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ABSTRACT 

The intention of this paper is twofold: first the concepts ”usability” and ”interactivity” are discussed in a
framework of a theory of online communication, whereas online communication is defined as non-linear, hy-
pertextual and multimodal. In the light of this approach interactivity in human-computer-communication is de-
fined as a kind of ”as-if-interactivity”. And secondly the paper presents empirical results of several studies in
audience research on internet communication. The more dimensional research design combines different
methods including thinking aloud method, moderated online interaction with free surfing and problem solv-
ing, hypertextual pre-analysis, and questionnaires. This qualitative approach guarantees highly user-centred
results, which can answer questions on how, why and with what intentions users are taking part in online
communication. The focus of this empirical research lies on online newspapers, online programs of tv- and ra-
dio stations and on e-business platforms. The empirical data prove, that a user who is communicating on an
internet platform – be it a learning system, an e-business-platform or an online-newspaper – implies that he
acts with the online program as if it was a real partner in a face-to-face-interaction. Another result of testing
these different kinds of websites is that, although internet is a new media, we already can find standardiza-
tion and prototyping in a high degree. Under the aspect of usability and user orientation and in the light of the
empirical results the basic principle of web design should not be innovation but standardization.

1  Dimensions of Usability

Although usability meanwhile has become a buzzword
in human-computer-communication we do not find
many theoretical and conceptual approaches to that
topic. What we can find plentiful are endless lists of us-
ability aspects, which show less hierarchy, less system
or coherence. And we find much less efforts to deal
with questions of usability within a theoretical and em-
pirical framework – apart from the research of the om-
nipresent Jakob Nielsen. In this presentation I would
like to do both: to accomplish a theoretical and concep-
tual foundation of ”Usability” and to present some em-
pirical results from audience research in Internet com-
munication.

We should keep in mind, that usability is not a univalent
concept –like for example length, height and weight -
but a trivalent concept: A thing X is usable for a specific
person Y under the aspect of Z. To deal with usability
therefore presupposes, that we have to consider three
perspectives:

First the perspective of the object, whose usability we
want to measure. In the case of online communication
that means, that we need a theory of hypertext, multi-
modal discourse and non-linear-communication, be-
cause these are relevant aspects of this specific form of
communication.

Second the perspective of the user: usability is the re-
sult of a judgment and therefore relative to a user and
his knowledge, his competence and his intentions.

Third the perspective of usage: what is usable for one
reason must not be usable for another reason. So us-

ability depends on the purposes the judged object is
supposed serve. 

One can combine these three perspectives on usability
if one tries to define usability with the help of the con-
cept of interactivity: as usability interactivity is also a
trivalent concept with a very similar structure. In an ear-
lier publication of Jakob Nielson, we find a definition of
usability which points to the direction: ”Usability applies
to all aspects of a system with which a human might in-
teract” (Nielsen 1993, 25).

2 Usability and Interactivity

Similar to the concept of usability the concept of inter-
activity has become a buzzword in human-computer-
communication. Its use is so inflationary that some-
times even a cigarette machine seems to be interactive.
The different approaches to disambiguate the concept
of interactivity roughly speaking can be divided into two
groups: members of the first group try to define interac-
tivity technically, what leads to a rather wide concept.
Members of the second group define interactivity on
the basis of sociological or psychological theories. Cru-
cial for these definitions is the idea of reciprocity: If it is
the case that A interacts with B then that implies that B
interacts with A. As this definition does not fit to human-
computer-interaction representatives of the latter group
normally argue against using the term ”interactivity” for
this kind of communication an try to restrict it to human-
human-interaction. To escape this dilemma I will try to
define interactivity and usability based on action theory
and a theory of problem solving in a hypertext environ-
ment. Within this perspective interactivity in human
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computer communication is defined as a kind of ”as-if-
activity”: a user who is communicating for example on
an internet platform – be it a learning system, an e-busi-
ness-platform or an online-newspaper – implies that he
acts with the online program as if it was a real partner in
a face-to-face-interaction. Especially the thinking aloud
procedure provides a lot of evidence for this kind of as-
if-interaction. The utterances and the behaviour of the
user show that interaction in human-computer-commu-
nication is not virtual but that it is a natural implication,
with real consequences for the acquirement of web-
sites. 

3 Usability and Problem-solving

Besides the concept of interactivity the concept of us-
ability is defined on the basis of problem solving in a hy-
pertext environment. The common feature of all inter-
net content is the nonlinear hypertext- or hypermedia
structure. Browsing in a hypertext means that the user
has to solve the following typical problems:
• the problem of entrance: Is the page relevant, inter-

esting for me and what can I select?
• the problem of navigation: Where can I go to and

how to manage? 
• the problem of orientation: Where did I come from

and where am I? 
• the problem of coherence: What has this page to

do with the preceding ones?
• the problem of framing: Which parts of a page form

a functional unity and which parts serve different
functions on different levels of structure?

