases the number of potential users (e.g. 5 mil-
lion in Germany),

• do not stand inevitable higher costs or additional
time

• is not a contradiction to good design,
• is making information easier available,
• increases the general acceptance,
• and a dialogue with users leads to better products,
• and barrier-free web pages bring social apprecia-

tion,
• and barrier-free web pages are legally demanded in

many countries. In Europe are legal steps planned
(Germany, United Kingdom, established in Portu-
gal). If standards which are demanded in the near
future are already used today this will bring a com-
petitive advantage.

1.5 Guidelines for the Development of Web 

Pages - Legal Aspects - Initiatives

The W3C as a world-wide consortium of industry sup-
ports the efforts for better accessibility with its domain
WAI (Web Accessibility Initiative). In international open
discussions WAI has developed guidelines which could
be seen as a de facto standard. This guidelines should
be introduced as a standard for public web pages in Eu-
rope (e.g.: in Germany this guidelines forms a basic for
standard of barrier–free web pages within the scope of
the "Bundesgleichstellungsgesetz" (federal act for the
equality of treatment)). Most national guidelines and
other recommendations regarding web accessibility are
based on the WAI-guidelines (for: web content, author-
ing tools or user agents).

On June 25, 2001, accessibility requirements for federal
electronic and information technology took effect under
Section 508 of the American Rehabilitation Act. This law
requires that such technology be accessible according
to standards developed by the American Access Board.
Although Section 508 exists since 10 years, the coming
into force of the federal purchase regulation leads to a
change in information technology and the requirements
of Section 508 have had a great impact on the industry
and on the private market (more accessibility features
are built in in standard OS and office programs, more ac-
cessibility and compatibility of programs in general)
since the last year. It could be expected that this impact
would get all the more powerful the more countries act
like the United States and demanded special features.
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The eEurope initiative of the European Commission has
published an action plan, which demands the adoption
of the WAI guidelines for the European countries.

The European parliament has voted in its first reading on
the proposals to revise EU legislation regarding public
procurement (18th January 2002). Demands and re-
quirements are similar to the requirements of the Sec-
tion 508 in the United States. Therefore similar out-
come, impacts and a similar development for the indus-
trial and private sector like in US could be expected.

2 Conclusion

One of the aims of universal design is to meet the
needs of the broadest possible user population in the
broadest variety of circumstances. Complementing
general design principles, co-operation with users of
very different abilities has the potential to identify critical
issues and to support guidance in the design process.
The European project FORTUNE has been a pilot
project in the area of user participation in R&D. The
project provides a concept with seven principles (part-
nership, user organisation based, equal payment, ac-
cessibility, qualified staff, sound plan, early involve-
ment) allowing a systematic approach to user participa-
tion. This approach should be used in the area of univer-
sal design of general consumer goods, but it could also
be useful in assistive technology and the service area.
Although it was originally designed for R&D projects the
concept can be transferred to web design, considering
the design process as a project. Accessibility, qualified
staff and an early involvement (in the sense of early
awareness and an early considering of universal prob-
lems as well as special problems of small groups) are
also required for web page design. Aspects of these re-
quirements will be considered and solved when interna-
tional standards (WAI) are meet. Latest developments
in the area of information technology (federal purchase
regulation of Section 508) show an important impact for
design and development of products and services. 

We are not at the end but at the beginning of a develop-
ment, which is going on in different countries (e.g. eE-
urope action plan). Many problems of today maybe
solved through new developments in technology in the
near future, but as past developments show at the
same time new problems will appear through this new
developments in technology. However, which further
development or changes in products and services will
come, the most important and expected change will be
a benefit for all users: everyone benefits from accessi-
ble web pages.

3 References

Bühler, C. (2001), Empowered participation of users with dis-
abilities in universal design, International Journal : Universal
Access in the Information Society, 1 (2), Springer, Berlin, pp
85-90. 

Catani, R. (2001), eEuropean Action from a Disability Perspec-
tive, in Marincek C., Bühler C., Knops H., Andrich R. (Eds.) As-
sistive Technology – Added Value to the Quality of Life.
AAATE'01, IOS Press, Amsterdam, pp. 19-23.

Van Rooy, D. and Haglund, K.H., Information Society Technol-
ogy for People with Disabilities and Older People, in Marincek
C., Bühler C., Knops H., Andrich R. (Eds.) Assistive Technology
– Added Value to the Quality of Life. AAATE'01, IOS Press,
Amsterdam, pp. 24-29.

German "Bundesgleichstellungsgesetz" (federal act for the
equality of treatment):
http://www.behindertenbeauftragter.de/download/
gleichstellungsgesetz.htm

eEurope initiative:
http://europa.eu.int/information_society/eeurope/
index_en.htm

WAI-References (guidelines): W3C: http://www.w3.org/

Content Guidelines: http://www.w3.org/TR/1999/
WAI-WEBCONTENT-19990324/
Quick-Tips: http://www.w3.org/WAI/References/QuickTips/

Checklist:http://www.w3.org/TR/WCAG10/full-checklist.html 
(German translations are available e.g. under:

http://www.fernuni-hagen.de/FTB/new/service/
eaccess/doc/access-d.htm)



Barrier Free Design in Office Work with Visual Display Terminals

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

328 Klaus BUHMANN

Barrier Free Design in Office Work with Visual Display Terminals 

Klaus BUHMANN 
VBG Verwaltungs-Berufsgenossenschaft, Friesenstr. 22, D-20097 Hamburg, Germany, E-mail: klaus.buhmann@vbg.de
buhmann.skph@t-online.de

ABSTRACT 

All industrialised countries have decided to reduce the marginalisation and discrimination of handicapped
people in all fields of daily life. Care and aid are to be replaced by independence and responsibility. This policy
also applies to the design of the work place, in particular in offices and when utilising visual display terminals
and computers. Are demands to offer such designs realistic? Are technologies available, which can meet rel-
evant requests?

1 Introduction

Three or four years ago a renowned German university
published a post for a foreign language secretary.
Among the applicants for this post was a young woman
who had all the required professional degrees and qual-
ifications for this work. Her only problem: she is blind.

The regional press published an article of half a page in
which the university reported on its human approach in
solving the problem by employing the young woman as
a telephone operator. This is only one small example to
show how our society treats handicapped people.

2 Societal changes

Increasingly, our society realises that this approach of
treating people with "special" demands in a "special"
way is leading to the marginalisation and discrimination
of this group of people. 

In the meantime effective legal efforts are being made
worldwide to reduce the discrimination of handicapped
people. In this connection I would like to draw your at-
tention to the Anti Discrimination Act (ADA) in the US,
or the Social Charta in the EU. The latter has led to anti-
discrimination laws in EU Member states, such as Ger-
many, which improve the legal situation of handicapped
people.

In order to take account of such developments ISO/IEC
as well as CEN/CENELEC and ETSI have taken relating
principal decisions in 1999 and 2000 respectively. In ac-
cordance with the EU mandate 283 all international
standardisation committees are jointly elaborating
guidelines which will define the qualitative demands for
Accessible Design. ISO/IEC has approved this guideline
(ISO/IEC Guide 71.2) in December 2001; CEN/CEN-
ELEC approved this guideline (CEN/CENELEC Guide 6)
in January 2002.

3  “Barrier-free”

Both Guides define “accessible design” (in Germany:
barrier-free) as follows: … principles of extending stan-
dard design to people with some type of performance
limitation to maximise the number of potential custom-
ers who can readily use the product. …

This extended utilisation can be achieved by taking the
following measures:
• by designing products, …that are readily usable by

most users without any modification,
• by making products or services adaptable to differ-

ent users (adaptable user interface), and
• by having standardised interfaces to be compatible

with special products for persons with disabilities.

3.1 Ergonomics for “All”

According to ISO ergonomics should be defined as "the
adaptation of work conditions to the physical and psy-
chological abilities of the people concerned“. Presently
ergonomic standards only take account of
• non-handicapped persons at an employable age (14

to 65 years of age), and
• and only the 5th to 95th percentile of men and

women.
ISO and CEN guidelines are now enlarging the user
group to be taken into account:
• “Extending standard design” means the further

development and taking into account ergonomic
knowledge (human factors) in order to increase the
number of users as well as the types of users. It
does not mean the development of a specific ergo-
nomic design for handicapped people.

• This does – on purpose – not include the concept of
a “design for all” but aims at “most users” or “
potential customers”. To my understanding this
means that a person should only be regarded as a
potential end-user or customer if this seems to be
meaningful. Only such persons should be taken into
account who are principally able to conduct certain
activities or can prove such activities, and who are
not excluded from such activities because of pro-
tective regulations and the like.

With regard to an ergonomic terminology “most users”
does not necessarily mean an extension to 0. to 100. of
thousands of handicapped and non-handicapped peo-
ple. However, if this order of magnitude can be taken
into account, it should be done so when designing a
product.
However, we have to be aware of the fact that very of-
ten it will not be possible to take account of the whole
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spectrum of abilities and possibilities. To give an exam-
ple: visually readable sign can be designed in an optimal
way according to ergonomic criteria, however, a blind
person will not be able to see those signs. This commit-
tee has there developed the “two-channel-principle”
which is called “alternative format” in the guides.

The “two-channel-principle” defines the following:

1. A fixed level has to be defined as a reference for all
abilities in question. This reference level has to be
based on
- a level of abilities which is as low as possible,

and which can be achieved with common assis-
tive products,

- present technical feasibility, and
- the prevention of additional effort if the product

is used by other persons.
2. The product design has to follow strictly the ergo-

nomic criteria for the ability level in question.
3. It must be possible to conduct each part of the

activity in two different ways, based on two differ-
ent abilities.

 By applying this design principle, the following can be
achieved:

• Users who have the required level of ability can use
the product in an ergonomic way without to high a
burden or demand.

• Users who have a higher level of ability than
required can use the product more easily and in a
comfortable way.

• Users who have a level of ability below the required
one, can use the product in a comfortable way in
accordance with the alternative mode of utilisation.

4 Barrier-free visual display terminals

The example of the blind foreign language secretary de-
scribed above shows that a new approach to product
design is very important. However, can this new ap-
proach be implemented in offices? Will it be technically
feasible and cost effective?

 Below examples are given for opportunities of a barrier-
free utilisation of computers, and the constraints and
disadvantages which still exists are described as well.

4.1 Data input

In case that data are not made available in electronic
form, data input and control is managed via a keyboard.
In this case "barrier-free" means that everyone who can
handle a computer must also be able to handle a key-
board. This causes problems, e.g. for people whose
motion abilities are reduced or who are blind.

Utilisation of the keyboard may only be possible by us-
ing one hand, one single finger or even a mouth-manip-
ulated device. This might make it difficult, or even im-
possible to press several keys at the same time. For
such cases Windows offers a standard package with
the possibility to adapt the keyboard to individual re-
quirements by using the system's control.

In cases where precise finger motions are not possible,
this can be achieved by using suitable punch devices.
Special keyboards can be labelled "barrier-free" in case
they fully replace the standard keyboards with all their
options.
As far as people with reduced sight are concerned, the
keyboard layout should completely comply with the de-
fined minimum standards.
Even today typists are taught to type without looking at
the keyboard. Therefore standard keyboards have
marks on the keys for f, j and 5 which can be felt. These
marks are sufficient for blind users to use standard key-
boards without any problem.
 Utilising a computer mouse is very difficult for people
with motion problems, it is impossible for blind people.
Therefore computer programmes can only be labelled
"barrier-free" if they can be manipulated either with a
mouse or with a keyboard.
Presently data input and processing methods which
use spoken language are being developed. Data input
using such methods still have to be improved consider-
ably; however, data processing methods via spoken lan-
guage offer work opportunities for people who have no
motion abilities at all. 

4.2 Data output on the computer screen

It might be self-evident to say so, however, if one wants
to read data with a standard computer one has to have
a certain ability to see things.
Difficulties one might have with reading small letters
also occur when reading data on a screen. In this case,
as was described before for keyboards, it is also abso-
lutely necessary that the signs shown on the screen
comply with a minimum standard of barrier-free design.
All this is available from Windows, however, the stan-
dard programmes do not comply with such require-
ments. I hope that the new ISO guideline will compel
Microsoft to modify standard programmes accordingly.
Blind users need a system by which data on the screen
can either be felt or heard. To comply with such require-
ments products are offered on the market which read
data shown on the screen and then make it available us-
ing spoken language or using Braille signs on a special
screen. Such products can be labelled "barrier-free" if
they can be installed together with any standard com-
puter. Usually, no problems arise with text processing
systems such as DOS. Graphic systems are more diffi-
cult to handle. They require a so-called "off-screen mod-
el" which allows for a reading of the texts via spoken lan-
guage. Data output ( images or graphs) which can be
heard or felt is only possible if images are accompanied
by some text - as is required for future web designs.
This is already the case for toolbars for Windows: Icons
such as "save" or "print" are accompanied by a relevant
text.

4.3 Cost efficiency

A computer labelled "barrier-free" has to comply with all
the requirements described above. However, the stan-
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dard version only has to offer the opportunities which
can be realised without major additional costs, and
which make the utilisation of the computer safer, sim-
pler and more comfortable, also for users who are not
handicapped.
Complicated assistive products must already be taken
into account when designing the computer, and they
must be fully compatible with all its functions.
 Only if this is the case, handicapped staff members will
be able to use their individual assistive products when
using standard computers, and can then do the same
work as can their non-handicapped colleagues. In Ger-
many each handicapped employee - according to SGB
IX, the law on rehabilitation - is legally entitled to a work-
place design adapted to his/her abilities. The same law
provides for public subsidies for those employers who
create such work places.

5 Summary

"Barrier-free" does not have the same meaning as "suit-
able for handicapped people".
 "Barrier-free" describes a social dimension.
It is defined as independence, the ability to fully use and
utilise all devices and infrastructures of daily life, the un-
contestable right to equal treatment and the guaranteed
prerequisite to fulfill the same obligations for all people
not regarding their age or whether they are handi-
capped or not, and taking account of each of their differ-
ent abilities.
Contrary to many work places, these requirements, de-
fined by Prof. Philippen, can be fully met with regard to
work places using visual display terminals without any
further technical inventions.
Now, it is our and your task to compel manufacturers to
make available hardware and software products which
meet such requirements. Only then, a blind foreign lan-
guage secretary will get a job which fits her qualifica-
tions, and which guarantees that she can be employed
in a cost-efficient way.
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ABSTRACT

The center of expertise BIK “Information and Communication without barriers” will foster accessibility of in-
formation systems for blind and visually impaired computer users. Regional consulting centers of the project
will develop and test suitable instruments and services concerned with the creation of accessible web con-
tent and graphical user interfaces. Developers, information providers and consumers will find advice and sup-
port there. 

1 Background 

Every other employee in Germany regularly uses a com-
puter. Workflow is being co-ordinated using company
intranets, information retrieval and communication
make use of the internet. Whoever applies for a job in
administration or the service industry will have to be
able to navigate those nets successfully. 

Mastering networked computer systems opens up new
opportunities for blind and visually impaired people. 

Using adaptive technology (Braille displays and speech
output systems) lets them send and receive documents
electronically as well as process information from com-
pany intranets and the internet independently at their
own PCs. 

This is made possible only if the information providers
understand the needs of blind and visually impaired
computer users and are willing to cater to those needs.
But very often this is not the case. As a result, chances
to succeed in the job market decrease, and existing em-
ployment is being endangered.

Almost daily Organizations of the blind receive requests
from users and web designers concerned with the cre-
ation of accessible web content and graphical user in-
terfaces. This clearly demonstrates the need to develop
and test suitable instruments and service offers. 

The center of expertise BIK “Information and Commu-
nication without barriers” will develop these instru-
ments which will be tested in regional consulting cen-
ters of the project. Developers, information providers
and consumers will find advice and support there. 

2 Work Package 1: Integrated 
Evaluation Procedure

A considerable number of evaluation procedures and
guidelines for accessible web design is already in exist-
ence. They cover alternative text labels for graphics and
videos, suggestions for the treatment of tables, im-
agemaps, sound, animations etc., and nearly all imagin-
able types of applications have received rules and rec-
ommendations. 

But is all this really necessary? Are old text browsers
still in use? And where are the limits of automatic test-
ing procedures such as Bobby? 

Haven’t modern webtools and screen readers been
able to adequately render web pages containing frames
or tables for quite some time? 

Here Clarity needs to be established. Possibilities and
limitations of alternative presentation methods will be
determined, variations of the different concepts and
guidelines will be demonstrated and possibly rated. As
a result, an integrated evaluation procedure will
emerge, to classify existing guidelines and instruments
with regard to their scope and usability. 

The goal is to constructively point out to software devel-
opers and web designers in what ways they can start to
improve the accessibility of their products. 

Within the framework of the project Regional consulting
centers will be established, and they will try out the pro-
cedure as part of work package 1 during which the ac-
cessibility of web content will be evaluated.

3 Work Package 2: Assistance in Web 
Design

It is not difficult to create accessible web pages, the
guidelines are straight forward, special tools are not
needed. A simple text editor will do to create clearly
structured pages without superfluous graphics which
can be universally read. But can such pages be created
with tools like Macromedia, Dreamweaver etc.? Will de-
velopers be able to continue using their established
content creation systems? 

Professional web agencies make use of development
tools which often do not comply with the aim of acces-
sible web design. It is their intention to create web pag-
es which are different from the rest, which demand at-
tention, are technically challenging and make use of
new design features. 

Raising awareness and disseminating guidelines for ac-
cessible web design constitute the focal point in work
package 2 for the regional consulting centers. They will
offer assistance for professional web design and dem-
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onstrate how to create accessible web content under
currently prevailing production conditions. 
Since solutions to these problems are presently avail-
able, they do not have to be developed. A great number
of professionally created web presentations are already
available that are both attractive and at the same time
accessible. Knowledge gained through the develop-
ment of these pages will be made widely available. This
will show the limitations of existing design instruments
as well as the shortcomings of screen readers and web
browsers thus pointing toward necessary improve-
ments. In this context the project will try to initiate new
solutions and to influence normative guidelines.

4 Work Package 3: Fostering and 
Demanding Accessibility

Guaranteeing universal access is not only a question of
delivering guidelines and offering practical assistance.
Contractors, web agencies and software houses must
be convinced that the effort to create universally acces-
sible content will pay off. 

Thus, in work package 3, the regional consulting cen-
ters will identify inaccessible applications, address the
creators of such content and draw up projects to im-
prove the accessibility of the respective web sites or ap-
plications. These projects serve as the basis for target
agreements between organizations and information
providers. The regional consulting centers together with
the web agencies or software houses of those provid-
ers develop alternative concepts to achieve accessibili-
ty. Guidelines for reaching such target agreements ac-
cording to federal equalization legislation will be drawn
up and tested. It is intended to establish this active sup-
port for universal access as a permanent service of the
regional consulting centers.