These types of problems of online communication form
a good basis for systematic research on the one hand
and for defining aspects of usability on the other hand:
The more a website enables a user to solve the named
types of problems the higher the usability of that web-
site. From that we can deduce the most central dimen-
sions of quality for evaluating a nonlinear hypertextual
program: coherence – on the macro and the micro level,
clarity, orientation quality, navigation quality and open-
up quality.
The typology of problems is not only of theoretical inter-
est but is used as a starting point for empirical usability
research. It provides an orientation of what features of
a website are relevant for usability research and it pro-
vides standards as to what degree a website fulfils cri-
teria of usability. So the data of the empirical research
can be analysed in two ways: they can be analysed for
building up a theory of media reception including a bet-
ter understanding of usability and interactivity. And the
data can be analyzed in respect to an evaluation of a
website: to what degree does it fulfil the criteria of us-
ability.

4 More dimensional empirical 
Approach to Usability

4.1 Methods and Testing design

An adequate strategy for empirical research, which tries
to generate user-centred data, is to follow qualitative
methods. Data from quantitative methods like counting
click rate or page views, log file analysis, standardized
questionnaires for users or experts only generate sec-
ondary data, from which one has to deduce hypothesis
about the how and why of using an online program. The
following approach combines different qualitative meth-
ods and could therefore generate primary data on how,
why and to which result website is used. The empirical
results which are presented are based on tests with
about 150 users, each one tested between 60 and 90
minutes. (Test set-up see figure 1)

The websites for audience research were different
kinds of online newspapers, e-business sites, informa-
tion sites of television and radio stations. The procedure
for the test persons was a mixture of free surfing and
solving some retrieval tasks so that a quite natural situ-
ation of online communication was modelled. The
methodological design of the test combines the follow-
ing methods: 
a pre-analysis of the site to specify the most relevant or
most problematic parts 
• a moderated testing session of 60 to 90 minutes

during which the test person can explore the site in
a free surfing style and has to solve some specific
tasks

• the thinking aloud procedure
• video and audio documentation of the test person
• the digital documentation of the visited sites and

the navigation actions of the test person
• questionnaire or interview at the beginning and at

the end of the session.
Starting point for the analysis is a videotape which com-
bines the digital documentation of the web navigation,
the video documentation and the audio documentation
of the thinking aloud utterances (see figure 2).
This kind of research design guaranties primary data
and direct access to the human-computer-interaction.

Figure 1: Test set-up for online audience research 
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Findings in usability can be deduced from a wide range
of different indicators: action indicators (curser moves,
navigation actions like scrolling or clicking), utterance in-
dicators (comments from the thinking aloud method),
behavioural indicators (mimic and gesture, signals of
surprise and of being asked too much of), problem solv-
ing indicator (scrolling, back navigation, repeated read-
ing). The interplay of these different indicators allows
highly reliable assumptions on the reception of online
programs and of course guarantees highly user-centred
results for questions of usability. 

4.2 Results and Conclusions

First the empirical data show that using online pro-
grams is indeed a case of ”as-if-interaction”. Utteranc-
es of the test person, their actions, their difficulties and
the corresponding strategies to solve them show clear-
ly that acting on an internet platform is indeed inter-act-
ing with an implied partner on the assumption that he
re-acts on what the test person is doing.
Second, results of the empirical research prove a tight
interrelation between knowledge or competence on the
side of the user and their navigation strategy. Especially
knowledge of the structure of an online program - on a
micro and a macro level – proves as a central factor of
the chosen problem solving strategies.
Third, On the level of exploring a single website – for
example the entering page – as well as on the level of
navigating from page to page one can observe patterns
and rules, which guide the actions of the test person. Al-
though internet is a new media, we already can find
standardization and prototyping in a high degree. Users
try to build up special ”scripts” to have standard solu-
tions for the above mentioned typical problems of

browsing in non-linear, hypertextual and multimodal
communications. A script – in the words of Schank and
Abelson (1977, 41) ”is a predetermined, stereotyped
sequence of actions, that defines a well-known situa-
tion”.

Fourth, the consequences of the results may not be
the most joyous for creative webdesigners: Under the
aspect of usability and user orientation and in the light
of the empirical results the basic principle of web design
should not be innovation but standardization. For most
of the users the new media is full of surprise so that it
is more economical to meet their ”scripts” than to
present them another surprise. The more similar a web-
site is to this prototype the higher the usability rating by
the audience in the reported tests. That must no be the
end of creativity in web design. But each deviation from
the standard form must be reasonable and understand-
able from the point of view of the audience.

Fifth: There is a strong correlation between usability
and trust. The higher the usability of a website and the
acquaintance with it, the more trustworthy a website is.
We can see online communication as highly disembed-
ded in the sense of Anthony Giddens which means ”the
lifting out of social relations from local contexts of inter-
action and their restructuring across indefinite span of
time-space” (Giddens 1990, 21) Especially for these
forms of communication trust is a crucial feature to
compensate the risk of communicative failure.

5 References

Bucher, Hans-Jürgen (2001), Von der Verständlichkeit zur Us-
ability. Rezeptionsbefunde zur Nutzung von Online-Medien,
Osnabrücker Beiträge zur Sprachtheorie 63, pp. 45-66.

Bucher, Hans-Jürgen (2001), Wie interaktiv sind die neuen
Medien? Grundlagen einer Theorie der Rezeption nicht-linea-
rer Medien. In: Bucher, Hans-Jürgen, Püschel, Ulrich (Eds.),
“Die Zeitung zwischen Print und Digitalisierung”, Westdeut-
scher Verlag. Wiesbaden, pp. 139-171.

Bucher, Hans-Jürgen, Barth, Christof (1998), Rezeptionsmus-
ter der Online-Kommunikation. Empiri-sche Studie zur Nut-
zung der Internetangebote von Rundfunkanstalten und Zeitun-
gen, Media Perspektiven, 10, pp. 517-523.

Giddens, A. (1990), The Consequences of Modernity, Stand-
ford University Press, Stanford.

Nielsen, Jacob (1993), Usability Engineering. AP Professional,
Boston, San Diego, New York.

Nielsen, Jacob (2000) Designing web usability: The practice of
simplicity, New Riders Publishing, Indianapolis.

Schank, R. C. / Abelson, R., P. (1977), Scripts, plans, goals and
understanding. An inquiry into human knowledge structures.
Lawrence Earlbaum Ass., Hillsdale.

Figure 2: Screenshot of the video documentation 
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ABSTRACT

While the usability of interactive systems is getting increasing attention, the designing engineer has to evalu-
ate the specifications and implementations of the developed system. To support these evaluation throughout
all phases of the whole development process the tool TREVIS is being implemented and will be described in
this paper. Based on the GOMS-theory TREVIS uses formal, normative models to predict measures to esti-
mate the usability of the examined system. It supports the engineer with building these models either manu-
ally or automatically and analyses these models as well as empirical obtained action logs. 

1 Introduction

Today, usability engineering of interactive systems is
getting increasing attention. In general usability is deter-
mined by testing prototypes. The disadvantage of this
approach is that these tests can be undertook only in
late stages of development process. An early analysis
of usability would be a significant advantage with regard
to saving time and resources (Kraiss, 1995). Further-
more an early analysis has to generate meaningful mea-
sures, like predictions of the execution and learning
time, the complexity and consistency of the given de-
vice. Such robust measures can be obtained by using
the tool Trevis (Tool for Rapid Evaluation of Interactive
Systems), which is presented in this paper. Trevis en-
ables the design engineer to model the behaviour of an
user while interacting with a device and derive usability
measures from this simulation (Marrenbach, 2001). 

2 Usability Evaluation

One method of usability evaluation is a formal evalua-
tion method which can be undertaken in early phases of
system development. This formal evaluation method is
developed by Card, Moran and Newell (1983) and de-
scribes the interactions between a user and an interac-
tive system. It is called GOMS, which is an abbreviation
for the components of the model: Goals, Operators,
Methods and Selection rules. Goals describe the given
tasks, whereas Methods represent the corresponding
subtasks. Operators model the single sensorical, cogni-
tive and motorical actions, the user has to perform to
reach the goal. Selection rules enable the engineer to
model different ways to reach a goal or subgoal. A
GOMS model is also named user model. An analysis
based on GOMS generates qualitative as well as quan-
titative predictions, like execution and learning time (Ki-
eras, 1988). 
The execution time describes the time to reach the goal
whereas the learning time specifies how much time an
operator needs to learn the whole task. In addition, the
consistency of the device, which describes the unifor-
mity of operation, can be analysed. Although the use of
GOMS models is not very complicated (John & Kieras,
1997), it is very tedious to build these models manually.

Hence, a tool is needed, which integrates the GOMS
theory in the development process and supports effi-
ciently creation and analysis of user models. 

3 System Architecture

The tool Trevis (Tool for Rapid Evaluation of Interactive
Systems) supports the evaluation of interactive sys-
tems in various ways. Trevis includes four main mod-
ules, depicted in figure 1 (Hamacher & Marrenbach,
2001):

• Based on task sequences as one result of the
requirements the user models can be created man-
ually in the user model editor. The tool supports this
process e.g. by offering a library for reusing compo-
nents and a graphical editor. In TREVIS a whole
project management is also implemented, where
the project represents the interactive system and
the user models describe the tasks which have to
be done.