5 Partners

The BIK project is mutually run by DBSV (German Asso-
ciation of the Blind and Visually Impaired), DVBS (Ger-
man Association of Blind and Partially Sighted Students
and Professionals) and DIAS GmbH, Hamburg. 
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ABSTRACT

The objective of this paper is the preparation of Microsoft PowerPoint presentations by visually impaired per-
sons. Different ways are discussed, from converting into ASCII to customizing existing screen reader soft-
ware.

1 Introduction

The present total world-wide number of blind persons is
estimated to be roughly 40 million. In Germany about
155.000 people are considered blind and approximately
550.000 people suffer from visual impairments.

The development of the refreshable Braille display cre-
ated a whole new world for the visually impaired per-
sons. Due to the fast development of information and
communication technologies of recent years, funda-
mental changes in our society may be noticed. 

New job areas opened up. Nowadays not only handling
of plain texts is possible, even some multimedia appli-
cations are more or less accessible by recent develop-
ments of the adapted access devices, like screen read-
er programs and special web tools. Screen readers and
related fundamental topics for graphical user interfaces
have been discussed by Mynatt and Weber (1994) and
others. Even today some more work in this area is
needed since the evolution of new features and tech-
niques put up some new questions.

Prof. Dr. rer. nat. Erdmuthe Meyer zu Bexten founded
the Center for Visually Impaired Students (BliZ, http://
www.fh-giessen.de/bliz) at the University of Applied
Sciences Giessen-Friedberg in 1997 to support the spe-
cial needs of our visually impaired students. Besides
this support we participate in projects dealing with
adapted access technology and related topics. Visual
impairment in conjunction with Information Technology
puts up some problems and offers solutions for lots of
well-known problems, too. Barrier-free access to infor-
mation is one of our major goals. To handle mathemati-
cal expressions, for instance, our visually impaired stu-
dents use the type setting package LaTeX and therefore
we have developed a modular training concept (Meyer
zu Bexten and Jung, 2001). Another part of our work
covers ergonomical aspects with respect to visual im-
pairment (Jung, 2001)

The objective of this paper is the preparation of Mi-
crosoft PowerPoint presentations by visually impaired
persons. Presentations make for an excellent media to
show scientific results or any other type of information.
It has become some kind of de-facto standard in educa-
tion at universities for lessons, in seminars and likewise
in commercial reports.

Presentations only fulfil their mission if one can manage
to catch the audiences attention and to keep them inter-
ested. This can be managed by using animations, for in-
stance, or by presenting only a small amount of relevant
information at a time.
The handling of graphical information like animations
raises severe problems for visually impaired users.
Today one is not only expected to work successfully,
the results of one’s work also have to be presented in
an appealing and up-to-date manner. 

2 A closer look at the problem

Visually impaired people should be given the possibility
to make attractive presentations independently. Devic-
es like Braille displays or screen readers are mainly de-
veloped to manage textual contents and only allow for
limited working with graphics or animations. Although
they can catch, analyze and process the graphical char-
acters of Windows, complex work based on pictures or
graphics poses heavy problems. A screen reader soft-
ware is hardly able to recognize written text in anima-
tions, such as rotating headlines.
An increasing number of tasks within the MS Office
suite can be performed by a visually impaired person
with the help of state-of-the–art screen readers like
JAWS (Job access with speech, Freedom Scientific, ht-
tp://www.freedomscientific.com), but working with MS
PowerPoint is very limited. More exotic applications,
like the SPSS statistical package, are less supported by
the designers of the screen reader software, though
Dimigen et. al. (1996) worked on this special objective.

3 Solutions to discuss

Different solutions to enable visually impaired people to
make presentations on their own by using Microsoft
Power Point will be investigated.
The following strategies will be pursued:
• Developing a program to insert a text into a tem-

plate which is transferred to a pre-built PowerPoint
file. In this case it is necessary to find the places in
a PowerPoint file containing plain text (ASCII).
Opening a PowerPoint file with a simple ASCII-edi-
tor, manipulating one plain text area by replacing it
with another text and finally writing back the file has
failed. Control characters and/or escape sequences
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cannot be read and written correctly with an ASCII
editor.

• Reading and writing the PowerPoint file in binary
format will also be evaluated. Locating the right
position of plain text among the binary code is cru-
cial. The benefit of this solution is that PowerPoint
need not to be installed. This procedure is quite
complicated and only suitable for simple presenta-
tions, since users are restricted to employ pre-
defined templates.

• Creating a robot that operates with PowerPoint is a
quite complex solution. It could use an ASCII file to
control the robot, while the robot for his part uses
the Windows Messaging System for operating with
PowerPoint.

• Another approach is to use Braille display and
screen reader within Power Point. Currently it is not
working satisfactory. The screen reader software
has to be adjusted for PowerPoint and best practice
solutions have to be found. This method appears to
be the most attractive, because visually impaired
people could work directly within PowerPoint. Their
working process would only be slightly different
from that of a sighted colleague.

Numerous efforts have been made to check possible
solutions for the first three approaches, but did not lead
to useful results. In discussions with visually impaired
persons we had to learn, that there would be virtually no
interest for this kind of solutions.

Following this approach might help visually impaired
persons struggling for equal opportunities, especially in
professional environment. As stated before, presenting
the fruits of your labor has a growing importance and
can promote your professional development a lot.

4 Adapting the adapted access

Examining the last approach, to customize the screen
reader, the problem has to be divided into two different
scenarios:

• creating PowerPoint presentations as a visually
impaired person

• presenting these PowerPoint presentations as a
visually impaired person

While the main problem of the first scenario is the per-
formance of the screen reading software within the pro-
gram Microsoft PowerPoint, the latter scenario seems
to be easier to cope with: speaking or displaying the
contents of the screen on a Braille display during pre-
sentation.

Checking the major screen reading solutions here in
Germany we found out, that JAWS gave some fairly
good results, though being far from perfection.

Since this is not only in Germany a widely used screen
reader, we decided to put our further efforts into cus-
tomizing JAWS.

JAWS has some basic functionality for MS PowerPoint.
For some applications and scenarios there are scripts to
control JAWS.

Depending on the tasks to perform, one will find out
very soon about the restrictions and bugs of the existing
scripts for MS PowerPoint. Currently this script is ap-
proximately 2000 lines and increases with every added
support feature. Freedom Scientific provides a tool to
customize these scripts called the script manager.

Improving these scripts is the objective of our current
work. Having dealt with this topic for some time, there
are several facts to be taken into account:

• version of the screen reader
• version of the operation system, patch level
• version of PowerPoint, patch level
• display geometry, resolution

These are only the fundamental facts, others gain signif-
icance as you give it a closer look.

5 Conclusion

Some basic tasks of the every-day-work already can be
performed by visually impaired persons working with
MS PowerPoint. We could manage to improve this
functionality for several practical tasks, but still there are
some restrictions and residual problems. Beyond a cer-
tain level of tasks, one has to deal with work arounds.

Starting from this promising results, we expect to in-
crease functionality considerably in the near future.
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ABSTRACT

As the color information has an important meaning in modern society, it is a handicap for the dyschromatop-
sia not to be able to recognize color information. Although Web pages on the Internet provide a lot of informa-
tion, some of them have drawbacks for dyschromatopsia due to its ill color scheme. In this paper, a color
scheme conversion program is proposed so that dyschromatopsia may browse Web pages with less diffi-
culty. As the program is written in Perl and uses CGI, this conversion service may be available on the Inter-
net.

1 Introduction

Color information has an important meaning in modern
society, and the significance of information sent by col-
or has grown. It is, however, a handicap for the dyschro-
matopsia not to be able to utilize color information.
Some of Web pages have drawbacks for them due to
its ill color scheme. In the case of a protanope, red may
be confused with black or dark gray. If a Web page has
red characters on black background, a protanope takes
them as if there were black or dark gray characters
against black background, and encounters difficulties in
navigation. 

2 Method

An illegible Web page to a dyschromatopsia is convert-
ed into a legible Web page by a CGI (Common Gate-
way Interface) program on a server as shown in Fig.1.
As this program is on the Internet, the conversion ser-
vice is available anywhere as far as the terminal is con-
nected to the network. The program is written in Perl
(Practical Extraction and Report Language), and it gives
the following three functions:
• color scheme manual conversion which converts

color schemes of characters and backgrounds into
another color scheme,

• simulation of color appearance for dyschromatop-
sia, so that a person with normal vision can under-
stand the problems through pseudo experiences,
and 

• color scheme automatic conversion so that a dys-
chromatopsia may navigate Web pages with a pre-
set color conversion table

A color consists of the three primary colors: red, green
and blue. In the case of protanopia, red seems black or
dark gray, because red-sensitive pigment is missing.
The protanope perceive, therefore, colors mainly with
two other sensitive pigments for green and blue.
In HTML (HyperText Markup Language), any color is
expressed with RGB value represented by the three
sets of two hexadecimal figures for red, green and blue.
A RGB value, “#FF 00 00” means red for a person with
normal vision, but it would mean “#00 00 00” (black) for

a protanope if red-sensitive pigment is completely defi-
cient. A color scheme conversion program converts
character colors, background colors and link colors into
a legible color scheme by modifying green and blue val-
ues considering red value. This may be done by a color
scheme automatic conversion program written in Perl.
If this automatic conversion cannot improve the color
appearance, the color scheme manual conversion pro-
gram may be used as alternative method. This program
is written in JavaScript: substituting colors may be cho-
sen from a pull-down menu on the display and tested
interactively. Moreover, if an image for hyperlink in-
cludes an ALT attribute message, the program displays
the message itself; otherwise it displays the linked file
name.

3 Results

A page legible to a person with normal vision is shown
in Fig. 2. The same page may seem to a protanope as
shown in Fig. 3, where link color (“Main Menu”) is dif-
ficult to distinguish from its background color.
After the color scheme conversion, it becomes easier
to distinguish link colors from background colors as
shown in Fig. 4. If, even after the color conversion, a
Web page is still illegible, character colors, background
colors and link colors may be substituted manually to
get a satisfactory result as Fig. 5 shows how a substi-
tuting color is selected on the display.

Figure 1: CGI program for conversion
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4 Conclusions

In this paper, a software program is presented which
converts color schemes of Web pages for the dyschro-
matopsia, mainly for the dichromat. The program has
three functions: automatic and manual color scheme
conversions and simulation of color appearance. This
program may be useful not only for dyschromatopsia,
but also for persons with normal vision who need to
test if Web pages have some drawbacks for color defi-
cit people through the simulation.
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Figure 2: How a Web page seems to a normal person

Figure 3: How the same page as Figure 2 seems to a
protanope

Figure 4: How a protanope see after color scheme con-
version

Figure 5: Color select
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ABSTRACT

It becomes important to keep a good relationship between human and robots as well as between human in
daily life. If an emotional motion (emotion-reflecting motion) is understood both by human and robots, it will
improve the relation between them. In this paper, the features of a motion such as holding out an object to
others with three kinds of emotion: friendly, angry and neutral (no emotion), are studied. Features of the mo-
tion have been characterized by analyzing the movements of the object with 3D motion capture, then the re-
lationship between emotion and motion has been studied. Five characteristic kinematic parameters have
been found: the time required for the motion, the height of trajectory, the end-velocity and so on. The rela-
tions between the emotions expressed by operators and the impressions acquired by observers have also
been compared. Through this study, it is expected to understand which kinematic parameters of human mo-
tion make observers feel emotions and also to implement such parameters in movements of assistive robots
for better daily services.

1 Introduction 

It is expected that robots provide various assistive ser-
vices in our daily life in the near future. Good communi-
cations between human and robots are necessary to as-
sure stressless use of assistive robots. If assistive ro-
bots could express any emotion through their motion, it
would improve the relation between human and robots,
and they could have a lot of means for better communi-
cations. In this paper, human motions are analyzed by
3D motion capture, with different kinds of emotion:
friendly, angry and neutral (no emotion). Features for
each emotion are extracted. These motions are also re-
corded on VTR tape and the recorded images are evalu-
ated by observers. Relations between emotions ex-
pressed by operators and impressions acquired by ob-
servers are compared to study the differences in emo-
tion between operators and observers. Kinematic
parameters are proposed which can generate emotion-
al motions for robots.

2 Experiment

2.1 Experiment 1: Measurement experiment 

of the motion

An operator holds out an object reflecting each of the
three emotions: friendly, angry and neutral (no emo-
tion). These motions were measured by 3D motion cap-
ture, Quick MAG IV (OKK Inc.), with four points at the
object and wrist, elbow and shoulder of the right arm.
The object was made of woods (5 x 5 x 10 [cm]). Oper-
ators were requested to handle the object in the sagittal
plane by right hand only. No instructions were, howev-
er, given about the degree of intensity of emotion. The
operators were 8 males and 6 females of 20-23 year-

old, and all were right-handed. Figure 1 shows 3D-axis
used in the measurement.

2.2 Experiment 2: Subjective evaluation 

experiment

Subjective evaluation experiment was conducted using
images recorded on VTR tape during Experiment 1.
These images were recorded by the camera placed in
front of the subject, where view scope was limited to
torso and arms and not to face to avoid the influence of
facial expression of the operators on the evaluation. For-
ty-two images were recorded; 14 persons’ data of three
kinds of emotion which were reflected by operators.
Images were presented random order. For each imag-
es, observers were requested to give a score of 1 to 5
according to the degree of intensity to each of three
emotions: friendly, angry and neutral. Ten university
students of 20’s year-old participated in this experiment
as observers. 

Figure 1: Operator and 3D-axis
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3 Results

3.1 Experiment 1

Features were extracted from the data of the object to
hold out. They appear in

These are parameters standing for features of motion,
e.g. the speed throughout motion, the courteousness
of the motion for putting down the object and so on.
From one of these parameters; the maximum displace-
ment in Z-axis, i.e. how high the object was lifted up, it
was clarified that a person of friendly emotion lifts up
the object higher than one of neutral emotion. In the
same way, it was found that a person of angry emotion
lifts it up lower than neutral, and trajectory of motion
has a tendency to be flat at this situation.

3.2 Experiment 2

Neutral and angry motions were properly understood by
61.4% and 67.0% of observers, respectively, while
47.5% for friendly motion. As 47.1% of observers took
friendly emotion for neutral, friendly emotion is difficult
to be understood properly only from the motion. Other
additional information such as voice and facial expres-
sion would thus be helpful to express friendly emotion
to others.

4 Discussions

Relation between the emotions expressed by operators
and the impressions acquired by observers has been
compared. Impressions of friendly and angry are affect-
ed by the end-velocity. Observers feel that friendly im-
pression is associated with smaller end-velocity, while
angry impression with larger end-velocity. 
The larger is Zmax, the maximum displacement in Z-ax-
is, the more angry emotion is recognized. This result is,
however, contrary to the feature expressed by opera-
tors of angry emotion. Observers feel angry impression
when the end-velocity becomes large. On the other
hand, operators express angry emotion in lower and flat

trajectory of the object. In this case, although the end-
velocity in Y-axis becomes larger, this may not be recog-
nized by observers as large as it is. 

Inquiries made after the subjective evaluation experi-
ment show that a person feels friendly when the object
is moved slowly, but that too slow movement may
cause to impress him/her neutral or angry.

5 Conclusion

The features of a motion such as holding out an object
to others with three kinds of emotion: friendly, angry
and neutral (no emotion) have been studied. It has been
found that friendly and angry impressions are related to
the end-velocity. 

To make the observers feel friendly, the object must be
lifted up high, moved slowly and put courteously on the
table. To make them feel slightly angry, the end-velocity
is must not be so large, the trajectory must be low and
flat. To present strong angry emotion, the object must
be lifted up high and then struck on the table. 

T [sec]: time required for the motion.

R: time ratio of lift-up and put-down 
((a)and(b) in Fig. 1)

Zmax [mm]: maximum displacement in Z-axis 
(height),

Vymax [mm/sec]: maximum velocity in Y-axis, and

Vf [mm/sec]: end-velocity

Figure 2: Time required for the motion: T

Table 1: Relation between emotions for kinematic pa-
rameters

 Parameter Relationship between emotions

 T Angry < Neutral < Friendly

 R Angry < Neutral < Friendly

 Zmax Neutral < Friendly

 Vymax Friendly < Neutral < Angry

 Vf Friendly < Neutral < Angry
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ABSTRACT

In this paper, psychological influences of personal service robot trajectories on users are studied which may
cause a sense of uneasiness, and alternative trajectories are proposed to reduce such impression. It has
been clarified by experiments that the following trajectories are not suitable for assistive services when the
robot approaches the user's face: in straight line, from overhead of the user, keeping its height at eye-level.
Robot velocity should be neither too fast, nor too slow for such services. Moreover, the robot trajectories are
most suitable when the robot uses smooth trajectory, and moves its hand to the user in an arc of a large cur-
vature. 

1 Introduction

It is expected to use robots as assistive partner in the
near future, due to the shortage of domiciliary careers
and its heavy work. In such cases, as users may feel un-
easiness from its threatening morphology, and unnatu-
ral and jerkily motions, it is important to consider the im-
pressions which the robots made on the users. In this
paper, trajectories of a robot are studied when it serves
an object such to a person in front of it. Using an indus-
trial robot, motions of holding out a small wood block
were carried out in several trajectories and the impres-
sions of users were evaluated through questionnaire.
Trajectories causing a sense of uneasiness are those
approaching straight toward the user. Alternative trajec-
tories are proposed to relieve such impressions.

2 Method of Experiments

2.1 Robot and Subjects

A desktop industrial robot of five degree-of-freedom
was used in the experiments. Four male and one fe-
male university students participated as subjects.

2.2 Method

Various motions were performed by the robot in front of
the subject (Fig. 1). The subjects were requested to
evaluate the motions by semantic differential method
according to the impressions they had; three adjective
pairs of seven-point scale, gentle(1)-fearful(7), safe(1)-
dangerous(7) and pleasant(1)-unpleasant(7). A subject
sat on a chair, 600 [mm] away from the service robot,
and the eye level was as the same height as the robot
shoulder joint. As the full arm length of the robot is 635
[mm], subjects felt that they were in reachable range of
the robot arm. The subjects were requested not to
move the head as far as possible, but no instructions
were given about eye movement. The arm moved with
a velocity of 105 [mm/sec.] at robot hand, and controlled
by a software program on a PC. The subject used ear-

plugs to avoid any effects of operation noises of the ro-
bot.