• The device model contains details about the inner
works of the device. If a device model was created
in an earlier stage of the development process, the
task sequences can be generated semi-automati-
cally using the device model converter. The user
models can be created also from these sequences.

Figure 1: Architecture of TREVIS 
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Import filters for SDL are implemented (Hamacher
et al, 2002). 

• In the analysis module different analysis are
included, which depend on the development phase,
where TREVIS will be used. These analysis are
described in the next section.

• The user models contain the complete description
of the procedural knowledge that the user has to
know in order to perform tasks using the device.
Hence, a handbook based on the user models can
be created by the handbook generator (Elkerton &
Palmiter, 1991). 

4 Results of the different analyses

The analysis module of TREVIS generates various out-
comes, which depend on the kind of used analysis and
the development phase, TREVIS will be used in. Five dif-
ferent types of analysis are realised and will be de-
scribed in the following subchapters. 
• User Model Analysis

The user model analysis generates qualitative as
well as quantitative predictions, like execution and
learning time (as already described with NGOMSL).
This analysis can be made in early stages of the
development process without a real existing sys-
tem or prototype. 

• Design Analysis

A comparison between different user models is
implemented in the design analysis module, which
can be used as a basis for design decisions. Beside
a suitable representation of the user model analysis
of all included user models, the used operators are
diagrammed for each user model to compare the
actions, which come into operation. 

• Consistency Analysis

Based on several user models, the consistency
analysis compares the reuse of menus and actions
and generates measures about the similarity of
operation (Hamacher & Hähnel, 2001). Operator
sequences in the user model (i.e. methods) are
compared and similarity coefficients are calculated
by the ratio of the number of different operators to
the number of operators in total. Re-usage of simi-
lar operator sequences lead to higher similarity in
using the system and will lead to better similarity
coefficients. Additionally the coefficients are used
to calculate a consistency measure that estimates
the degree of consistency of the entire system.
This analysis can be applied to the full functionality
of a system as well as to parts of a system in which
consistency of functionality is an important
demand.
This analysis also allows to compare either different
designs or several systems of one kind in terms of
consistency. 

• Action-sequence Analysis

In the action-sequence analysis, action sequences
resulting from testing a prototype can be imported
and analysed. A grouping of different sequences is

possible, e.g. to perform an analysis of significance
or an analysis of variance. With this feature, TREVIS

is also applicable in late stages of a development
process. Away from normative models this analysis
allows an estimation of the usability by considering
a prototype and subjects. 

• Goal Analysis

The goal analysis compares these action
sequences with the user models. This analysis
shows the differences between the actions speci-
fied in the user models and the activities, the users
performed while interacting with a prototype. Vari-
ous figures were calculated, e.g. action frequency,
error rates, number of aborted action logs. These
outcomes are displayed in various graphical and
alphanumerical ways. This analysis gives hints
where a system has to be re-designed to improve
the intuitional usage. 

5 Applications

To show the usefulness and the reliability of TREVIS an
evaluation of three mobile phones was undertaken.
Therefore 12 representative tasks (i.e. “calling a num-
ber”, “calling a person by using the phone book”) were
chosen, the corresponding user models were created
and analysed.

Table 1 shows an example of the predicted execution
times calculated by TREVIS as well as execution times
determined by a set of action logs which were generat-
ed by empirical experiments (Ziefle, 2002). These are
the results of the representative task “Switch on the
transmission of the phone number”. 

The predicted execution times and the average execu-
tion times of the action logs vary between 11,38% and
67,07% depending on the distribution of times of the
action logs, which varies intense because action logs of
novices and experts are included. That is why the error
frequency is quite high. 

Table 1: Goal analysis of a representative task on three
mobile phones

Table 2 shows the calculated consistency measures ap-
plied on a selected set of representative tasks. The bet-
ter value of consistency of the Nokia mobile phone in
comparison to the Siemens and Motorola was evaluat-
ed by empirical experiments and reflects the results of
a questionnaire applied to these mobile phones. 

mobile 
phone

Trevis
predicted 

exec. 
time

action 
logs

(average)

empirical 
standard 
deviation

(action 
logs)

variance
(in %)

error 
freq.
(in %)

Nokia
3210

17,81 s 19,84 s 8,63 s 11,38 53,33

Motorola
7350

13,76 s 22,99 s 10,82 s 67,07
115,2

4
Siemens

C35
19,35 s 27,07 s 14,31 s 39,90 73,68
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Table 2: Consistency measure of three mobile phones