3 Experiments

3.1 Experiment 1

It has been clarified by pre-experiment that the subject
receives the most fearful, dangerous impressions when
the robot hand approaches oneself. It was studied how
the hand velocity influences on the impression received
by the subjects: the hand approached straight to the
subjects with one of the nine different velocities, and
the impression on the velocity together with the above
mentioned three impressions were evaluated by SD
method as shown in Fig. 2. From this result, the hand
velocity of 105 [mm/sec.] was chosen in the following
experiments, as it is the highest velocity that still gives
moderate impressions.

Figure 1: Environment of experiments
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3.2 Experiment 2

The robot hand moved horizontally in linear trajectory,
the extremities of which were defined by two reference
points of imaginary lattice provided between the sub-
ject and the robot as shown in Fig. 3, where the point 8
is at100 [mm] from the middle point between subject‘s
eyes. The trajectory was chosen at random, but all nine
trajectories were evaluated by each subject. 

Figure 4 shows the results of average evaluation of
each adjective. The trajectory 5 gave the most fearful,
dangerous and unpleasant impression

3.3 Experiment 3

The following trajectories were compared where line-
segment trajectories and arc trajectories were used to
move the hand from the point 11 to the point 8 as
shown in Fig. 5:

The result is shown in Fig. 6. Arc trajectories give less
fearful, less dangerous and less unpleasant impression
than line-segment trajectories. This is because the sub-
ject can estimate the distance between the robot and
oneself better by arc trajectories due to the motion par-
allax. Arc trajectories give more human-like motion than
line segment trajectories. This was also proved by a
questionnaire after the experiment. 

Figure 2: Hand velocity and impressions

_  trajectory 1: points 4 - 1
_  trajectory 2: points 5 - 2
_  trajectory 3: points 6 - 3
_  trajectory 4: points 10 - 7
_  trajectory 5: points 11 - 8
_  trajectory 6: points 12 - 9
_  trajectory 7: points 16 - 13
_  trajectory 8: points 17 - 14
_  trajectory 9: points 18 - 15

Figure 3: 
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Figure 4: Result of Experiment 2

_ trajectory 1: points 11-5-2-8
_ trajectory 2: arc 1
_ trajectory 3: points 11-10-7-8
_ trajectory 4: arc 2
_ trajectory 5: points 11-12-9-2
_ trajectory 6: arc 3
_ trajectory 7: points 11-17-14-8
_ trajectory 8: arc 4
_ trajectory 9: points 11-8

Figure 5: Line-segment trajectories and arc trajectories
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3.4 Experiment 4

In all of the above experiments, the robot hand was
moved in front of the subject‘s face. Based on these re-
sults, a new motion of the robot (holding out a wood
block of 50 x 50 x 100 [mm] to the subject as shown in
Fig. 7), was evaluated in experiment 4. 

Three trajectories were prepared: trajectory 1 is straight
line, while trajectories 2 and 3 are in arc, and all of them
move in X-Y plane, keeping the same height, 900 [mm]
from the floor as that is the level of human motion. As
shown in Fig. 8, trajectories 2 and 3 greatly improved
the impression to the subjects. Trajectory 2 was pre-
ferred because all the subjects were right-handed.

Beside the above experiments, the following remarks
have been made on the motions of the robot:

• too fast or too slow velocity of robot motion causes
uneasiness,

• approaching straight toward the subject‘s eyes
should be avoided, and

• approaching the subject from the direction above
his/her head causes uneasy impression.

On the other hand, the following motions relieve the
uneasy impression:

• approaching the subject in smooth trajectory, and
• approaching the subject in an arc of a large curva-

ture.

4 Conclusion

Psychological effects of personal service robot trajecto-
ries are studied in this paper. Uneasiness is caused by
trajectories with which the robot approaches straight
toward the user‘s eyes or from the direction above the
user‘s head. To relieve this uneasiness, smooth arc tra-
jectories should be employed rather than line-segment-
ed and straight trajectories.

Figure 6: Result of Experiment 3

Figure 7: Three trajectories for holding out an object
(top view)
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ABSTRACT

The goal of this paper is to discuss affective computing in multi-modal interfaces regarding research and real
world applications - “Why do we need affective multi-modal interfaces?” and “What is the relation between
current research and practical use in this field?” 

1 Introduction 

This paper will firstly give some short explanations of
multi-modal interaction and affective computing. Then
some research activities are mentioned. At least, the
real world conditions are shortly discussed, and a way
to realise an emotional interface using state-of-the-art
technology will be shown. 

2 Affective computing

In principle affective computing is to make the user be-
lieve, that his computer has emotions. But more than
this it is to enable computer systems to respond to the
user’s behaviour in an adequate way. 

2.1 What is computer emotion? 

Rosalind W. Picard, one of the leading experts in the
field of affective computing defines for components of
computer emotion (Picard, 2001): 
1. Emotional appearance: giving the system the

appearance of having emotions in order to make it
look natural or credible. 

2. Multiple levels of emotion generation: the machine
exhibits mechanisms to model and activate emo-
tions on different levels (e.g. sub-consciously gen-
erated or reason-generated)

3. Emotional experience: being aware of the personal
emotional state. This can be modelled as a kind of
monitoring and evaluation of the machine’s emo-
tional state, which is a prerequisite for machine
learning. 

4. Mind-body interactions: emotions have an effect on
the physiological situation of humans (e.g. heart
beat rate, skin colour). Some kind of mind-body
interaction may be useful to implement to
machines, for instance in order to signal the immi-
nence of damage to the user. 

2.2 Why do we need affective computing?

Emotional behaviour of machines is not only a feature
“nice-to-have” for animated agents or a basic feature of
toys. Furthermore, it is a way to preserve systems from
damage and to let machines learn. The most interesting
aspect of affective computing in interactive systems
however is, that it is a powerful tool of adaptation to the
user, because it can make the machine interpret the us-
ers emotional responses on the systems actions in or-
der to modify it’s own behaviour in a non-frustrating
way. 

2.3 What do we need to make interaction 

affective?

The ability to recognise a person’s emotion is a key as-
pect of human “emotional intelligence”. Humans often
express emotions in front of computers and interact
with them in a natural and social way (Picard, 2001). For
the interaction between humans and machines to be af-
fective, it is essential that both parts have the ability to
express and to recognise emotions 

Emotion is expressed through a mixture of verbal and
non verbal communication channels such as vocal into-
nation, facial expression, posture, skin colour and tem-
perature. Multi-modal human-computer interfaces use
such different kinds of communication channels in or-
der to interact. Multi-modal interaction requires the abil-
ity of the system to interpret different user input as a
whole and to generate an output using the appropriate
communication channels. That’s why a multi-modal
user interface is an ideal environment for the machine
to recognise and express emotions. 

3 Research in affective computing

Fields of interest include emotion recognition / interpre-
tation and expression / generation in the context of ro-
botics, animated agents, avatars, and user interfaces in
general. A lot of research is done in USA at the M.I.T.,
but we can find activities e.g. in Japan and Germany,
too. Emotion expression is a more easy topic and quite
a few prototypes already exist. Currently, the recogni-
tion of user emotions done on the basis of pattern rec-
ognition and signal processing is in the focus of re-
search. Key questions are, e.g. how to build suitable in-
terfaces equipped with sensors needed to get bodily
signals; which signals are needed and even, what to do
with all these data. Related topics are emotional speech
synthesis (Schröder, 2001) and recognition as well as
recognition and generation of gestures. Researchers
have already obtained some promising results in all
these fields, but the general problem of affective hu-
man machine interaction is still far from being solved. 

4 Affective computing in business 
applications

The technical requirements for affective multi-modal
systems exceed the state-of-the-art-technology. Even if
researchers would supply a model of perfect artificial
emotional behaviour, industry could not use this, be-
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cause we still lack e.g. acceptable emotional synthetic
speech, emotional speech recognition, as well as cheap
and comfortable sensory interfaces. 

4.1 What technology can be used today?

Real world systems may dispose of simplified multi-
modal interfaces, using keyboard input, continuous
speech recognition, dialogue control including speech
generation and interpretation, displays, text-to-speech
systems, pre-recorded speech and animated agents. In-
tegrating emotional control currently makes the com-
puter to have emotional appearance at most. This is not
enough to make user interfaces non-frustrating, but it
may slightly decrease the level of frustration. In the fol-
lowing, an emotion control module for a simple multi-
modal interface is introduced. 

4.2 How to build a real world affective multi 

modal user interface?

The possibility to recognise the user’s emotional state
is limited to the analysis of wording or the frequency of
clicks on certain items.

The user’s emotional state such as happiness, anger or
sadness can be interpreted by simply classifying his
written or spoken input. 

A state machine, representing a set of emotional states
of the system and the state transitions with their corre-
sponding conditions serves as an emotion controller.
The conditions are supplied by the user input, and by
some time behaviour such as how many repetitions of
the same emotional state the system can have. This is
to model something like an “emotional self govern-
ment” of the system. 

Every state transition emits an emotional context which
can be used e.g. to formulate a reason for the system’s
emotional state change. The current emotional state

and context can be used by several modules to gener-
ate an emotional system response, e.g.: 
1. a speech generation module uses this information

to add an emotional phrase to the spoken or writ-
ten utterance generated for the next dialogue step
such as “Oh, I’m sorry about boring you, but can
you please tell me the postal code?”;

5. alternatively, a prompting module selects an appro-
priate pre-recorded system prompt using emotion
information; 

6. an animated agent control module exploits the
results of the emotion control in order to select a
gesture for the agent. 

5 Conclusion

A core benefit of affective computing is to make user
interfaces less frustrating to interact with. State-of-the-
art technology makes it possible to give machines low
level emotional appearance, but there is a lack of possi-
bilities to analyse the user’s emotional state and there-
fore to generate an appropriate system behaviour.
That’s why we find increasing research activities mainly
in the field of emotion recognition. 
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ABSTRACT

Emotions are an important factor in Human-Computer-Interaction. Up to the present day emotion recognition
in HCI implies the use of explicit and intrusive methods, e.g. video cameras or physiological measurements.
We develop a method for the measurement of affective state by means of the standard input devices mouse
and keyboard.

1 Introduction

The ability to recognize, interpret and express emotions
– commonly referred to as “emotional intelligence”
(Goleman, 1995) – plays a key role in human communi-
cation. Several studies could demonstrate that human-
computer interaction follows the same principles, i.e.
that we have an inherent tendency to respond to media
and technical systems in ways that are social and com-
mon in human-human interaction (Reeves & Nass,
1996). In particular HCI interfaces elicit emotions that
the current systems mostly can not attribute to. Hence,
we have a situation with a potential of emotional inter-
action, which currently most applications do not, or can
not respond to.
Since emotions are an integral part of communication,
computers with affect-recognition and expression skills
will allow a more natural and thus improved human-
computer interaction. An affect-recognizing computer
can “learn” during an interaction by associating emo-
tional expressions (like pleasure or displeasure) with its
own behavior, as a kind of reward and punishment (Pi-
card, 2001). The software or system can automatically
adapt to the users needs.
An affective computer-system could detect user frus-
tration and show sympathy for the user and offer assis-
tance, encouragement or comfort. Klein could show
that user frustration levels were significantly lower if as-
sistance was provided (Klein, 1999).
An affective system consists of a recognition and an ex-
pression channel for emotions as well as a processing
unit. This structure is necessary for intelligent emotional
behavior, i.e. recognizing, interpreting and expressing
emotions. This paper will concentrate on the channel of
emotion recognition.
Current computer systems built for research in the field
of affective computing use special input devices like vid-
eo cameras, pressure sensitive mice or physiological

measures. Our project takes another approach exclud-
ing invasive technology and special measurement de-
vices. We aim at measuring affective user-states using
current standard input devices like keyboard and
mouse. Hence, systems can be implemented and used
by a large number of computer-users without the need
of any special devices.

This way it is possible to conduct our experiments in re-
alistic scenarios with real-life implementation. And it
opens up a large pool of possible field tests, e.g. on the
internet.

2 Method

The following is a description of a research method cur-
rently under development. We will first apply and refine
the method in a series of lab experiments, and later
adapt it for web-based field tests.

Our basic hypothesis is that differences in motor func-
tion and behavior of computer users (like tension, coor-
dination, strength, frequency) caused by the affective
state, can be extracted through log-file analysis of the
recorded mouse and keyboard actions.

The affective states of interest in this project are
moods, not emotions. Moods are affective states last-
ing for minutes to hours or even days, whereas emo-
tions only last for seconds to minutes (Fell, 1977). The
user behavior over time is to a greater extent influenced
by the mood of the user than by the emotion. The short
event of a felt emotion is also difficult to distinguish
from other short events: Was the user distracted by the
telephone or is he amazed at what he sees on the
screen?

Moreover, the mood approach enables the recognition
of affective states independent of computer applica-
tions. Specific effects reflecting interaction activities
with a particular software package must be filtered out.
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We chose to use a dimensional approach, describing
mood with the two dimensions “arousal” and “va-
lence”. The continuous scales of these dimensions al-
low an exact localization of the affective state as a point
or an area within the two dimensions. Moods can also
be categorized with terms, like “happy”, “sad” or “frus-
trated”. The dimensional approach prevents confusion
with the a priori definitions of the mood terms (What is,
how is “happy”?), but still the points or areas can be la-
beled for better understanding.
In a first study we want to cover a broad range of affec-
tive states and maximize the mood effects on the pa-
rameters of mouse and keyboard handling. We expect
the greatest differences at the extreme values of the
two dimensions (see Table 1).
As a control condition and baseline measurement
serves a state of neutral arousal and neutral valence.

Table 1: Extremes of the two dimensions arousal and
valence used to describe affective states with associ-
ated terms.

3 Experiment

The experimental setup is a between group design with
mood as independent variable, mouse and keyboard ac-
tivities as dependent variables.
Data is compared between the neutral and the affective
state of the same subject and the difference of both
states is calculated. These calculated differences as
variation from neutral state are compared between the
subjects.

3.1 Procedure

Film Clips (neutral mood): The affective states are
each induced through 15 minutes film clips. The 5 clips
were selected out of 20 possible clips in a preliminary
study as the most effective for our target mood induc-
tion.
In the first part of the experiment, each subject is
watching a film clip to induce a neutral mood (neutral
arousal, neutral valence).
Tasks: The film clip is followed by 2 simple, affectively
neutral tasks. It was difficult to find a task that fulfilled
all the requirements: it has to be affectively neutral, in-
teresting enough for subjects to work on for 15 to 20
minutes without boredom, has to have variations with-
out becoming a new task and the subjects have to pro-

duce keystrokes, mouse clicks and mouse movements
in a natural way.
The first task is to correct a foreign language text (an In-
donesian text) containing differences to a template in
the same language with the correct text. The task is a
simple character matching task as Indonesian is not
known to the subjects. Second task is typing a text pas-
sage in Indonesian from a template.
Questionnaire: After completion of the tasks, the sub-
jects are asked to fill out a questionnaire to assess
mood state. The questionnaire is standardized and can
be evaluated in arousal and valence dimensions on a
continuous scale.
Film Clips (not neutral mood): After a short break, the
subject watches a second movie clip which induces one
of the four affective states (high,high/high,low/low,high/
low,low).
Tasks: The same two neutral tasks with Indonesian text
passages are completed by the subjects.
Questionnaire: The questionnaire has to be filled out
before the experiment ends.

Figure 1: Experimental procedure

During the experiment, keystrokes, mouse clicks and
mouse position are recorded into a log-file. As additional
validation of mood state, the physiological parameters
respiration frequency and skin conductance are mea-
sured with sensors and the data is saved to a log-file.
The answers from the questionnaires and the data from
the tasks are saved to disk as well.

3.2 Analysis

After completion of the experiment, the different affec-
tive states the user experienced can be verified by

State Arousal Valence Terms

a high high sex, action-comedy, 
sport

b high low war, accidents, natural 
disasters

c low high romance, landscapes, 
eating

d low low poverty, disease, funer-
als

n neutral neutral history, physiology, 
plant-life
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means of the results from the questionnaire and the
physiological data. A verification is important since the
effect of the movie clips on the affective state can vary
significantly between subjects.
Different parameters for mouse and keyboard actions
are then calculated, e.g. average keystrokes per time
segment, ratio between number of keystrokes and
number of corrections made, average and maximum
mouse acceleration, number of mouse clicks, ratio be-
tween mouse use and keyboard use, overall time used
and more.
The values of the physiological parameters and the pa-
rameters of motor activity from the neutral affective
state serve as baseline measurements. The values
from the 4 mood states are analyzed relative to the
baseline values to make the results also comparable be-
tween subjects.
In a statistical analysis we want to find a subset of pa-
rameters from the mouse and keyboard log-files, e.g.
average keystrokes combined with mouse acceleration,
which show a significant correlation between affective
state and the use of mouse and keyboard.

4 Discussion

The first step in the development of an adaptive com-
puter system is to find reliable correlations between the
parameters of computer handling and the affective
state.
In a next step, the computation of the relevant parame-
ters in real-time could be achieved. The selection of af-
fective states could be broadened aiming at a system
that implicitly and unobtrusively detects the moods of
its users while the users work with it.
Given that our reductionistic method proves successful,
it would make other affect assessing methods like face
recognition or online mood assessing questionnaires
obsolete, and we would have a simple but effective al-
ternative.
With such a system, usability tests could be more effec-
tive by simultaneous measurement of emotional and

technical parameters. Moreover usability testing would
not be bound to a laboratory anymore but could be per-
formed on the Internet.
If a system knows how its users feel, it can appropriate-
ly react to these moods. It can guide, help, change its
appearance or simply be as unobtrusive as possible.
The problem remains though to develop means of ap-
plying this know-how: Which are the adequate emotion-
al reactions of a system that knows how you feel?
Should a system try to change your mood? How could
it do that?
These are interesting research questions to address
when we (respectively the system) will know your emo-
tional state. Up to date some systems implement the
answers to these questions based on guesses…
A functioning system will make human-computer inter-
action more intuitive, communicating with a computer
will not require special technical skills anymore, be-
cause we can use the same communication skills as in
everyday life.
Guidelines for the use of these new possibilities are
necessary. They pose the problem of invasion into the
privacy of people and it will be necessary to clarify the
willingness of users to reveal their emotions.

5 References

Fell, J. (1977), The Phenomeological Approach to Emotion, in
Candland, D. K., J. P. Fell, E. Keen, A. I. Leshner, R. Plutchik
and R. M. Tarpy, Emotion, Belmont, CA: Wadsworth Publish-
ing Co. 253-285.

Goleman, D. (1995), Emotional Intelligence, Bantam Books,
New York.

Klein, J (1999), Computer Response to User Frustration, The-
sis, MIT Media Lab Technical Report No 480.

Picard, R.W. (2001), What does it mean for a computer to
“have” emotions?, in Trappl, R., Petta, P., Payr, S. (Eds.),
“Emotions in Humans and Artifacts”, MIT Press.

Reeves, B., Nass, C. (1996), The Media Equation. How People
Treat Computers, Television, and New Media Like Real Peo-
ple and Places, Cambridge University Press, Cambridge.



Organisational Maturity of User Orientation in the Product Creation Process      

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

Tom BÖSSER 347

Organisational Maturity of User Orientation in the Product Creation 

Process 

Tom BÖSSER
kea-pro GmbH, Tal, CH-6464 Spiringen, Switzerland, E-mail: tom@bosser.net 

ABSTRACT

Mature industries have stable product creation processes, which rely on implicit knowledge of user and cus-
tomer needs, and include validation procedures to verify the user quality of products. Product development
teams in information and communication technology often have not yet developed these capabilities. It has
been found that the complexities of valid and reliable data collection and interpretation from users and cus-
tomers are often not sufficiently mastered to support effective decision making in the product creation pro-
cess. The assessment of the maturity level is an instrument to guide the development of the specific compe-
tencies, which are needed. The approach used, and the means to improve the capability (i.e. the knowledge,
skills and experience required to manage and carry out the product creation process) will be presented.

1 Introduction: What is the maturity of 
user orientation in the product 
creation process?

Mature industries have developed highly effective and
reliable product creation processes, which permit the
prediction of cost, duration and quality. Examples are
the food or automotive industries, where few products
fail outright and are rejected by the market. The mature
product creation processes and capabilities in these in-
dustries have a solid foundation in industry-specific
knowledge and experience, much of it implicit and not
readily transferable. The immanent knowledge of cus-
tomer and user requirements, and of ergonomic consid-
erations is an important asset in these organizations,
but not always apparent.
Industries, which are either young, or where the prod-
uct spectrum is subject to rapid change, such as the
consumer electronics and the IT industry, are driven by
faster and more radical innovation cycles. Early in inno-
vation cycles product creation is driven by the ability to
produce innovative products at competitive prices and
high quality. When technology is more mature, market
acceptance and user needs drive the PCP. Information
and communication technology (ICT) enable a large
spectrum of technically viable products and services,
but must overcome the acceptance barrier by users and
customers for these products.
Software development in ICT projects is characterized
by severe budget overruns, frequent non-completion of
projects, and quality defects. Approaches to assess and
improve the development process such as the Capabil-
ity Maturity Model (CMM) were put forward to provide
benchmarks to assess and correct this situation in
projects and organizations. The CMM focuses on the
software development process itself. The analogy has
been used to assess the maturity of user orientation in
the PCP. The assessment enables organizations to ana-
lyze their own capabilities, identify strengths and weak-
nesses, and identify areas for process improvement.
Maturity of user-centred product creation describes the
ability of an organization to execute the required and es-

sential processes with an appropriate degree of effi-
ciency, quality and reliability. Maturity is a function of
the knowledge, skills and experience of individuals as
well as organizational competence, i.e. the communica-
tion structure, responsibilities, documented procedures
and the routine in which these processes are carried
out. Higher level of maturity should coincide with better
quality and quality image, cost-effectiveness and com-
petitiveness of an organisation. 

2 Advantages gained from higher 
maturity of user orientation in the 
PCP

A higher level of maturity increases the confidence of
planning and the ability to predict the quality of results
and the resources required. The confidence of custom-
ers relies on the fact that requirements analysis, user
tests and user validation are carried out and reported.
The products and services produced should therefore
correspond to the needs and expectations of custom-
ers. Customers should prefer suppliers with a proven
and mature PCP, and expect lower risk to receive prod-
ucts, which do not correspond to their needs. Produc-
ers with a lower level of maturity can also produce great
results, but there is a much higher risk that they deliver
products with defects.

3 Why is it important for an 
organisation to know its own 
maturity level?

Maturity defines what an organization is able to do reli-
ably and with confidence: A more mature organization
can expect to be competitive and successful, and will
require less management effort to carry out the pro-
cesses routinely.
In contrast, an organisation, which takes on challenging
development tasks where it has insufficient experience
available, will run a considerable risk of failure. New
products include innovation, and especially in the ICT
field the ability to develop new functions is far in excess
of what customers and users are prepared to accept
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and able to use. The ability to predict user acceptance
(which is also an issue of marketing), and to be able to
test whether products meet the expectations of users,
is a great advantage for strategic product planning, and
offers the potential to direct investment towards more
promising products. The major advantage to be gained
is planning security and risk reduction. Management is
responsible both for supporting and installing user cen-
tred PCP procedures, and for using the results and ob-
taining the benefits.

In the VNET5 project a number of large development
projects is analyzed, where innovative ICT products and
services are developed. The aim is to recognize the
most frequent causes for suboptimal integration of user
validation in development projects. It is still often ob-
served that development teams do not carry out any
tests with users, and rely on their own judgement of the
product quality. The results confirm known facts: This is
very often associated with poor quality in other process
aspects, and leads frequently to highly unsatisfactory
project results.

The first condition is that the need for user orientation is
accepted and supported.

Given that the need for user validation is recognized, the
most frequent errors observed so far are

• nsufficient planning: User tests are planned too
late, and do not foresee an adequate ability to
respond to test results (acceptance test instead of
diagnostic product analysis).

• Test and development responsibilities are not suffi-
ciently separated, tests are prejudiced as a conse-
quence, and not meaningful.

• Methods for data collection are inappropriate, sam-
ples of users or experts who assess the product are
not selected appropriately, too few data are avail-
able. Inconclusive results are confusing rather than
definite. 

The consequences are that often a large effort for user
tests does not serve to improve product quality, and ef-
fectively considerable resources and time are lost. Of-
ten much frustration is generated with all participants
due to the recognition of problems, but helplessness re-
garding their solution. The opinion of the experts moni-
toring the projects is that appropriate and competent
planning of user tests and user validation would lead to
a considerable improvement in process efficiency (low-
er cost and higher speed), and would result in improved
product quality. The collection of more data aims at
quantitative results to support these hypotheses.

4 The levels of the maturity of user 
orientation in the PCP

The software CMM defines five levels of maturity,
based on extensive empirical data. The User-Centred
Design (UCD) CMM is still weaker in terms of empirical
validation and conceptual development. UCD maturity
models tend to imply that more user tests and valida-
tion indicate a higher level of maturity. We define matu-

rity on the basis of logical relationships in a process
model of the PCP: Iterative user testing, for example, is
risky in organizations where requirements are not man-
aged. Another difference is the initial level: It has been
observed that development organizations can proceed
entirely without any systematic consideration of user
needs, defining a level of maturity below the initial level
in the CMM. In contrast to software development,
there is no pragmatic concept for an optimized user-
centred PCP. Consequently we consider level 3 as the
highest defined level of maturity, as opposed to 5 in the
Software (SW) CMM.

In the VNET5 project the maturity of teams developing
innovative multimedia and electronic publishing solu-
tions is assessed before and after a coaching process to
improve the user validation in the project. The experi-
ence shows that the most relevant competence for
user validation is the ability to plan and tailor the user
validation process for a specific project. Recognition of
the professional standards for empirical behaviour test-
ing is essential.

In the past 15 years considerable effort was invested to
convince developers in the ICT industry of the value of
user centred design. The acceptance of the need for
user orientation represents the move from level 0 to lev-
el 1 on the maturity scale. The primary goal for most de-
velopment organisations is still the introduction of pro-
cedures, which define level 2 on the maturity scale, i.e.

0 Uninformed

Relevance of user orientation in the PCP is not 
recognized. Insufficient management attention 
and little recognition of user needs characterize 
the PCP.

1 Initial

The need for user tests and user needs analysis 
is recognized and accepted by management. 
There are no responsibilities assigned, no estab-
lished procedures or methods. Actions are ad-
hoc and reactions to problems. Some tasks are 
assigned to persons with insufficient knowledge 
and experience.

2 Repeatable

Rudimentary standardisation is introduced, 
strongly dependent on the knowledge of individu-
als. Procedures are inflexible and only partly able 
to respond to new problems.

3 Defined

A defined, documented and well implemented 
process is established, followed and accepted 
throughout the organization.

Levels 4 and 5: Managed and Optimizing

The higher levels of maturity are defined by 
widely accepted and followed processes, 
which are continuously improved and eventu-
ally optimized. These levels are rarely attained 
in software CMM, and no experience exists 
with these levels in relation to user orientation 
in the PCP. 
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a stable and repeatable process. On this level further
process improvement can strive towards level 3 (a de-
fined process). The process characteristics of higher
maturity levels are not sufficiently defined for user ori-
entation: Neither the precise capabilities needed, nor
the benefits are defined. The danger of bureaucratiza-
tion with negative consequences for creative processes
must be kept in mind. 

The VNET5 consortium has developed resources in-
cluding a handbook, guidelines, checklists and compar-
ative and standardized descriptions of methods and ap-
proaches for user validation. A standardized, tailorable
process model has been defined for user validation. The
resources are widely available (many free of charge to
members of the VNET5 network).

5 Improving user orientation in the PCP

The development of the capability for state-of-the-art
user validation is a learning process in which the entire
organization is involved. The benefit of higher maturity
is better product quality, lower risk of market failure and
lower cost for redesign and support. Management,
marketing and sales, development teams and quality
management are involved. All affected departments
and individuals must participate in an improvement pro-
cess.

The steps of an improvement process are

• the recognition of the need, acceptance, and
assignment of resources for the improvement pro-
cess

• assessment of the status of user orientation with all
affected departments

• agreement on and execution of an improvement
plan

• action and re-assessment.

The role of assessment is both to create the awareness
and understanding for deficits, and to focus the atten-
tion on realistic and specific improvements. The im-
provement process itself is a learning process, which

proceeds, in small steps. For the assessment and the
guidance in the improvement process experienced
mentors are needed who have the experience and au-
thority to guide the process. Typically the improvement
process is carried out in parallel with the execution of
development projects.
We conclude from case studies that three projects
need to be completed successfully to develop a stable
competence in state-of-the-art user testing. Organiza-
tions intending to develop their capability in user valida-
tion should not enter on a self-learning activity. Either
experienced experts must be added to the team, or ex-
ternal coaching should be sought. Considerable cost
and risk may result from a naïve approach to organiza-
tional development in new competence domains. User
testing has the most costly consequences when it oc-
curs too late. The introduction of adequate competence
early in the development process is undoubtedly the
most cost-effective solution. Similar conditions apply
for the integration of ergonomic competence into prod-
uct development processes in general.
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ABSTRACT

Despite efforts by experts in ergonomics and occupational health the reports on negative health effects re-
lated to VDU work are increasing. How can work environment and health aspects be taken into account in a
software development project? Interviews were used to study the attitudes held by software developers to-
wards usability and work environment issues and to investigate who makes the decisions that affect these
issues. The results show that the software developers do not address usability and work environment explic-
itly, the responsibility for usability is unclear and the responsibility for work environment aspects is basically
non-existing.

1 Introduction 

Despite new technologies, new software development
processes and involvement of ergonomics expertise
VDU users still face severe problems concerning usabil-
ity and their work environment. 

The main problems are:

• Computer work often means constrained, static
work postures for long periods of time. 

• Users feel that they have little or no control over
their work and over the "system”. 

• Users suffer from stress, owing to excessive work-
load, time pressure and poorly designed computer
support.

Stress may be caused by organizational factors, result-
ing in excessive workload, time pressure and poor peer
and supervisory relations. Inadequate software may
cause stress, inefficient use and a variety of cognitive
problems, e.g. confusion, lack of overview and memory
overload. The mental workload tends to increase when
new IT-systems are introduced (Aronsson, Dallner,
Åborg 1994).

There are also important stressors directly related to
technology itself, such as technical disruptions, tempo-
rary system breakdowns and unexpected long re-
sponse times (Aronsson, Dallner, Åborg 1994).

Experts in ergonomics and occupational health have
tried hard to counteract the problems, but as the use of
computers has increased also the health concerns and
the reports on negative health effects have increased
(Bergqvist 1993, Punnett & Bergqvist 1997). Obviously
something more is needed! Today’s methods for soft-
ware development are insufficient to prevent work en-
vironment problems leading to somatic and mental
health symptoms among VDU users.

The international standard ISO 9241-11 (ISO 1998) de-
fines usability as

"The extent to which a product can be used by specified
users to achieve specified goals with effectiveness, ef-
ficiency and satisfaction in a specified context of use.”

This definition does not address the full range of occu-
pational health problems. Can usability be seen as a
subset of the work environment area? What types of
work environment aspects can be taken into account in
a software development project? 
The possibilities to incorporate work environment and health
considerations into the software development process are
studied within The National Tax Board and the National Social
Insurance Administration in Sweden in an ongoing project at
Uppsala University.

As one part of the project two interview studies were
conducted.

2 Aim

The aim of the study was to investigate the attitudes
held by software developers towards usability and work
environment issues and to answer the question:  who
makes the decisions that affect these issues?

3 Methods

Semi-structured interviews were used. 
The first study consisted of interviews with five project
members in an ongoing software development project
in one of the organizations. In the second study eight
people involved in software development projects in
the two organizations were interviewed. The respon-
dents were selected to represent a number of roles in a
software development project.

4 Results

The conducted studies were exploratory and all results
and conclusions must be seen as tentative. 
The software developers interviewed in the first study
tended to view usability as the responsibility of some-
body else, in this case the usability designer. Usability
was viewed as something that is "painted on” or put on
by means of a user interface. Other work environment
aspects were not considered at all.
The second study showed that, in reality, usability is-
sues are (unwittingly) addressed by basically everyone
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in a project. User representatives, client representa-
tives, management in the user organization, project
managers and software developers continuously make
decisions at all levels about what services the system
should offer, how these services should be presented
and what data should be available. The decisions do not
address usability and work environment explicitly, de-
spite the fact that the results more often than not affect
these issues. The responsibility for usability is unclear
and vague, and the responsibility for work environment
aspects is basically non-existing.

5 Conclusions

The concept of usability must be complemented to bet-
ter include the extent to which the user can interact
with the software without unnecessary mental and/or
physical effort. 
Usability and work environment should be taken into ac-
count in all types of decisions, including strategic deci-
sions on upper management level. Work environment
issues  should be expressed as goals and requirements
in the start of software development projects.
Effects on work environment and health should be ob-
served in real use of the first deliveries of software
products and remedied in later releases. Software de-
velopment should never be conducted in isolation from
the organization development processes. In order to
properly address work environment issues, experts in
ergonomics and occupational health should be involved
early in software development processes. The respon-

sibility for, and authority to handle, usability and work
environment issues must be clear.

6 Future work

The project is now moving on with scenario building
and design workshops with users and by participating
in, and studying the effects of, the implementation of
new computer systems in the two organizations. 
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ABSTRACT 

This article is the fruit of research that has been developed since the beginning of 2001, in Brazil, more pre-
cisely in Rio de Janeiro, with users of domestic products. This research searches to lift information about us-
ability and quality of products; comfort and users' safety; and consumers' rights and defense. The principal
objective of the work is to identify, through those users' real needs and the way they react to the acting of
the products, a group of subjects and to transform them in a checklist that can aid designers during the devel-
opment of new products and in the redesign of existent ones, considering those consumers' voice as the
center of the project. 

1 Introduction 

In the very beginning of the research, domestic prod-
ucts were treated as a unique class. After the first con-
tacts with female users, some subjects began to define
better the focus of the work, by considering the peculiar
problems of each product and the different levels of
complexity. 
During the research, it became clear that there is an
abyss between the needs and the users' limitations and
the features of some products related to use, under-
standing, memorization, cleaning and safety. 
It was verified, that the analysis would have been done
for two different groups of products: more complex
products, due to its own configuration that hinders the
handling, the cleaning and the safety (pressure cooker,
iron,...) and products with controls and displays that
generate problems that hinder the understanding of the
functions and information and the memorization of the
commands (VCR, mobile phone, microwave...). 
Based on this perception it was decided however that
the investigation would continue approaching the us-
ability, the safety, the human mistake and the consum-
er's rights with two different focuses: the domestic
equipment and the intelligent products. 
However much domestic equipment and electronic ap-
parels seem to be distant of the interfaces of HCI (Hu-
man Computer Interaction) it is believed that intelligent
products are a very important segment in the world of
controls and displays units and that their interfaces with
the users deserves much attention and care when they
are to be developed. 
The interface that these products use is similar, in a
certain way, to that used by other systems as the
computer, automatic teller machine, etc. Besides
their electronic components and chips, the kind of
user interaction with these apparels requires a deep
analysis of the usability closer of the methods used
in the human and computer interaction, different
from others products of daily use. 

For The Smart Products research group of the Universi-
ty of Art and Design Helsinki (http://smart.uiah.fi/home/
mainpage.html, 2001), 

“The smart product is a date processing object, which
have several interactive functions. Its hardware and
software are integrated. A smart product is specialized
in the certain type of data processing and functionality.
Its usage is interactive and demands some cognitive
work. Examples of smart products are mobile phones,
video tape recorders, automatic teller machines and
many sorts of professional electronic products.” 

In agreement with Dumas & Redish (1994) on MO-
RAES & FRISONI (2001), “the usability is an attribute of
the product as an only package–the hardware, the soft-
ware, menus, icons messages, manuals, fast instruc-
tions, helps on line and training–the changes in the tech-
nology unmade the lines among these parts of the prod-
uct, so that it is not more useful to think them as sepa-
rate entities. The line between hardware and software
tends to fade. Products that we thought as machines
became computers. Telephones, televisions and medi-
cal equipment now present display cases or screens
with menus. (...) When designers create new products
they should answer questions as: Which are the best
words and symbols to place in the screen? In what or-
der should I organize them? Is there an appropriate met-
aphor?” 

It is easy to show the necessity of usability, although its
application is the most difficult part of the conception
and development of a product. To point out the mis-
takes of a product that has already been sent to the
shelf of a shopping it can be done by any consumer that
has critical sense, however it falls to the ergodesigners
the mission of anticipating such problems and minimiz-
ing them before the production. And the best form of
verifying the real problems in the users' interaction with
the products is to observe them during the accomplish-
ment of their tasks. The usability tests are great tools
for that. 
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2 Methods and techniques for the 
ergonomic intervention 

The research has begun with the application of semi-
structured interviews with thirty female consumers
whose answers gave data about the most critical and
frequent problems with the use of the domestic daily
products. With that first survey, a list of the products
could be set up and their problems could be divided in
categories as: use difficulty, difficulty of understanding
the information and the commands, difficulty of memo-
rization the commands, excess of functions, difficulty of
cleaning and safety. 

In order to have certainty of the obtained data, a pilot
questionnaire was elaborated starting from the answers
of the interviews that were applied to 13 female con-
sumers. During the data accomplishment and tabula-
tion, it was noticed that some subjects that generated
doubts should be reformulated, because some of them
have similar or confused statements and, even, finger-
ing mistakes. After the correction of the questionnaire it
was applied again to more 115 (a hundred and fifteen)
female consumers. 