6 Summary

This paper presented the tool TREVIS which offers the
possibility to evaluate an interactive system throughout
its development process.
In early stages of the development process user mod-
els, which describe the interactions between an operat-
ing user and an interactive system, are used to analyse
a system’s efficiency and consistency. The designing
engineer is supported in building this models either
manually or semi-automatically from specification data.
By importing action-sequences from interactions with a
prototype, a system can also be evaluated in later phas-
es of the development process. Several analyses based
on both kinds of input data can be performed, i.e. the
comparison between action-sequences and related
user models.
The tool was evaluated with different kinds of inter-ac-
tive systems; results from an evaluation with mobile
phones were presented. TREVIS proved its usefulness
with supporting the developing engineer in evaluating
and re-designing the system throughout the whole de-
velopment process. 
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ABSTRACT

Web-based applications are characterised by a variety of features requiring new approaches of evaluation.
Special characteristics of web applications are the focus on information transfer, the inclusion of broad anon-
ymous user groups, as well as the use of most diverse, even mobile end devices. This article introduces an
evaluation methodology for multidimensional assessment of web-based applications, which integrates in
four significant domains evaluation criteria and measurement procedures. The WebSCORE method facilitates
analyses with variable degree of detail. Expert evaluations, checklists and questionnaires as well as detailed
eye tracking analyses are used to attain a holistic evaluation depending of the application's profile.

1 Introduction 

User-friendly conception and design are key factors for
successful web applications. Especially in the areas of
e-commerce, e-business, e-services and corporate por-
tals, usability becomes a strategic aim as an acceptance
factor and means for higher customer satisfaction and
customer binding. However, the term usability does not
only comprise well-known areas of user interface de-
sign, such as page design and navigation structure, but
also quality and target group suitability of content, inter-
active functional conception or integration into existing
systems as well as analysis of emotional user aspects.

2 Problem

There has not been a standardized procedure so far,
which takes into consideration all relevant criteria of a
user-friendly website to an equal degree. Currently lead-
ing guidelines and textbooks (e.g. Brink et al, 2002;
Nielsen, 1999; Spool et al, 1999) hardly take an holistic
view on web usability. An extensive structured model is
still lacking. Experiences in numerous usability studies
show that merely considering the classic user interface
criteria is not sufficient in ensuring the success of a
website. Especially the elevated significance of success
factors, such as trust and credibility, urges an integrated
evaluation approach requiring additional methods for
the collection of affective action parameters (e.g. Fogg
et al, 2001; Rosenbloom, 2000). This does not only ap-
ply to applications in the e-commerce sector but espe-
cially to corporate intranets whose acceptance by em-
ployees often depends on attitudes and opinions which,
in many cases, are difficult to compile. But especially
these factors, such as the disbelief in the topicality and
completeness of information in the intranet, are, in the
final analysis, the decisive factors in the success of a
website. Also, many decisions with positive as well as
negative effects on the suitability for the task of a web-
site, are made on the strategic level (Zerdick et al,
2001). Therefore, operationally applicable assessment
criteria for the evaluation of purpose and strategy are re-
quired which, e.g., enable a reconciliation of the web-

site provider's intended objectives and the potential
customers' tasks and requirements.

3 Our Approach

Based on this findings, the WebSCORE method meets
the requirements of comparability of website evalua-
tions with a high-resolution criteria raster for the four ba-
sic components of a website evaluation (see figure 1
and figure 2): purpose and strategy, content and func-
tionality, navigation and interaction, as well as media de-
sign and presentation.

These are complemented by the superior areas of secu-
rity, privacy, and technical quality as well as content
management and maintenance. These design criteria
come up against three individual and three socio-eco-
nomic evaluation criteria. The objective of this compari-
son is based on the necessity to analyse each design
criteria from the aspect of each of the six criteria com-
plexes. Therefore, it is reasonable to evaluate the con-
tent of a website not only with respect to cognitive and
perceptive plausibility. Other essential usability aspects
of content design are the suitability for the users’ sys-
tems of values and its motivational and emotional effect
(see figure 3). 
Thus, our reference model provides an integrated ap-
proach for the evaluation of websites. In order to ensure
the comparability of evaluations even beyond different
content areas specific assessment factors are used.
They enable a weighting of particular test parameters
adapted to the individual information target of each
website.

Figure 1: Reference model for website evaluation
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4 Evaluation Methods

Our method inventory comprises a combination of es-
tablished usability engineering methods. Verbalizing
procedures (e.g. questionnaires, interviews, focus
groups, thinking aloud) are used as well as reactive pro-
cedures (e.g. eye tracking, controlled experiments, log-
ging use). The basis for the drawing up of a question-
naire design is, besides ISO 9241, Part 10, mainly the
criteria contained in ISO 14915 “Software ergonomics
for multimedia user interfaces” which is presently be-
ing drafted. For example, semantic differentials serve
as a method for emotional evaluations. These semantic
differentials represent essential ratings of quality and in-
tensity of people's emotional reaction to the appear-
ance of a website. Additional questionnaires and other
methods of attitude measurement permit the assess-
ment of user acceptance and perceived aesthetics of
the website. These data can be matched with a refer-
ence profile which meets the domain-specific require-
ments of the site.