The next stage of the research will be an analysis of the
instruction manuals, because they constitute the medi-
ators of the users' interaction with the products and, ac-
cording with the results of the interviews and the ques-
tionnaires, they present the same problems of the prod-
ucts. 

So, to achieve this purpose, a usability test will be ap-
plied using the Heuristic technique. According to Jordan
(1998), the Heuristic technique is an evaluation done by
specialists. In this technique the product is evaluated,
being taken into account the opinion of experts. They in-
vestigate the product based on their own formation, ex-
perience and professional training and they emit a
judgement on the usability resources. Usually, this eval-
uation is accompanied of a conference list whose exe-
cution guarantees that the product will be really useful
and easy of using for the consumer. However, this
checklist can be a little limited in some cases. 

After this evaluation, the tests with the manuals will be
extended to the users in order to get another vision of
the usability and also to observe the difference of the
critiques from the specialists and from the consumers,
and the difference in the vocabulary used to talk about
the same subjects. 

3 Results & Discussion 

In agreement with the data obtained with the inter-
views and the questionnaires, it was verified that, in the
opinion of the consumers, among the appraised intelli-
gent products those that presented more problems
were: VCR, mobile phone, scientific calculator, radio,
answering machine; and even without any consider-
ation in the research computer and printer have ob-
tained high indexes in the results, in most of the require-
ments. 

Most of the users choose the products that they will
buy regarding quality and price. However, its not clear
how they understand quality, because even mark, price
and number of functions of a product are the parame-
ters more used for the choice. But they are contradicto-
ry, because they say that they don't use all the functions
that some products have. 
Consumers affirm that the majority of the products that
they possess assist them well in their needs. Neverthe-
less, when questioned if they have any kind of difficulty
in using the products, a great part says to feel difficulties
to program products and to use and understand some
commands. 

In a very general analysis, in agreement with those
problems, the most problematic products appear in the
following way: 
• Difficulty to use: VCR, mobile phone and micro-

waves 
• Difficulty to comprehend the commands: mobile

phone, radio and VCR
• Difficulty to memorize the commands: VCR, mobile

phone and scientific calculator 
• Difficulty to understanding the information: micro-

waves, mobile phone, VCR 
• Non use of all functions: VCR, mobile phone and

microwaves 
• Difficulty to clean: VCR, radio and microwaves 
Among the mentioned difficulties, cleanness has to be
considered in formal development of those products,
because most of the consumers complains about diffi-
culties to clean certain places of difficult access and
openings that accumulate dirty. Besides, consumers
are afraid to clean electronic products with any kind of
cleaning product because they don't know which of
them is more appropriate .

4 Conclusions 

Concisely, it was evident by listening the consumers'
voice that: 
• here is a great influence of the age in the use diffi-

culty of some products, what was noticed when
analyzing the data for age group; 

• a strong correlation between problems of the prod-
uct itself and problems attributed to its manuals of
instruction. This reinforces the idea that a bad
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project of equipment certainly will contemplate a
bad project of the manual. The users say that they
read the manuals in order to use the product better,
but most of them say that the manuals are written
in a very difficult language, using difficult terms and
so they don't understand the information correctly.
In their own words: "they are confused", "with a lan-
guage very technique" and "without a reasoning
line". 

• in the consumers' understanding, the products
nowadays are much more fragile and, perhaps, it is
due to the weak materials that are used in them or
to shorten the life of the products. So, the consum-
ers have to substitute them earlier. 

• it is noticed that the big number of functions and
pieces in a product can turn it much more difficult
of using, of being understood and little practical. It
is worth to point out that most users says that use
the basic functions of the product and, sometimes,
they forget that there are other functions because
they are joined in the same button that the other. 

• most of the pointed accidents in the research with
those products are accidents that, in there majority,
they are not of physical nature and they are faced
by the users as current and, most of the time,
assumed as the own user's mistake, for not having
used the product correctly. 

It is concluded that the usability of the products is a sub-
ject of great importance in the development of new

products and in the redesign of the existent. It is
through it that one can understand the user's real ex-
pectations related to the product and to eliminate or, at
least, to minimize the difficulties that the user feels, be-
fore having frustrated experiences, or even accidents. 

In fact, this can be done if the project team is attentive
and disposed to work with the methods and necessary
tests to aid the project of the product, before sending it
for the production. The product can be based only in the
feeling of the designer or in his previous experience as
a warranty of a well happened project.

Finally, it is believed to be necessary that the responsi-
ble organs for the user's defense promote understand-
ing campaigns, in order to lighten consumers about
their rights and about the necessity to seek organs of
the consumer's defense to claim the change of prod-
ucts and look for compensations for accidents. 
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ABSTRACT

The interaction between drivers and driver information systems has to be as uncomplicated and fast as pos-
sible since the main task for the driver is to drive. It is therefore necessary to design human-machine inter-
faces, that make easy and safe interactions possible. However, the increasing globalization of product mar-
kets make it necessary to take into account cultural differences when developing a human-machine-inter-
face. For this reason, cultural peculiarities and intercultural differences have to be identified and investigated.
In the present study we examined if there are any cultural differences between Japan and Germany with re-
gard to the evaluation of different navigation-systems. Provisional results show that Japanese and German
nationals evaluate navigation-systems differently and that there are intercultural differences which influence
the purchasing of information-systems.

1 Introduction

1.1 Driver Information Systems

Driver Information Systems (DIS) in vehicles provide in-
formation about the vehicle, traffic, route and more. The
information provided gets more complex with the in-
creasing number of functions of DIS. 

However not only does the DIS provide information to
the driver, but the driver him/herself feeds information
into the system, for example information about the se-
lected destination, etc. So there is an interaction be-
tween the human and the machine. With regard to as-
pects of safety this interaction should be as usable, sim-
ple and fast as possible. Badly designed human ma-
chine interfaces (HMI) will lead to driver distraction. This
may apply for the use of telephones, media, or naviga-
tion systems.

Apart from safety considerations, DIS should be easy to
use and understand for economic reasons. Most con-
sumers will not purchase a system that satisfies only
the aspect of usefulness but will wait until it offers us-
ability (Norman, 1998). A straightforward way to analyze
a DIS is to examine the interaction between the user
and the system and to ask for his or her  subjective judg-
ment with regard to specific aspects of the DIS.

1.2 Intercultural Differences

Culture is a persistent situational phenomenon that is
manifested through persistent patterns of interaction
with the environment. These persistent patterns of be-
havior include beliefs, values, and mental models. Cul-
tural differences also influence the expectations and
handling of technical systems (e.g. Honold, 2000). For
example in Japan technical support is considered more
important than price. In the USA, however, the price is
a driving force in choosing a system. Also, cultural dif-
ferences in perception caused by phrasing, idioms,
symbolic representations or cultural schemas may lead
to differences with regard to the level of risk communi-
cated by a warning label (e. g. Zühlke & Röse, 2000). 

The aim of this present study is to investigate the inter-
cultural differences involved in the evaluation of in-vehi-
cle information systems. 

2 Comparison of Navigation-systems 
with different input devices

The purpose of our study was to compare navigation-
systems that differ with regard to their input devices.
We were interested in determining if naïve users evalu-
ate these systems differently regarding usability and ac-
ceptance and if there are any intercultural differences in-
volved in the evaluation of these systems. In addition
we investigated the importance of specific factors
when purchasing a DIS. This study was conducted in
Germany, Japan, and the USA (due to delay in the
study, US data has not been available for this publica-
tion).

2.1 Systems

In Germany three navigation-systems were tested: a
Navi-System with rotary/push-button (RPS), a System
with touch screen (TS)  and a radio-navigation system
(RNS). The TS and the RPS-systems were OEM sys-
tems, meaning that the user might purchase them to-
gether with the vehicle. The RNS-system is a 1-DIN af-
ter-market system. This allows the installation in almost
any vehicle. For technical reasons only the TS and RPS
were tested in Japan, so only TS and RPS data will be
published here. 

2.2 Methods of the Study

The general method used in the study was that of as-
sessing first-time use. Naïve users had to solve three
tasks with each of the systems without any help. We
call this method “rental car situation”, because rental
cars often have DIS and drivers should be able to oper-
ate at least the important functions without referring to
a manual or another person instructing.
Two questionnaires were developed that are useful
tools for the evaluation of DIS: A usability questionnaire
that assess the human factors of an information system
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and a questionnaire that investigates whether specific
aspects of an information system are important for the
purchase decision.
The Usability-Questionnaire was  developed by psychol-
ogists, engineers and linguists and takes into account
aspects of the computer world such as style-guides,
etc., for example Schumacher (1995), of the car world
e.g. Campbell, Carney & Kantowitz (1998) and of psy-
chological and ergonomic research e.g. Kebeck, Cieler,
& Pohlmann (1997). The questionnaire was tested in a
number of usability-studies (Rößger & Smyrek,
1999a,b; Rößger & Smyrek, 2000; Rößger, Metternich,
& Smyrek, 2001; Rößger, 2002). Further statistical anal-
yses led to the new version (1.0) of this tool. The Usabil-
ity-Questionnaire 1.0 consists of 53 items, that divide
up into 10 dimensions. These dimensions are self-de-
scriptiveness, expectancy conformity, appropriateness,
consistency, learnability, fault tolerance, sensory com-
ponents, response time, aesthetics and acceptance
(note: some of the names are used in ISO 9241 as well,
although the naming might be similar, the dimensions
have different content). Each item is rated on a four
point rating scale (1=not agree at all – 4=strongly agree). 
The Decision-to-Buy questionnaire asks which aspects
of a system influence the potential purchase of a DIS. It
consists of 50 statements that divide up into 12 dimen-
sions: usefulness, appropriateness, identification, con-
sistency, fault tolerance, sensory components, re-
sponse time, learnability, self-descriptiveness, expect-
ancy conformity, price (for example if the price of the
system is higher than an internal limit of the user) and
aesthetics. The participants have to decide if a given as-
pect would be important when buying a DIS. Each
statement is rated on a four point rating scale.
The authors used parts of a guide-line for semi-struc-
tured interviews that was used in several usability-stud-
ies before. The interview consists of the following ques-
tions: 
• Which of the three systems did you like best?
• Which one did you like least?
• Tell me three things you like most about each sys-

tem.
• Tell me three things you like least about each sys-

tem.

2.3 Procedure

All tools were translated from German into US English.
The work was done interactive between German and
North American Human factors experts. During early
phases of this process, professional translators were in-
cluded. The Japanese version was translated from the
US-English version the same way.
In Germany and Japan each 24 participants took part in
the first study, all of without whom had no prior experi-
ence with navigation-systems The three tasks which
had to be completed using each of the systems whilst
in a stationary car were (example for Germany):
1. Activate the destination guidance to “Hamburg,

Isestrasse 5”.

2. Activate the destination guidance to “Karlsruhe
Winterstrasse, shortest route”.

3. Find out the names of all theatres in Karlsruhe.

No manuals were provided to assist with the comple-
tion of the tasks. The tasks were always given in the
same order and if a task was not completed within a giv-
en timeframe, the task was stopped and the next task
started. One session (consisting of three tasks) lasted
for 20 minutes and there was a break between sessions
of about 15 minutes. The order of systems was permu-
tated across the participants. After each session (i.e. af-
ter each system) the participants completed the usabil-
ity questionnaire. After the last session, participants
filled in the Decision-to-Buy Questionnaire. In Germany
all sessions were video-taped. At the end of the study
there was an interview.

3 Results 

Mean ratings for each system and each dimension
were calculated. Only those dimensions which differed
significantly between these systems (p<0.05) are re-
ported below.

In Germany the RPS obtained good results. Expectation
conformity and self-descriptiveness were rated favor-
ably. Participants appreciated the consistent use of Ger-
man language and the use of familiar and understand-
able words. The response time of the system was also
judged positively. With respect to aesthetics, the partic-
ipants rated the RPS best. The fact that the rotary/push-
button was not labeled as part of the navigation function
received criticism since the participants had to deter-
mine which of the buttons and knobs was the right one
to use. In addition to this, the participants judged the
lack of feedback from the system negatively. As for the
RPS, the response time of the TS was judged very pos-
itively. The mixture of German and English language
and the use of unfamiliar abbreviations in the TS re-
ceived criticism, thus the ratings for self-descriptive-
ness and consistency were lower than for the RPS. The
participants also judged the expectancy conformity neg-
atively as they had to operate both the touch screen and
a hard key to select the Navi-menu. The participants felt
confused about that mixture of input-devices.

For the RNS the consistency of the menu-structure and
interaction principles were judged positively; it was also
rated well for expectation conformity. The participants
rated the ratio between (material) costs and benefits of
the system to be appropriate. However screen size and
readability was judged negatively, especially amongst
the older participants who had difficulties reading the in-
formation on the small screen.

In summary, the RPS got higher ratings than the TS. No-
tably, this advantage for the RPS is not attributable to
the input device but to human factors variables of self-
descriptiveness, consistency and expectation conformi-
ty.

In Japan, however, a quite different picture emerges.
The participants judged the TS the most favorable. In al-
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most all dimensions the TS is rated higher than the RPS.
In particular acceptance, self-descriptiveness, expecta-
tion conformity, appropriateness and fault tolerance got
high ratings. In contrast to the participants in Germany,
the Japanese participants judged the sensory compo-
nents for the TS more positively than for the RPS. For
technical reasons the TS tested in Japan was a CD-Sys-
tem and had longer response times than the RPS,
therefore the Japanese participants judged the re-
sponse time for the RPS more positive than for the TS.
This indicates that the participants answered honestly
and also that the questionnaire is sensible.

Mean ratings for the dimensions in the Decision-to-Buy
questionnaire are shown in Figure 3. As can be seen
clearly, in Germany as well as in Japan, the aspects of
usefulness, appropriateness, consistency and fault tol-
erance were rated most important when buying an in-
formation system. What is striking is the difference be-
tween Germany and Japan with regard to the mean rate
in identification. In Germany, the participants indicated
that identification with the system is not important. In
Japan, the participants found the aspect of identification
very important when buying an information system.
Further differences between Japan and Germany con-
cern the aspects of response time and expectation con-

formity: Both aspects are considered more important in
Japan than in Germany

4 Discussion

The results of the study show clearly that intercultural
differences between Japan and Germany with regard to
the evaluation of different navigation-systems do exist.
In Germany the RPS gets better results than the TS. In
Japan, however, the TS is more accepted than the RPS.
The ratings in some dimensions of our usability-ques-
tionnaire reveal that menu structure, input device and
functionality of the TS satisfies the expectations and be-
havior of the Japanese participants better than the RPS. 

The analysis of the Decision-to-Buy-Questionnaire re-
veals another important aspect that should be taken
into account: identification. The Japanese participants
rated the aspect of identification very important when
purchasing an information system. (From empirical
studies it is known that the Japanese consider their cars
as living-rooms rather than as a useful means of trans-
port; see Honold, 2000). In Germany, however, this di-
mension gets the lowest but one rating. Maybe the Jap-
anese participants identified themselves more with the
TS that is a Japanese system than with the RPS which
is a German System. 

Besides these differences there are some common fea-
tures regarding the aspects of buying an information-
system. The participants of both countries considered
the aspects of usefulness, appropriateness and fault tol-
erance very important when purchasing an information
system. Both countries judge the aspect of appearance
(aesthetics) least important, though one must not forget
that all results are based on subjective data. 

5 Conclusion

The results of the study show that cultural influences
need to be considered when developing information
systems. Despite the increasing globalization of product
markets, the global user does not exist!  This makes
great demands on the development of driver-informa-

Figure 1:  Mean ratings of the 10 dimensions of the
usability questionnaire for the Rotary/Push-Button in
Germany and Japan

Figure 2: Mean ratings of the 10 dimensions of the
usability questionnaire for the Touch Screen in Ger-
many and Japan

Figure 3: Japanese and German mean ratings for each
of the 12 dimensions of the Decision-to-Buy question-
naire.
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tion-systems. In the future it will no longer be sufficient
just to “translate” an information system into a different
language. Instead, cultural differences with regard to
expectations, behavior and handling will be a major as-
pect to consider when developing technical systems.
Further investigations are therefore necessary to ana-
lyze cultural peculiarities. 
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ABSTRACT

Three state-of-the-art mobile phones (Nokia 3210, Siemens C35i and Motorola Timeport P7389) were com-
pared respectively to their usability. The independent variables were the complexity of menu (depth and
width of menu levels) and navigation keys (number and functionality). 60 subjects were instructed to use dif-
ferent functions of the mobile phones which were presented twice (in order to measure learnability). The re-
sults are comprising. First, there were clear differences between the mobile phones in regard to their effec-
tivity and efficiency. The best performance was found by Nokia users. The remaining two mobile phones did
not differ significantly, although the Motorola seemed to be slightly superior to the Siemens phone which had
the lowest overall performance of the three.

1 Introduction

The market for mobile phones has exponentially in-
creased over the last years and is now one of the most
competitive branches of the technical industry. Mobile
phones are ubiquitous, their value and relevance in to-
day’s world is enormous and will continuously gain im-
portance when the UMTS standard is introduced world-
wide (Brown et al., 2001). Users criteria for selecting a
mobile phone are influenced by weight and size, the
presence of specific functions (e.g. WAP), optic fea-
tures (e.g. color, design) or social values (e.g. price,
brand). However, from an ergonomic point of view, it is
crucial if and to what extent a phone allows a simple
fast and easy use, accompanied by a high transparency
of functions and a high learnability. Learnability is con-
cerned with features of the man-machine interaction
that allow users to understand how to use a specific de-
vice and how to keep the performance level constant.
The simplicity of use and the learnability of an interac-
tive dialogue is affected by several factors (e.g. Dix et
al., 1998; Jordan et al. 1996 Norman, 1990). Users
should be able to determine the effect of future actions
based on their past interaction history (predictability).
The experience should be transferred to other comput-
er related tasks when interacting with a new system (fa-
miliarity). Moreover, the generalizability (transfer of
knowledge of a specific to similar interactions) and the
consistency (the use of univocal naming or use of keys)
is of interest. Although all factors are thought to have a
combined effect on the usability for successful operat-
ing in menu driven systems, two factors were focused
in the present study. One was the complexity of the
menu (i.e. the depth and width of menu levels) and, sec-
ondly, the complexity of navigation keys (“yes”/“no”,
“clear”, “enter” and up/down key for scrolling through
menus and lists). Three mobile phones (Nokia 3210; Si-
emens C35i; Motorola Timeport P7389) were selected
differing in these two factors. 

2 Method

2.1 Experimental Variables

The two independent variables were the complexity of
menu structure and navigation keys (Table 1). The Nokia
phone had the smallest complexity in both, menu struc-
ture and navigation keys, the Motorola the most com-
plex one, with the Siemens ranging between both. 

Dependent variables were
• measures of effectiveness (task solving [%] and

learnability (task solving pattern in both trials).
• measures of effectivity (solution time [sec], the fre-

quency of detours (misleading paths), the fre-
quency of returns to previous levels in hierarchy
and the frequency of operations indicating that sub-
jects got lost in the menu (using # and *).

In order to analyze effectivity and efficiency, user ac-
tions were recorded (user protocols). Due to the record-
ing procedure, the frequency, the time, the type of but-
tons used and the navigational route were able to be re-
constructed.

2.2 Subjects

60 subjects, aged between 22-35 years, took part in the
experiment. The subjects were randomly assigned to
either the Nokia group, the Siemens or to the Motorola
group (20 subjects/group). The subjects showed no dif-
ferences regarding their experiences and attitudes to-
wards the use of technical devices.

Table 1: Complexity of menu and navigation keys 

Mobile Phone Nokia Siemens Motorola

Menu structure 
(mean of menu lev-
els necessary to 
solve all tasks)

Simple
(2.8)

Medium
(3.4)

Complex
(4.0)

Navigation keys (nec-
essary/possible)

Simple
(2.0/2.8)

Medium
(2.6/3.8)

Complex
(2.8/4.2)
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2.3 Tasks

Six different telephone tasks had to be solved: 
1. calling a number
2. calling a number from the phone directory,
3. sending a SMS
4. showing/hiding the own number 
5. editing a number in the phone directory,
6. making a call divert.
For each task, a time limit of 3 minutes was set. In order
to assess learnability, the tasks had to be solved twice
and the task solving pattern was analyzed.

2.4 Procedure

The mobile phones were simulated on a computer and
presented on a touch screen (LCD-TFT screen, Iiyama
TXA3841;Touchlogic ELO RS232C). The menu struc-
ture and the navigation keys of the phones were identi-
cal with the real brands. The simulated phones looked
identical, so that the subjects did not know which brand
they were working with. User manuals were not provid-
ed. The order of presentation went from 1- 6 in both tri-
als. 

3 Results

The measures of effectivity and efficiency were ana-
lyzed for all tasks and mobile phones. First, the effectiv-
ity is visualized (Table 2). 

For inferential statistics, user effectivity in the first and
second trial was compared separately. For the first trial,
in Task 3 (sending a SMS), the Motorola and the Sie-
mens had a significantly lower effectivity (F (2,27)=3;
P=0.05) compared to the Nokia. In task 4 (hiding the own
number), another significant difference was found (F
(2,27)=12.3; P<0.05) in the user effectivity, indicating a
lower performance when using a Siemens mobile
phone. In the second trial, the effectivity was signifi-
cantly different in task 2 (calling a number out of the
phone directory), with a disadvantage for the Siemens (F
(2,27)=3.4; P<0.05), in task 3 (sending a SMS) the lowest
effectivity was found in the Motorola group and in task
4 (hiding the own number) the Siemens phone was infe-
rior to the Nokia and the Motorola (F (2,27)=3.4; P<0.05).

As Figure 1 shows, the overall effectivity was best
when using a Nokia phone, followed by Motorola and
Siemens.

The efficiency was analyzed with respect to three mea-
sures (solution time (correct solutions); frequency of de-
tours and returns to previous menus) to get insight in-
formation of the users behavior. In the following, task 2,
3 and 4 were selected for demonstration purposes. In
Table 3, the efficiency in task 2 (calling a person from the
phone directory) is illustrated. On average, Nokia users
were most efficient compared to Siemens and Motoro-
la users.)

The same pattern of results was found when a SMS
had to be sent (Table 4). Again, user’s efficiency was
best within the Nokia group.

Table 5 shows user’s efficiency for task 4 (showing/ hid-
ing the own number). Again, Nokia users showed the
best efficiency, followed by the Motorola. Noticeable,
however, is the performance of the Siemens phone.
The lower achievement can not be linked to the com-
plexity of the menu/navigation keys, but may rather re-
flect a naming problem. In order to hide the own phone
number, users have to navigate through the menu until
they recognize a term that can be associated with the
asked task. As reported by subjects, they were looking
for terms implying “do not send” or “hide my number”.

Table 2: Effectivity measures: correct task solution (%)
in the first and second trial per task

Tasks Nokia Siemens Motorola

1.trial 2.trial 1.trial 2.trial 1.trial 2.trial

Calling a number 95 95 100 100 95 95

Calling/ phone 
directory

100 100 80 85 85 100

Sending a SMS 90 100 60 100 60 85

Showing/hiding 
the own number 

85 90 45 70 100 95

Editing /phone 
directory

90 95 80 95 70 80

Call divert 70 70 80 65 85 75

Figure 1: Percentage of task solving (%).

Table 3: User efficiency in task 2 (1. and 2. trial)

Efficiency Calling/phone directory

Nokia Siemens Motorola

Solution time [sec] 20.8 33.1 38.5

Frequency of detours 12.5 27.6 20.4

Frequency of returns 0.7 2.4 0.8

Table 4: User efficiency in task 3 (1. and 2. tri)al

Efficiency Sending a SMS

Nokia Siemens Motorola

Solution time [sec] 41.2 52.5 66.3

Frequency of detours 15.4 24.7 30

Frequency of returns 2.0 2.0 3.1

Effectivity in all tasks and mobile phones 
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Instead the respective term is “incognito”, although ad-
equate, it fails to be recognized as such by the users.

In addition to the measures of effectivity and efficiency,
it should be useful to consider possible applications that
are not essential for operating a mobile phone, but indi-
cate that users felt lost by solving the different tasks.
The descriptive measure, is the frequency of using “#”
and “*”. Table 6 clearly identifies the advantage of the
Motorola phone, by showing that the keys were used
less frequently (only 24 times by 12 subjects), com-
pared to Nokia (35 times by 12 subjects) and to Sie-
mens (89 times by 16 subjects).

Key size and position can also influence the usability ac-
cording to the users protocols. As an example, one nav-
igational key in the Siemens will be considered
(Figure 2).

The centrally positioned, biggest button with the (green)
receiver sign is eye-catching, although its function is
limited mainly to make and answer a call. Table 3 shows
that this key is used frequently without a specific need
due to the equivocal functional appearance. Its position
and size is misleading and thus highly predestinated to

be confused with the function of “enter” or “confirma-
tion.

4 Discussion

The present study yielded three key results. First, clear
differences between the mobile phones were found.
The highest transparency and learnability was found
within the Nokia group (smallest menu complexity and
easy to use navigation keys performed best). Second,
the analysis of user protocols proved to be a highly pro-
ductive method to differentiate precisely between the
implementation of different applications, of menu
structure, of means and looks of keys. Third, interesting
hints for critical problems with respect to the usability
of mobile phones were detected. For example, do the
terms provoke the necessary associations? Are the
used abbreviations fully understood? Is the semantic ar-
rangement of categories adequate? To what extent
does phone handling depend on different user ages or
expertise?

The ergonomical vulnerability becomes of even greater
importance with the increasing variety of functions. In-
stead of forcing the user to adapt to the technical sys-
tems, an interface should be created which accommo-
dates the users needs.
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Table 5: User efficiency in task 4 (1. and 2. tri)al

Efficiency Hiding the own number

Nokia Siemens Motorola

Solution time [sec] 40.3 71.5 59.5

Frequency of detours 19.9 43.2 35.9

Frequency of returns 2.2 3.8 2.4

Table 6: Frequency of using “# and *” (frequency of
subjects) 

Tasks Use of 

# (hash) / * (asterisks)

Nokia Siemens Motorola

Calling a number -- -- 1 (1)

Calling/ phone directory 3 (1) 13 (3) 4 (1)

Sending a SMS 9 (3) 20 (4) 5 (3)

Hiding the own number 6 (2) 14 (3) 4 (2)

Editing /phone directory 14 (4) 12 (4) 9 (4)

Call divert 3 (2) 30 (2) 1 (1)

Figure 2:  Snapshot of the Siemens (C 35i).

Table 7: Frequency of using “ok” button in the Sie-
mens phone (frequency of subjects)

Task

1 11 (10)

2 56 (10)

3 67 (18)

4 76 (15)

5 24 ( 7)

6 34 ( 7)
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ABSTRACT 

This paper empathizes the interface design for a new control system for freight that was developed during
the process of modernization in a company. In one side, there are managers, intermediate decision levels,
that dialogue with the ergonomists and, on the other side, the operators with their own opinions about the
system. These last ones are rarely asked by the managers about their opinions. The proposed system is con-
figured from the opinions of the operators. Other problems, such as technology transfer and insistence of the
managers about using similar systems obliged that the final project should include some modifications. Any-
way. some ergonomic criteria are obtained

1 Introduction

Sperandio (apud Laville, 1977) defines workload as a
quantitative or qualitative measure of activity level
(mental, sensorial, physiological, etc.) of the operator
that is necessary for the conclusion of a certain work.
Laville (1977) says, complementing: the workload must
be distinguished from the exigencies and constraints of
the task, i.e., the work quantity and quality and the im-
posed limitations.

MORAES (1998) says that we can observe that the op-
erators which develop tasks with hard workload are usu-
ally complaining about physical problems, as pain in the
back, in the neck and visual disturbs. These complaints
are related with the high level of immobility imposed by
the task and also the high mental concentration.

The railroad dispatcher is responsible for the safe move-
ment of the trains through a certain territory (De-
voe,1974). Besides the train control, the dispatcher is
responsible by the coordination of the others users of
that railway, like the maintenance team. The work of
dispatching requires a high level of vigilance during long
periods of time. He also must be prepared to meet a
hard and continuous workload, as track the traffic rush,
and make fast decisions from simultaneous visual and
audible inputs (Popkin,1999).

2 Methods and techniques for the 
ergonomic intervention

One of the ergonomic techniques is the systemic focus-
ing. Some models are proposed for the system in oper-
ation, and so, it is possible define how to obtain the sys-
tem. Montmollin (1970), defines model as a group of el-
ements that reproduce partially other group of ele-
ments, richer, considering this last one as a standard
which that the model is compared.

Firstly some nonsystematic observations were con-
ducted and focused interviews were carried out aiming
the comprehension of the system hierarchy (supersys-
tem and subsystems) considering inputs and outputs,
exigencies constraints, improper results of the system.

After, some behavioral registers were carried out.
Some groups of events were selected, and the frequen-
cy of its occurrence was observed. There were consid-
ered the following activities for behavioral analysis: up-
take of information, actions, oral/ gestures communica-
tions and uptake of information/ actions in general (stim-
ulus-response).

3 The project

From the results of the behavioral registers about up-
take of information it was verified the necessity of a
synoptic panel. This synoptic panel is a fundamental
piece for the work in any part of the railway, once the
operator needs a global vision of the system to “feel
safe” regarding his actions and also allow a more pre-
cise, faster and more efficient decision. This opinion is
the same of the managers, as shown in Figure 1. 

3.1 Conceptual project

While designing the dispatcher workstation it was de-
termined five 17” VDUs considering the biggest section
to be controlled and the screen legibility. It was estab-
lished the focus ratio (105 cm) and the height of alpha-

Figure 1:  Chart of uptake information registers
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numeric characters as recommended by RICHADEAU
(1976) and PHEASANT (1987). The characters sizes var-
ies between 3,5 mm and 7,35 mm.

For controlling the operation chart and operations were
indicated two 21” VDUs, once more considering the
screen legibility. In this case, the focus ratio was 70 cm
and the height of alphanumeric characters used was
that recommended by PHEASANT (1987), from 2,5 mm
to 5,25 mm.

For data input, the project contemplates ergonomical
keybord and mouse. 

The ergonomical studies – behavioral register of the ac-
tivities – confirmed the necessity of synoptic panels us-
age. Anyway, this first proposal was not well-accepted.
It was compared with other “modern” workstations as
that used in Alameda Corridor control center (that oper-
ates two railways in USA), the Burlington Northern San-
ta Fe Railway and Union Pacific Railroad Company. The
synoptic panel was considered unnecessary by the
managers, even though the uptake of information regis-
tered the opposite. 

It is an important observation that even though the man-
agers consider the synoptic panel, they reserved some
space in one of the walls for its installation in the fu-
tures. 

The initial project for the new workstation weas
changed. The five VDUs replacing the synoptic panel
were refused. The managers preferred two screens for
controlling the hole system: the first for the operation
chart, the second, for the railway. 

It was asked for the ergodesigners a new workstation
concept that integrates the synoptic panel and the oper-
ations’ screen, both positioned in the same level, like
the consoles made by the American company Evans
Consoles Inc...

3.2 A new proposition

It was defined for the workstation a sequence of VDUs
framing a horizontal panel, that could assign a general vi-
sion of the part of the railway that the operator is moni-
toring. In these VDUs could be presented information
about the railroad, trains positions, routes and other rel-
evant information. The direct interventions in the trains
movements (turn on/off the traffic lights, routes cancel-
lations, interdictions) can be done by the operators in a
VDU screen that represents the railway.

It was also proposed another VDU in which the dis-
patcher could draw a “circulation graphic" in the same
way as he does presently (but hand made) where he
can verify the train position, schedule, possible cross-
ings with another trains, and plan new routes and
schedules, based on the daily schedule of each train.

For the screen design of this proposed system was also
observed all the actions and needs for the activity of dis-
patching using some kind of representations (like picto-
grams or icons) used in the present system and for the
new functions, already familiar for the dispatchers. It
was also determined the development of a interface in

a familiar computer platform trying to minimize the im-
pacts during the migrations for this new system. Based
in this idea, the use of the keyboard for the actions was
maintained, once it is primarily used in the inputs of the
system in use.

4 Examples

After studying those already existent in the synoptic
panel new ones were proposed for the new interface
project. 
In Table 1, there are some of the new designed sym-
bols, showing the existent symbols and the concept for
each one.

5 Conclusions

Considering the solutions indicated for the representa-
tions and the recommendations based on the behavior-
al registers and the task analysis, and also the necessi-
ties for the proposed system, some guidelines and
screens were presented, which will be the basis of this
project.
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Table 1: Some examples of the proposed symbols for
the new interface

Symbology Existent Proposed

Signals
Automatic
Opened
Closed
Manouvre

Even though some restrictions the main colors were 
maintained representing the signal as a arrow indicating 
the direction observed by the operator. 

Group of 
ways

Does not 
exist

Deviations 
Does not 
exist

Represents parts of the field communication with the 
control center. 

It was aimed a representation that allows the dispatcher 
the real position of the field deviation, reducing his cog-
nitive workload.

Regular

Reverse
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ABSTRACT

A longitudinal study of ergonomic interventions is being conducted in three companies with three study
groups (N=300/group): a control group, a training-only group and chair and training group. A multi-method
data collection strategy is being used, including online computer-aided self-interview (CASI) questionnaires,
onsite ergonomic evaluations, and nested biomechanical studies. The reliability of the self-report and obser-
vational measures will be discussed, including inter-rater reliability. Non-response follow-up and other meth-
odological project results will be presented. 

1 Introduction

While many studies have examined the effect of train-
ing programs on ergonomic knowledge, or heath or per-
formance, few have examined these outcomes collec-
tively and over time (NIOSH, 1998; see Robertson et al,
2002 this volume). Numerous laboratory studies have
examined the health and performance effects of ergo-
nomic chairs; however, few studies have documented
health and productivity benefits in field settings (Karsh
B., et. al., 2001). We have designed and are conducting
a longitudinal study to examine the impact of ergonomic
interventions (training and chair) on both worker health
and productivity. This allows for estimating the return
on investment of both the training and a highly adjust-
able ergonomic chair. In this paper, we describe the
study design and present some methodological find-
ings.

2 Study Design 

The study is a longitudinal pre-post quasi-experimental
design with three groups of 300 office workers: a con-
trol group, a group receiving an office ergonomic train-
ing program, and a group receiving both the ergonomic
training and a highly-adjustable ergonomic chair. The
target population for the study is sedentary office work-
ers who typically spend at least six hours per day sitting
in their office chair, and at least four hours per day com-
puting. In addition, workers must have individual-level
productivity data available through their employer, be
able to complete a questionnaire in English over the In-
ternet at work, and not have filed a Workers’ Compen-
sation claim in the past 3 months. Informed consent
documentation is transferred over the Internet. The Lib-

erty Mutual Research Center for Safety and Health IRC
has approved the study. 
Information serves as an intervention in this study in the
form of a one-day interactive office ergonomics-training
program. It is not ideal to conduct a longitudinal study
with an information intervention at a single worksite be-
cause of the likelihood of communication between the
trained individuals and the controls. Workers are there-
fore not randomly assigned to the study groups. In-
stead, study groups are geographically separated, either
working in separate buildings or floors. This quasi-ex-
perimental design requires pre-intervention measures
of both outcomes and covariates of theoretical impor-
tance to assess any potential between-groups differ-
ences at baseline.

3 Data Collection Methods And 
Outcomes Measures

The Daily Health Diary (DHD)
The DHD is a short (1-minute) CASI questionnaire that
asks workers to rate their current level of pain or dis-
comfort for various areas of the body. The DHD is ad-
ministered in months 1 and 2 pre-intervention, and in
months 2, 6, and 12 post-intervention. Th outcome
measure for the DHD is a single score that summarizes
the overall bodily discomfort level.
The Work Environment and Health Survey (WEH)
The WEH is a long (20-miniute) CASI questionnaire
which asks workers to report comfort, satisfaction,
health, and performance outcomes, as well as basic de-
mographic information, and information on theoretically
important covariates. It is administered once for a given
month, immediately following each week of DHD ad-
ministration. 