Figure 4 shows the possibility of visualizing the evalua-
tion results in the form of a net interface. This type of
presentation enables a quick overview on the strong
and weak points of a website. It also enables, principal-

ly, to refine the presentation based on the individual
evaluation parameters, e.g., in order to give the web de-
signer crucial tips for the optimization of the website.

5 Conclusions

WebSCORE is a systematic and scientific-based ap-
proach for the evaluation and optimization of web appli-
cations. It is conducive to the efforts of making the eval-
uation of web applications more transparent. At the
same time, it provides an integrated evaluation ap-
proach which takes all relevant influential factors of hu-
man acting and experiencing adequately into consider-
ation. Only by doing this, it can be ensured that the eval-
uation of a website as well as the subsequent redesign
gives a valid presentation of the complex network of ac-
tion and reaction regarding success vs. failure factors
und acceptance vs. rejection factors. The future tasks
lie in the successive refining and empirical validation of
evaluation procedures as well as developing a more ac-
curate scoring model for the four central design dimen-
sions of a website.
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ABSTRACT

Logfile recording is a valuable means for evaluation of point-of-information systems provided that logfiles can
be analysed efficiently. An application for half-automatic evaluation of logfiles having a certain format can be
done using a standard database. This application has been used to evaluate logfiles of different POI systems
in museums. Results of this evaluation have influenced the design of a new type of POI system.

1 Evaluation of POI systems

Companies or institutions operating point-of-informa-
tion systems are interested in how people use the sys-
tem. In order to determine the cost-benefit ratio of such
a system, they have to know whether users actually get
some information from the system, and which. Thus
there are two issues for evaluation of POI systems, us-
ability of the system as a prerequisite and selection of
information as a clue to preferred contents.

1.1 Usability

The quality concept of usability of computer applica-
tions can be divided into the factors effectiveness, effi-
ciency and satisfaction. Effectiveness and efficiency
both normally refer to the user’s task. In POI systems
there is no given task. People using a POI system make
up their goals and intentions by themselves. Whereas
evaluation of office applications concentrates on effec-
tiveness and efficiency, in POI systems we have to give
priority to satisfaction.

Unfortunately, subjective evaluation methods that di-
rectly deal with satisfaction are rather expensive, like in-
terviews and questionnaires, which require a certain
amount of personnel. On the other hand, it is a reason-
able assumption that people won't use a system if they
don't have to unless the use of the system is satisfying
them. That means, the duration of use of a POI system
can be a hint on satisfaction as long as the user doesn’t
have special needs for getting some information like the
time of departure of a train, for example.

The duration of use can be recorded by technical means
like logfiles or video recordings. Such objective meth-
ods may also be used to find out where users have
problems and get stuck. Nevertheless, they require a
certain amount of work to be evaluated. We shall dis-
cuss this further in chapter 2.2.

1.2 Contents

Objective methods like logfiles offer the opportunity to
check which contents are preferred by users. On the
other hand, such methods only do report that a user has
called up a certain screen page, but they don’t tell
whether the user has read the information. Neverthe-
less, the duration of stay on a certain screen page can
be a hint at reading behaviour.

2 Use of logfiles

We used logfiles as one of several means in evaluating
POI systems at the German Salt Museum (Heinecke,
1995). Despite of some limitations they proved to be a
valuable means with a good cost-benefit ratio.

2.1 Advantages and limits

Logfiles show how users actually interact with an appli-
cation. They provide answers to questions concerning
both navigation and content.

Regarding navigation we can get answers to questions
like: Do users use links, or do they prefer turning pages
in sequential order? Do they browse through pages, or
do they search in tables of contents? How often do they
click at locations where there is no means of interac-
tion? By further analysis of the latter question we get
hints at ergonomical improvements of the user inter-
face, too.

Logfiles also provide answers to questions concerning
contents: Which topics are called the most? How long
do users stay at certain pages? Analysis of such topics
shows the users' interests and can be used to make the
system more attractive.

On the other hand, there are several limits. If logfiles in-
dicate a certain duration on a screen page, we don’t
know whether the user has spent this time on reading
the page or on talking to friends. In fact, we even can’t
determine the number of users precisely. It is reason-
able to assume that after a break of more than 60 sec-
onds the next sequence of actions is performed by an-
other user, but continuous sequences of actions may
also have been performed by different users who have
changed on the fly. Nevertheless, we think to have got
a good overview of user behaviour, but this still has to
be proved by additional observations of users.