An Overview of a Longitudinal Quasi-Experimental Field Study to Evaluate the Effects of an Office Ergonomics Training and a New Chair

Proceedings of the Conference WWDU 2002 World Wide Work - May 22-25, 2002 - Berchtesgaden

366 Ben AMICK, III (1), Michelle Robertson (2), Kelly DeRango (3) Noe Palacios (4), Paul Allie (5), Ted Rooney (6), and Lianna Bazzani

For each outcomes measure administered through the
WEH, we calculated Cronbach’s alphas to assess the in-
ternal reliability of the overall scale. The alphas from
data provided by 173 individuals during the 2-month
baseline administration of the WEH are reported below.
We found that these alphas did not change appreciably
in subsequent administrations of the WEH (data not
shown).
The outcomes measures obtained through the WEH
and their relability include:
Chair comfort, a new 6-item scale that rates how well a
worker’s chair provides comfort for different regions of
his or her body based on the work of Helander and
Zhang (1997) (Robetson & O’Neill, 1999) (alpha=.88);
Chair Satisfaction, a new 2-item scale which measures
how satisfied the worker is with the way the chair fits
his or her body, as well as how satisfied he or she is
with the chair overall.(alpha = .99); Work Role Function-
ing, a 27-item scale that assesses a worker’s perfor-
mance of common job tasks during the past four weeks
(Amick et. al., 2000a). There are five subscales within
the Work Role Functioning measure (alpha = .95), each
assessing functioning within the following dimensions:
Work Scheduling (alpha=.87), Output Demands (alpha=
.91); Mental Demands (alpha =.89); Physical Demands
(alpha=.92); and Social Demands (alpha = .81); SF-36
Pain, a 2-item measure of pain for which US norms exist
(Ware and Sherbourne, 1993); Hand and Wrist Func-
tioning, a 10-item scale that assesses a worker’s ability
to use their hands and wrists (alpha = .90) (Levine et al.,
1993); Lower Back/Leg Functioning, a modified Roland-
Morris 20-item scale that assesses a worker’s ability to
perform various common tasks (alpha = .91) (Roland
and Fairbank, 2000); Upper Back / Neck / Shoulder Func-
tioning, a new measure which uses the same set of
items as the Lower Back / Leg scale (alpha = .83); Knee
Functioning, a new measure which uses the same set
of items as the Lower Back / Leg scale. (alpha = .89);
Environmental Control, a ratio score that measures user
control, knowledge, workspace & chair adjustability
(Robertson & O’Neill, 1999). 
The Rapid Upper Limb Assessment (RULA)
The RULA is an observational tool developed by McAt-
amney and Corlett, 1993, and further refined by Lueder
& Corlett, 1996), intended to assess working postures
and the associated muscular effort and exerting forces
of computer users. RULA is a survey method that al-
lows for a quick assessment of the postures of the
neck, trunk and upper limbs along with muscle function
and the external loads experienced by the body. A cod-
ing system is used to generate four scores: Score A: up-
per arm/wrist/wrist twist, Score B: neck, trunk, legs,
Score C: Score A +muscle and force, Score D: Score B
+ muscle and force scores, Grand Score: Combination
of score C and score D. Each score is calculated for both
the left and right sides of the body. The Grand Score is
based upon the estimated risk of injury due to muscu-
loskeletal loading. The RULA is administered once pre-
intervention and once post-intervention. 

The Office Environment Assessment (OEA) 
The OEA is a new observational tool intended to evalu-
ate the ergonomic configuration of the workspace over-
all and in the context of items within the worker’s con-
trol to change. The overall Appropriate Ergonomic Con-
figuration (AEC) score reflects how many items within
the workspace were appropriately positioned or adjust-
ed relative to the worker’s needs—irrespective of
whether the items could be manipulated in any way by
the worker. The Training Outcome (TO) score is a per-
cent score, composed of the number of appropriately
adjusted items divided by the total number of adjustable
items within the worker’s workspace. The TO score is
a more accurate assessment of the training effect.
The Nonrespondent Follow-Up Survey (NFUS)
The NFUS is a short survey given to people who had
originally enrolled in the study, but did not respond pre-
intervention. This instrument is administered over the
telephone, asking for age, ethnicity, years of education,
hours of computer use at work and at home, hours of
chair use, chair comfort, general health, pain (SF-36), vi-
tality (SF-36), and an open-ended format explain the lack
of participation. This instrument helps identify bias intro-
duced by non-participation.
The Organizational Context Interview (OCI)
The OCI is administered to work unit supervisors, and is
intended to obtain general information about health
practices within a given worksite (Amick et al., 2000b).
The interview is administered once pre-intervention and
once post-intervention. It is intended to measure
whether there is any meaningful variation within and be-
tween organizations and organizational units that may
be accounting for observed differences in health and
productivity.

4 Inter-Rater Reliability for the OEA and 
RULA

When multiple observers are recruited in a longitudinal
study, it is important to confirm that each observer may
validly substitute another during the course of the
study. Inter-rater reliability of the RULA sub-scores and
grand scores, as well as the OEA AEC and TO scores,
was assessed through intraclass correlation coeffi-
cients, with observers treated as a random factor
(Shrout and Fleiss, 1979). We considered an ICC score
of 0.75 to represent adequate reliability among observ-
ers.The RULA reliability examination involved 16 sub-
jects and four trained observers. Each subject was as-
sessed with the RULA instrument at the same time by
all observers. The calculated intraclass correlation coef-
ficients for each RULA sub-scores and grand scores ap-
pear in Table 1 below.
The OEA reliability examination involved the same 16
subjects and four trained observers as in the RULA ex-
amination. Each subject was assessed with the OEA in-
strument at the same time by all observers. The result-
ant intraclass correlation coefficients for the AEC and
TO scores appear in Table 2.
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Table 1: RULA Intraclass Correlation Coefficients

Table 2: OEA Intraclass Correlation Coefficients 

5 Follow-Up of Non-Respondents 

Thirteen persons who originally had volunteered to en-
roll in the study yet were not participating were random-
ly selected to be given the NFUS. Six of the 13 men-
tioned time constraints as a factor leading to their non-
participation; the remainder had miscellaneous explana-
tions such as planning to take maternity leave, unaware-
ness that they were eligible to participate, and personal
tendency to not participate in any study. Respondents
tended to report lower chair comfort, poorer self-rated
health, more pain and less vitality pre-intervention com-
pared to he non-participants (all statistically different, p
< .05 based on t-test.)

6 Discussion

Preliminary results of the study are reported in other pa-
pers submitted for these Proceedings (Robertson et al,
2002, Amick et al, 2002, DeRango et al, 2002). This
study has been carefully designed to maximize validity
while minimizing common sources of bias, such as
small sample size, lack of adjustment for pre-interven-
tion between-groups differences, and a tendency of
persons to react favorably to any intervention simply be-
cause they believe something is being done for them.
Nevertheless certain compromises were necessary in
order to bring the project to the field. There is no chair-
only group, which means that the synergistic potential
of the training with the chair cannot be disentangled
from the effects of the chair alone. We also lack clinical
data on health changes, which limits the interpretation
of our findings to subjective self-assessment. The 2-
item Chair Satisfaction measure yielded a Cronbach’s
alpha of 0.99, which suggests only one of the two ques-
tions in the scale was likely necessary to measure the
concept of workers’ satisfaction with their chairs. Oth-
erwise, our observations of worker-assessed and ob-
server-reported measures indicate acceptable reliability.
The NFUS results suggest that non-respondents are
likely to be healthier and more satisfied with their chairs

than their participating coworkers at baseline. It is not
surprising that participation in a study like this is most
appealing to persons who are experiencing at least
small health-related problems at work, and less appeal-
ing to persons who do not see a value in investing their
time to complete and submit surveys. 
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ABSTRACT

Data on health outcomes and productivity from a longitudinal study of office workers is used to evaluate the
economic consequences of an ergonomics intervention.  Changes in monthly productivity per effective work-
day (eight hours worked) and changes in hours of monthly sick leave are modelled as a function of pain, age,
tenure on the job, and other relevant covariates.  The impact of the ergonomic intervention on changes in re-
ported pain is then quantified in order to calculate the economic impact of intervention. 

1 Introduction

Studies of the impact of health on economic activity typ-
ically focus on wages, earnings and hours worked, but
rarely examine the effect of health on productivity per
se. Currie and Madrian, 1999 provide a detailed review
of the economic literature of health and labor market
outcomes.  While this study estimates the effect of im-
proved health on lost work time (sick leave), it expands
on this existing literature by estimating health-mediated
improvements in productivity for workers who remain
in their jobs.   The general approach used in this paper
is to first estimate the relationship between changes in
pain and changes in both productivity and absenteeism,
and second to estimate the effect of the intervention on
pain.  Thus, variations in pain that are not associated
with the intervention and those variations that are asso-
ciated with the intervention are both used to identify the
extent to which improved health may affect on-the-job
performance.  The second step of our approach then
quantifies how much health improvement can be as-
signed to the intervention in order to fully quantify the
productivity effect. 

Our principal findings are that the ergonomic interven-
tions described in Amick, et al., 2002, and Roberston, et
al., 2002 (in this volume), are associated with substan-
tial changes in pain and productivity but not in absentee-
ism. 

2 Modeling Health-Mediated 
Productivity and Absenteeism  

The participating firm is a government agency charged
with collecting taxes.  The economic evaluation of the
ergonomic intervention is focused on the amount of tax
revenues collected monthly and on the total number of
hours lost to sick leave each month.  There are two rea-
sons to concentrate on monthly tax revenues. First,

conversations with supervisors at this agency revealed
that the primary measure of productivity used to evalu-
ate individual workers is the amount of tax collected.
Second, this quantity corresponds to the economic out-
put of the firm and is easily valued since it is reported in
dollars.  Thus, the researcher is able to directly estimate
the marginal effect of improved health on output and
does not have to resort to indirect methods of valuing
productivity increases such as the human capital meth-
od. DeRango and Franzini (forthcoming) provide a fuller
discussion of the human capital method.  The methods
used to model the amount collected each month as well
as the number of hours lost monthly due to sick leave is
detailed below.
Every month data is collected on the number of hours
worked and the total amount of taxes collected by each
tax collector.  Average daily collections for each month
are then defined as total monthly tax collection divided
by total number of days worked per month.  Total num-
ber of days worked per month is simply total hours
worked (sick leave and vacation time are excluded) di-
vided by eight.  This formulation allows one to distin-
guish improvements in productivity that result from in-
creased efficiency from productivity improvements that
result from increases in the number of hours worked in
a given month.
Using ordinary least squares (OLS) linear regression,
daily tax collections are modeled as a function of 
• demographic characteristics (age and gender), 
• years of education, 
• job position (whether the individual is a collector or

a supervisor, the level of their position and the years
of tenure they have with the tax agency ), and

• health (whether the individual is disabled and a
measure of pain collected for that month).

Two specifications of this general form are reported in
Table 1.  The first variation, found in the second column,
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is a specification in levels for all variables.  Monthly tax
collection amounts are regressed on the monthly pain
indicator.  The second variation, found in the third col-
umn, is a specification in differences for the production
and pain variables but a specification in levels for all the
remaining covariates.  Month-to- month differences in
tax collections is regressed on month-to-month differ-
ences in reported pain and levels of all other control vari-
ables. 

The difference specification is preferred for two rea-
sons.  First, individuals with higher levels of chronic pain
may be able to compensate for this detriment through
other means.  Second, high levels of pain may be asso-
ciated with older, more experienced workers.  To the
extent that there are nonlinearities in the relationship
between experience and production, the coefficient on
pain in a linear specification may suffer from downward
bias.  Nonetheless, both specifications are reported in
Table 1. In both specifications reduced pain is associat-
ed with higher levels of daily production, although only
in the difference specification is this association statisti-
cally significant at the p < or = .05 level.  In general,
these initial findings suggest that a one-point improve-
ment in pain is associated with either $56.70 (difference
specification) or $22.01 (levels specification) in in-
creased daily collections.  Considering that employees
at this agency work on average 18.36 days a month, a
one-point reduction in pain translates into an average
monthly increase in tax collections of either  $56.70 x
18.36 = $1041.01 or $22.01 x 18.36 = $404.10, depend-
ing on the point estimate used to calculate the produc-
tivity effect.

The analysis of the relationship between pain and
monthly sick leave hours is found in Table 2 below.  The
specification is identical to the linear model explaining

variation in monthly reported sick leave and is similar to
the linear model used for average daily tax collections.
Both the level specification and the difference specifica-
tion (in which month-to-month variations in sick leave
are related to month-to-month variations in bodily pain)
are reported.  Neither specification indicates a relation-
ship between bodily pain and hours of sick leave, possi-
bly because most bodily pain is related to chronic condi-
tions whereas most sick leave is taken due to acute
sickness.

3 Differences in Pain

Statistics from the Daily Health Diaries on average pain
in each month for individuals in the control group, the
group that received training only, and the group that re-
ceived both training and a new chair are reported in Ta-
ble 3.   In the Daily Health Diary, each individual is asked
to report their pain levels three times a day—in the
morning, noon, and at the end of the work day for one
week out of the entire month.  Nevertheless, some in-
dividuals fail to provide three reports for each day.
Since pain reports tend to increase over the course of a
day, underreporting can potentially lead to bias in the
calculation of averages if some groups tend to underre-
port scores late in the day while others tend to underre-
port scores from the morning.  To avoid this potential
pitfall, average pain scores are calculated separately for
morning, noon, and evening for each individual.  These

Table 1: Ordinary least squares regression (OLS) of av-
erage daily collections on bodily pain and other rele-
vant covariates. 

Levels Differences

Constant -4171.64**
(1600.28)

-1962.21
(1498.14)

Female 232.01
(308.43)

314.95
(289.28)

Age 15.23
(19.06)

12.81
(17.98)

Tenure 75.36**
(19.36)

0.76
(18.07)

Disabled 1147.40**
(488.86)

598.76
(459.59)

Education 176.03**
(85.61)

85.73
(80.08)

Part-time -1428.24**
(455.57)

-404.12
(428.60)

Collector 2337.86**
(354.19)

426.00
(337.49)

Level -140.48
(142.48)

-84.38
(133.20)

Table 2: OLS of hours of sick leave per month on
bodily pain and other covariates. 

Hours of Sick Leave

Levels Differences

Constant 10.14**
(4.12)

-3.30
(7.32)

Female -0.12
(0.74)

-0.55
(1.35)

Age -0.09**
(0.04)

0.09
(0.08)

Tenure 0.01
(0.05)

-0.05
(0.09)

Disabled 2.98**
(1.07)

4.03*
(2.07)

Education -0.09
(0.23)

-0.01
(0.41)

Part-time -1.74
(1.43)

0.67
(2.46)

Collector 2337.86**
(354.19)

426.00
(337.49)

Level -140.48
(142.48)

-84.38
(133.20)

The second column is a regression of monthly collection lev-
els on monthly pain levels.  The third column is a regression
of month-to- month differences in production on month-to-
month differences in pain.  All the other variables are ex-
pressed in levels in both specifications.  ** indicates signifi-
cance at the p < .05 level, 

* indicates significance at the p < .10 level.
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three averages are then summed and divided by three
to form a single bodily pain score average for that indi-
vidual for a given month.  The results of this aggregation
are also found in Table 3.
For the two months prior to the administration of the er-
gonomics intervention (March and April), pain scores in
the chair and training group were either 1.36 or 2.42
lower than those of the control group.  After the admin-
istration of the intervention, average pain levels for the
chair and training group were 3.68 points lower than
those in the control group.  Depending on whether
March or  April is used as a baseline, the ergonomic in-
tervention of a new chair and training appear to de-
crease reported bodily pain by either 3.68 – 1.36 = 2.32
or 3.68 – 2.42 = 1.36 points.  A formal statistical test of
the effect of the ergonomics intervention on bodily pain
scores will be presented in a future paper.  Neverthe-
less, early indications are that the ergonomic interven-
tion leads to a substantial reduction in pain, albeit one
that at this point may or may not be statistically signifi-
cant.

4 Discussion

This paper provides preliminary evidence that health im-
provements — even ones that do not affect absentee-

ism — may lead to on-the-job productivity improve-
ments.  The provision of training in ergonomics princi-
ples and an ergonomically designed chair is associated
with a substantial increase in average monthly tax col-
lections.  Early indications are that monthly tax collec-
tions increase from a low range of $549.58 per month
[1.36 (pain reduction) x $404.10 (monthly increase in
collections per unit of pain reduction) = $549.58] to
$2415.14 per month [2.32 (pain reduction) x $1041.01
(monthly increase in collections per unit of pain reduc-
tion) = $2415.14].  Given that initial cost calculations
show that the intervention costs close to $1000 per per-
son, the intervention is likely to pay for itself in a very
short period of time. As the study continues and longi-
tudinal health and productivity data are collected, the
sustainability of these effects will be further examined.
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Table 3: Average bodily pain scores.

Ergonomic Interventions March April July

Chair & Training Group 8.15 7.02 4.27

Training Group 8.78 7.13 5.62

Control Group 9.51 9.44 7.95

Chair & Training minus Control 1.36 2.42 3.68
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ABSTRACT

In the Work Environment and Health Study, two primary research hypotheses are that each intervention will
result in reduced musculoskeletal symptom growth over a) the workweek and b) the workday. Among the in-
struments being used to assess health outcomes are a short (1-minute) computer-aided self-interview (online
CASI) Daily Health Diary (DHD). The worker completes this musculoskeletal symptom questionnaire at the
beginning, middle and end of each workday. For the current employer involved in the study, We have found a
significant increase in symptom levels over the workday at baseline (p<0.0001). In contrast, there has been
no evidence of any baseline rise in the level of symptoms over the workweek.   At 2 months post-interven-
tion, analyses show that the chair and training group experiences lower symptom levels over the workday
compared to either the training-only or control group.   There was no group effect pre-intervention.

1 Introduction

While numerous researchers have considered the ef-
fect of ergonomic interventions on reducing average
levels of musculoskeletal injuries in office workers
(Karsh. et al., 2001), we are aware of no research exam-
ining the effect of ergonomic interventions on the base-
line growth of symptoms over the workday or work
week in office workers (Sauter and Swanson, 1996).
The ergonomic interventions implemented in the Work
Environment and Health Study—an ergonomic training
program and an ergonomic chair—are intended to mini-
mize this progressive symptom accumulation.
We hypothesized reduced musculoskeletal symptom
growth over a) the workweek and b) the workday for
workers receiving office ergonomics training and a high-
ly adjustable ergonomic chair, relative to persons in the
training-only and control groups. We further hypothe-
sized that the training-only group would have reduced
symptom growth compared to the control group. In this
paper, trends observed through a short online (CASI)
survey are presented.

2 Methods

The Work Environment and Health Study design is de-
scribed elsewhere in this volume (Amick et al, 2002). In
brief, workers in each of three study groups are asked
to complete online surveys, two months and one
month prior to intervention, then two, six, and twelve
months post-intervention. The three groups are a con-
trol group, a group receiving ergonomic training, and a
group receiving ergonomic training coupled with a high-
ly-adjustable ergonomic chair. In this paper we report

preliminary results from one employer, where approxi-
mately 200 workers are participating in this ongoing
study.   

The DHD is a short (1-minute) online CASI questionnaire
which asks workers to rate their current level of pain or
discomfort for each of nine body areas: the neck, upper
arm, elbows/wrists, lower back/trunk, buttocks/thighs,
and lower leg/ankles/feet. For each body area, the rating
ranges from a scale of 0 (no pain) to 10 (extremely se-
vere); an individual’s raw score at a given time point
may therefore range from 0 to 90. During a given month
of administration, the questionnaire is completed for
three times during the workday (beginning, middle, and
end), and across five consecutive business days—re-
sulting in 15 submitted surveys per individual for a given
month. The DHD is administered in months 1 and 2 pre-
intervention, and in months 2, 6, and 12 post-interven-
tion.   Here, results are presented using data obtained
from two pre-intervention data collection periods and
one post-intervention period.