Logfiles can’t give any hints why people do certain inter-
actions. If this question becomes crucial, there will be a
need for interviews or, at least, questionnaires.

2.2 Practical needs

In order to make practical use of logfiles, analysis of re-
corded data must be easy and should require minimal
amount of personnel. Providers of POI systems should
be able to evaluate the use of their applications by
themselves. 
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Therefore we developed an interactive database appli-
cation for this purpose (Lösse & Stamm, 1999). This
program imports logfile data into a database and pro-
vides several standard evaluations like duration of use
per every single user and in total, number of interactions
per every single user and in total, number of calls and
duration of stay per page and so on. Such standard que-
ries don’t need database knowledge. On the other
hand, special queries can be performed by use of SQL.

The evaluation program assumes that logfile data have
a certain format. We tried to define this format in a most
flexible way in order to allow logfile recording to be inte-
grated in as many POI systems as possible. If standard
authoring systems are used for a POI application, logfile
recording will need about 5 to 10 per cent additional pro-
gramming. Compared to other means of evaluation, log-
file recording thus provides a good cost-benefit ratio.

3 POI systems in museums

POI systems in museums differ from public information
systems in train stations or at tourist information offices
in such a way that the user has no need to use them.
They have to attract the users and to keep them for a
while in order to impart some facts on them which the
providers of the system estimate to be important. If
they are of poor usability or if they don’t match the us-
ers’ interests they will leave them at once.

3.1 Experience of two applications

Applied to the POI systems at the German Salt Muse-
um the program for evaluation of logfiles provided some
interesting results on how visitors use POI systems in
museums in general. For example, we found that most
of the user actions have been pressing the forward but-
ton quite rapidly. The duration of stay per page has been
rather short and the duration of use per visitor as well.
That means, many people just turn some pages and
leave. Nevertheless, there have been many questions
whether the system could be bought on CD-ROM in or-
der to use it at home. This type of behaviour is just the
way we deal with new books to decide whether to buy
and read them or not.

Application specific data concerning actions with no ef-
fect (“errors”) like clicking on objects which aren’t con-
trols gave us some valuable hints at a re-design of the
user interface of one of these applications. We soon
shall compare logfile data of the original version to those
of the re-designed version. A screenshot of the re-de-
signed version of “Lüneburg - a large city around 1600”
is shown in figure 1.

The re-designed version runs as a POI system with a
trackball as input device. It is sold on CD-ROM, too. In
fact, the application has a typical hypermedia structure
of an electronic book with many controls and links. Op-
erated as a POI system it may serve as an appetizer for
the CD-ROM but can hardly impart a few of its many

facts to the users. As a sole POI application it would be
a waste of money.

3.2 Design of a new type of POI system

Based on the experience gained by the applications run-
ning at the German Salt Museum we tried to outline a
new design for POI systems in museums. In order to
overcome the typical browsing behaviour the applica-
tion should have no forward button. In fact, it should
have as few controls as possible. From the museums
point of view the POI application should not dominate
the objects on exhibition. So why shouldn’t the user in-
teract with a real object instead of using a terminal?
Thus we decided to put an engraving underneath a
touch-sensitive plate of glass. Fig. 2 shows the installa-
tion at the Museum of Arts and Cultural History of the
City of Dortmund. The user directly interacts with a map
dating from 1610 (left). Output is projected onto the wall
behind the model of the city (right).

As there is no touchscreen but a physical map for inter-
action, the users can only point at locations of their in-
terest on the map. If this location is one of the 51 ob-
jects which provide information, a screen page with a
caption, an animating question, a short text and two pic-
tures is displayed on the wall (Fig. 2). There is one single

Application “Lüneburg around 1600”

Figure 1: Installation “Dortmund around 1610”
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control beneath the map marked with an i for informa-
tion. Users can switch to a second page for each object
by pressing the i control. The meaning of this control is
explained at the bottom of the output projected onto
the wall. If a user points to a location that contains no in-
formation a message is displayed. In this case the user
gets a display of the map with red circles marking each
touchable object by pressing the i control .

4 Evaluation of “Dortmund around 
1610”

“Dortmund around 1610” was installed in summer
2000. The following chapter gives an overview of logfile
data recorded in the first half year of operation.

4.1 Some results

About 2.000 visitors have used the system. On average
each user performed about 22 interactions and spent
about 5 minutes on the system. About 22,000 times us-
ers selected an object from the map; about 12,000
times they pointed at a location where there was no ob-
ject. About 7,500 times they used the i control, thereof
6,000 times for getting the second page of information
and 1,500 times for getting the information about click-
able objects.

As expected, large and well-known objects like the
main churches have been selected quite often. Differ-
ences between the numbers of selections of each ob-
ject range from 3372 (steeple of St. Reinoldi) to 13
(Beetenstraße, a street which shows no remarkable at-
tributes on the map).