People who submitted less than 12 (4 full days of) ques-
tionnaires during a given week were asked to try com-
pleting at least 12 the following week. In the first month
of administration, Of the 210 persons submitting sur-
veys in the 1st month of DHD administration, 119 com-
pleted 12 or more questionnaires in the first week and
an additional 32 completed 12 or more in the second
week. Thus, 72% of workers met our target participa-
tion rate the first month. Target participation rates im-
proved to 79% in the 2nd month of administration and
82% in the 3rd.  However, total participation rates did
decline somewhat over time - from 210 participants the
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1st month, to 202 participants the 2nd month, to 193 in
the 3rd.   
Repeated measures ANOVAs were used to analyze dif-
ferences in means between study groups, days of the
week, time of day, and the interaction between group
and time of day. Though ANOVA is a reasonably “ro-
bust” statistical tool, the frequency distribution of raw
symptom scores is so highly skewed as to be inappro-
priate for use with the raw score.   Therefore, the symp-
tom scores were rescaled:   a raw score of 0 remained
0, but a raw score of 1-2 was recoded to 1, 3-5 was re-
coded to 2, 6-9 was recoded to 3, 10-14 was recoded to
4, and 14-90 was recoded to 5 (Figure 1).

These preliminary results are presented without adjust-
ment for important confounders such as age or gender.
All analyses were done using Stata 7.0 (StataCorp,
2001).

3 Results

Table 1 shows the distribution of workers by basic so-
ciodemograhics for the three study groups. The groups
did not vary meaningfully in terms of age, the comput-
ing intensiveness of their job, or the amount of time the

participants spent sitting in their office chairs.   Howev-
er, the control group was composed of an appreciably
higher percentage of women than the other two
groups.

Table 1: Characteristics of the Study Groups

*   The Computing Intensiveness and Office Chair 
Intensiveness is measured on an ordinal scale from 
0-5, where 0 = 0 hours/day and 5 = 9+ hours/day.

Figure 2 shows the pooled average symptom score
data for the first two (pre-intervention) questionnaire ad-
ministrations. The data show a recurring increase in
symptoms over the workday, but no systematic in-
crease in symptoms over the workweek. Repeated-
measures ANOVA showed that neither day of week ef-
fects nor study group effects were significant in either
pre-intervention month; only time of day contributed
significantly to variance (p<0.0001). We did note that
scores from the second month of administration were
consistently slightly lower than those from the first at
every comparable time point. 

Figure 3 shows the results of the examining within- day
differences. Post-intervention (in Month 3), the chair
and training group had a lower level of symptoms
throughout the day compared to either the training-only
or the control groups.   This effect was calculated using
a separate ANOVA model for each day of the week, and
significance or borderline significance was obtained in

Figure 1: Symptom score distributions before and
after rescaling

Study Group

Chair & 
Training

Training-
Only

Control

Mean Age
(SD)

47 
(8.3)

48 
(7.7)

47 
(7.1)

% Male 44% 46% 23%

Mean Office Computing
Intensiveness*(SD)

3.2 
(0.74)

3.0 
(0.77)

3.2 
(0.79)

Mean Office Chair Inten-
siveness* (SD)

3.4
(0.75)

3.4
(0.80)

3.3
(0.81)

Figure 2: Average symptoms scores for the two pre-
intervention questionnaire administrations. 
(The letters B, E, and M refer to the beginning, middle, and
end of the workday, respectively.)
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each run (p = 0.072, 0.005, 0.031, 0.001, 0.005 on Mon-
day-Friday).

4 Discussion

The repeated-measures ANOVA address the level of
self-reported pain and discomfort, and not the actual
growth in these symptoms. However, these prelimi-
nary analyses indicate interesting patterns of symptom
reporting, and strongly support the effectiveness of one
of the two ergonomic interventions we studied—that of
an office ergonomics training coupled with an ergonom-
ic chair. 
As we expected, symptoms at baseline increased over
the workday, on average. Unexpectedly, we found no
indication that symptoms also increase over the work-
week. Thus, on average workers recover overnight to
experience the same progressive increase in symp-
toms as they had the day before.
We noted lower overall levels of reported symptom se-
verity in the second pre-intervention questionnaire ad-
ministration period, relative to the first. It is possible that
there was an underlying effect of the work environment
that caused workers to experience less severe symp-
toms; it is also possible that the decrease could be ex-
plained as a “testing effect,” an artifact not reflecting
true relative discomfort levels per se. With additional
participation from other employers we hope to gain a
more informed interpretation of this observation.

Whether the observed differences between the chair
and training group and the other two groups is due to a
‘honeymoon effect’ or an intended intervention effect
can only be demonstrated with long-term follow-up. In
this study workers are followed up for 12 months post-
intervention. We expect if differences over the day per-
sist at 6 months post-intervention that the observed dif-
ferences could not be attributed to an effect of just get-
ting new equipment (the chair).
However, it will also be important to demonstrate that
the chair does modify the biomechanical and muscu-
loskeletal loads and reduce postural risk to more conclu-
sively assert that the health differences are due to the
intervention.   In other employers we will conduct a se-
ries of nested studies to look at EMG activity and mus-
cle fatigue, biomechanical loads on the spine and mus-
culoskeleteal loads.
Finally, while the effect in Figure 3 is visually clear the
statistical analysis of diary data requires the use of
multi-level modeling as a more definitive test. With the
full sample (300/group) we expect to be able to more
accurately estimate between group effects and to be
able to more robustly test statistical significance.
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ABSTRACT 

The User Centered Design Group employed a macroergonomic process design and evaluated an ergonomic
chair. This model reflects the complexity of how people use and perceive products and how people and orga-
nizations benefit from this improved design. To verify user perceptions, health benefits and cost benefits, the
User Centered Design Group commissioned a study to systematically tease out how users, training and the
product interact. The natural setting in this field experiment is the appropriate context to study the benefits of
this macro user design process. Moreover, the multi-method approach tests the convergence of these di-
verse measurements. The research design goes beyond measuring typical user responses (knowledge, pref-
erence) and extends into behaviors (ergonomic risks, workspace re-arrangement) and organizational conse-
quences (productivity, costs, benefits). Building a research  team from diverse disciplines matches the com-
plexity of the research milieu and addresses concerns shared by systems designers and users. Together, the
field setting, multi-method measurement and experimental control put the assumptions of an ergonomic
user-centered design process to a vigorous test.

1 Introduction 

In a departure from traditional strategies Palacios and
Imada (1998) suggested that designing and developing
office products require a macroergonomic approach.
This broader approach is useful because the multiple
uses of the same product, differing user needs, organi-
zational intent for the products, varying body dimen-
sions, and task requirements pose unique challenges
that traditional design strategies cannot address. De-

sign solutions should be based on musculoskeletal,
physiological and psychological scientific knowledge.
Ultimately, the product’s utility is influenced by technol-
ogy, organizational culture, user needs, and communi-
cation patterns. Finally, the context (the physical envi-
ronment, the economic climate, the organization and
culture) impacts the user's response to product design.
The potential interplay of these factors is illustrated in
Figure 1.

Figure 1: User Centered Design Model, Steelcase Inc.
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Recognizing that products change the work environ-
ment, it becomes important to understand the impact
of the design after its introduction to the market.  This
enables the design and development teams to better
evaluate the effectiveness and value that the product
brings to the end user.  
Getting feedback on how a product performs after intro-
duction to the market is not a new practice.  Numerous
marketing research techniques have been used suc-
cessfully. What is new about this approach is that it
goes beyond how the product is selling to measure end-
user responses, the effects of training and organization-
al outcomes.

2 Methods

Norman (1999) and Nielsen (1993) pointed out the need
for product design teams to better understand user re-
quirements. Leonard and Rayport (1997) further empha-
sized the importance of enhancing the user experience.
This literature points to the need for multi-method anal-
yses and  diverse disciplines to define and analyze end
users core needs.
After successfully developing and introducing an ergo-
nomic chair, the User Centered Design Group em-
barked on a study to verify the products' intended ben-
efits.  This ambitious study set out to measure users’
satisfaction, impact on their health and well being, im-
pact of training and the cost benefit. These measures
taken in the natural setting of the users’ workplace
would provide a stringent test of the intended benefits. 
This approach required assembling a research team
from diverse disciplines to match the complexity of the
research milieu and address concerns shared by sys-
tems designers and users. It involves a rigorous proto-
col and adherence to maintaining the natural setting.

3 Results

The papers in this session present preliminary results
from the study (see Amick et al, Robertson et al, and

DeRango et al). These results are encouraging in verify-
ing the intended benefits of the user centered design
process. User reactions, health benefits and cost bene-
fit analyses support this user centered ergonomic de-
sign process.

From a sponsor’s point of view, these results allow the
design and development teams to verify the impact of
the design principles that were incorporated in the prod-
uct. Further, it provides greater insights on how the
user interacts with the product and suggests what may
be important for future designs.
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 ABSTRACT 

An office ergonomics training program was created using an instructional systems design model. It was hy-
pothesized that the training would impact worker’s office ergonomics knowledge and skills. Moreover, these
effects would translate into behavioral changes, such as rearranging workspaces, adjusting furniture, and
changing computing work habits. A pre/post training knowledge test was administered to all those who at-
tended the training. Observations of participant’s workstation arrangements, chair setups and body postures
were recorded. Results of the pre/post knowledge test revealed significant increases in knowledge about: er-
gonomics, the use of ergonomic workstation and chair features, improvement of body postures, company er-
gonomic practices and company resources. Observational results indicated that the two training groups ex-
hibited higher level behavioral translation, such as rearranging workstations and adjusting chairs, and had
lower musculoskeletal risk factors than the control group. 

1 Introduction 

Office ergonomics interventions contribute to en-
hanced worker health and well-being as well as to orga-
nizational effectiveness. When a successful office ergo-
nomics intervention program is implemented, one of
the many results is an increased ability for the worker to
change his/her work environment, leading to enhanced
individual and organizational effectiveness in several
ways (e.g., O’Neill, 1998; Sauter, Dainoff, & Smith,
1990). 
Research on successful ergonomic safety and health
programs has identified a number of factors that con-
tribute to their success and effectiveness (e.g., Karsh et
al., 2001; Robertson & Robinson, 1995; Robertson &
O’Neill, 1999; Kuorinka & Forcier, 1995). The primary
factors are: a formalized training program where manag-
ers and workers are aware of the training, management
commitment and involvement in the training design and
implementation, worker involvement in the develop-
ment of the program, and communicating and reinforc-
ing the training concepts between supervisors and
workers to solve and address ergonomic issues after
the training. It is particularly important that first-line su-
pervisors and managers become involved in the office
ergonomics program, so that they can become active
participants on a daily basis. All of these factors are in-
terrelated and together they contribute to a work sys-
tem design or macroergonomic perspective (Hendrick,
1994). 
Office ergonomics training programs implemented by
companies incorporating a macroergonomic, systems

approach can demonstrate positive results in minimiz-
ing negative health effects based on financial and indi-
rect costs and improved employee and business unit ef-
fectiveness. However, rarely are office ergonomics pro-
grams evaluated for their effectiveness and even less
often for their cost-effectiveness (Silverstein, 1987;
Kuorinka & Forcier, 1995; Karsh, et al., 2001; Brisson,
Montreuil, & Punnett, 1999). It is important not only to
establish an evaluation plan based on organizational
safety performance measures, but to evaluate the of-
fice ergonomics training program over a period of time.
The measurement process should provide feedback by
generating data on the effects of the change, in order to
direct efforts and behaviors toward the desired out-
comes. 

In this paper we describe the instructional design pro-
cess of developing an office ergonomics training pro-
gram, the evaluation tools used to measure the effec-
tiveness of the training program on workers’ office er-
gonomics knowledge and skills, and the preliminary re-
sults of the training impacts. The overall study design
for the Work Environment and Health Study incorpo-
rates an office ergonomics training program and is de-
scribed elsewhere in this volume (Amick et al., 2002). It
was hypothesized for the two training groups (vs. a con-
trol group), that the training would impact the workers’
office ergonomics knowledge and skills. Moreover,
these effects would translate into behavioral changes,
for example: re-arranging workspaces, adjusting furni-
ture and accessories, and changing computing work
habits. 
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2 Methods

2.1 Instructional Systems Design

To create the office ergonomic training we used an in-
structional model based on a systems approach. This
model consists of five processes: 1) Analysis, 2) De-
sign, 3) Development, 4) Implementation, and 5) Evalu-
ation (Knirk & Gustafson, 1986). This process includes:
1) conducting a needs analysis, 2) setting goals and de-
fining training objectives, 3) developing and implement-
ing the training program, involving end users and/or sub-
ject matter experts, 4) measuring the effects of the
training, and 5) providing feedback to the instructional
designers. 

2.2 Analysis: Organization and Trainee 

Analyses

In the analysis phase we collaborated with and inter-
viewed the company’s corporate ergonomist to identify
existing related office health and ergonomics training
programs and reviewed who had been trained in the
study workforce. This allowed us to establish a baseline
of prior knowledge of the study participants and to de-
termine the training objectives. 

2.3 Design: Setting training goals and 

objectives

With the results of the training needs analysis, we cus-
tomized the design of the training program to support
the organizational culture, existing health and ergonom-
ics programs and policies. Based on earlier developed
office ergonomics training and the needs analysis, we
then determined the goals and objectives of the training
(Robertson & Robinson, 1995; Larson, 1996). The goals
of the training were defined as: 1) understand office er-
gonomic principles, 2) perform ergonomic self-evalua-
tion of workspace and 3) adjust and rearrange one’s
own workspace. Nine training instructional objectives
were specified, including: recognizing work-related
musculoskeletal disorders and risk factors, understand-
ing the importance of varying work postures, knowing
how to rearrange the workstation to maximize the
“comfort zone”, recognizing and understanding visual
issues in the office environment and reducing visual dis-
comfort, understanding computing habits (rest breaks)
and knowing how in to change work-rest patterns, be-
ing aware of the company’s existing health and ergo-
nomic programs, and knowing how to obtain ergonomic
accessories through the company’s programs. For each
objective an appropriate presentation strategy and me-
dia characteristic were determined. Overall, the training
was designed to incorporate active adult learning mod-
els, which allow for a high level of interaction among the
trainers and trainees. 

We designed e-mail messages that provided feedback
to the trainees on the results of the knowledge tests,
and served as reminders of the office ergonomics prin-
ciples. These messages were sent to the trainees at
one and three months post-training. 

2.4 Develop: Training Materials and 

Handbook

We developed several training materials including: a fa-
cilitators handbook, a computer ergonomic guidelines
(“Ergo-Guidelines”) handout with recommendations
and solutions. The primary media presentation included
power point slides, an “Office Ergonomics Today” vid-
eo, demonstrations, and pictures of various trainee’s
computer workspaces. Also, each trainee brought their
own office chair to the training and learned how to ap-
propriately adjust their chair. Group exercises and
break-outs were designed as part of the training. These
activities consisted of having the trainees conduct ergo-
nomic assessments of several computer workspaces
and provide recommendations. Debriefing of these
group exercises was led by the co-facilitators and perti-
nent feedback was given to the trainees. One of the
strengths of this training program was having the train-
ees share similar experiences related to the computer
workspace. 

2.5 Implement: Delivering the Training

After developing the training materials, we piloted the
training and evaluation materials including the pre/post
knowledge tests. As a result of the testing, we revised
and modified some of the training materials and the in-
structional sequence to meet the training time limit.
Two co-facilitators delivered the training at various com-
pany sites and the training lasted for 1 hour and 45 min-
utes. An introduction to the training was given by a su-
pervisor and all supervisors attended the training. 

2.6 Evaluate: Assessing the Training 

Effectiveness

Based on a five level training evaluation framework, we
evaluated the training effectiveness (Knirk & Gustafson,
1986; Kirkpatrick, 1979; Robertson, 1998). These five
levels included: 1) Baseline Assessment, prior to train-
ing, 2) Trainee reaction, 3) Learning, 4) Performance (be-
havioral changes), and 5) Organizational results (produc-
tivity). The preliminary results of the three levels of the
training evaluation, including: pre/post training knowl-
edge tests, trainee’s reaction to the workshop (useful-
ness, value, and relevance), and their behavioral chang-
es are presented in this paper. The behavioral changes
were observed by conducting post-training evaluations
of trainee’s workstation arrangements, chair setups (Of-
fice Environment Assessment) and body postures (Rap-
id Upper Limb Assessment). The description of these
observational methods and the inter-rater reliability are
described elsewhere in this volume (Amick et al., 2002).
Also, reported in Kelly et al., (2002, this volume) are the
training effects on productivity and the cost-benefit
analysis. 

3 Results

Participants found the training to be beneficial as report-
ed on the post-training evaluation questionnaire by ei-
ther strongly agreeing (64%) or agreeing (36%). Train-
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ees' responses to the question, “Will they be able to ap-
ply this information to their job” yielded 63% strongly
agreeing and 37% agreeing. Results of the pre/post
knowledge test revealed significant increases in knowl-
edge about: office ergonomics, the use of ergonomic
workstation and chair features, improvement of body
postures, company ergonomic practices and company
resources. 

Observational results indicated that the two training
groups exhibited a higher level behavioral translation.
For example, these participants made appropriate
changes to rearranging their workstations, adjusting
their chair and other ergonomic accessories (e.g., key-
board trays, document holder, monitor placement with
adjustable risers) as compared to the control group. The
observed body postures of the trained participants re-
vealed lower musculoskeletal risk factors, as indicated
by RULA sub-scores and grand scores, than the control
group. 

4 Discussion

According to the results, the increased knowledge and
skills of the participants regarding office ergonomics al-
lowed the workers to appropriately change and adjust
their workstation and chair setup. The trained groups er-
gonomically adjusted their workstation and chair to re-
duce non-neutral postures requiring less muscular ef-
fort and exerting forces as indicated by lower RULA
scores. Thus, with these acceptable working postures
there is the potential to reduce muscle fatigue. Due to
the lack of pre-intervention inter-rater reliability, differ-
ences in measuring change pre and post are prevented
(see Amick, et al., 2002 in this volume). Additional anal-
yses are needed to test the association between the
observational data with the symptom and health data as
reported in Amick, et al. (2002, this volume). The eco-
nomics of the training effects on health and productivity
need to be robustly examined and tested. As the study
continues and longitudinal health and productivity data
are collected, further testing of the training effects and
sustainability will be examined.
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