The attractiveness of topics may be measured by the
number of selections of the second page. The frequen-
cy of calls ranges from 18% to 56%. Assumed that not
every user took notice of the fact that there is a second
page to be called by the i control, these are rather high

numbers. It may be an interesting hint at the attitudes
of people using a POI system stating that the objects
with most calls of the second page have been Hinrich-
tungsstätte (site of executions) and Galgen (gallows).
The average duration of stay at a page ranges from 12
to 30 seconds. Second pages generally have longer du-
ration, which indicates that people who are interested in
calling the second page obviously read the text on it.

4.2 Comparison of both designs

At first glance it looks like the average duration of stay
of visitors at the system is slightly higher at “Dortmund
around 1610”. The average duration of stay per page is
higher, too. The average number of actions per visitor is
smaller. These results suggest that visitors make better
use of a system with fewer means of interactions.
Whether the differences are significant will soon be
tested with a larger amount of data.
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ABSTRACT

What are the correlates of trustworthiness in website use? This paper presents an approach to enlighten the
trust concept by correlating the measures of trust with objective and subjective measures of a web usability
test. The subjective experience of joy, frustration and perceived usefulness showed correlations to perceived
trustworthiness, but usability problems did not influence the amount of trust on a semantic differential scale.
On the other hand, the readiness to reveal private information was impaired by navigation and purchase area
problems. 

1 Introduction

The concept of trust is crucial for website providers to
act successfully on a meanwhile overrun market, where
many different competitors strive to make casual users
become customers (Bullinger et al., 2001). Lack of trust
is one of the most important obstacles that prevent on-
line transactions. Nevertheless, it’s not only necessary
for e-commerce sites that people trust on the informa-
tion offered but also for science, news and portal sites.
Although the importance of trustworthiness is clearly
recognised, methods of trust evaluation are still miss-
ing, let alone empirical founded design recommenda-
tions. 

2 Measurement of Trust

Our research group has developed a semantic differen-
tial (Osgood, Suci & Tannenbaum, 1957; cf. Hassenzahl,
2001) in order to examine the underlying factors of a ho-
listic impression of perceived website quality (see fig-
ure 1). After scales construction and data assessment,
three independent factors have been identified consti-
tuting a general notion of system quality. The first fac-
tor, attractiveness, includes adjectives describing fea-
tures of both aesthetics and novelty. The second one is
called ease of use due to the cluster of adjectives indi-
cating the grade of simplicity, clearness, and complexi-
ty. The third factor consists of qualities like secure, re-
sponsible, constant, sound, and is therefore named
trustworthiness.

The semantic differential shows the extent to which us-
ers trust a site. However, it cannot reveal the underlying
reasons (Hassenzahl, 2001). As we want to surpass the
mere insight that a website seems more or less trust-
worthy than another we must understand how trust-
worthiness arises. Our goal is to correlate the subjective
measures of the semantic differential scale to objective
behaviour data of a usability test. Flaws of the website
detected in a test influence as well user behaviour and
subjective ratings. When variations of behaviour corre-
late to differences in website design and to ratings in
trustworthiness, we can draw conclusions which de-
sign factors impact trust.

3 Empirical study

To find more concrete indications of trust or distrust in
interacting with websites, a web usability test was con-
ducted. Eight websites from four different domains
(Shneiderman, 1997) were chosen as test objects (see
table 1).

Two websites were presented to each of the 15 individ-
uals who participated in the study. 
The general Internet experience of the users was con-
trolled: 8 users were Internet experts using the Internet
daily, either professionally or because of intensive lei-
sure interest. The remaining subjects were only casual
users.
Only two of the websites were well known by some
subjects: Amazon and Spiegel. The other sites were
partly non-branded sites completely unknown by the
subjects (Hamburger Kunsthalle, Neues Museum
Nürnberg, Terre des Femmes, Mediantis). Two sites
were branded, i.e. the brand was known but not the
website (Stern, Terre des Hommes).

Figure 1: The three factors with examples of the asso-
ciated pairs of adjectives are shown below each factor
(translated from the German original).

Table 1: Website domains and according websites

Website domain Website

Inform and announce Hamburger Kunsthalle, 
Neues Museum Nürnberg

Sell products Amazon, Mediantis

Create discussions Spiegel, Stern

Nurture communities Terre des Hommes, Terre des Femmes
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3.1 Research topics

• It is supposed that ratings on trustworthiness may
change during the time of interaction. This was
investigated by confronting the subjects with the
semantic differential after the first exploration
phase and after task completion.

• The subjects were asked if they would reveal pri-
vate information and give their credit card number
in order to buy something (every site had a pur-
chase area). 

• Additionally, the subjects gave estimations on the
five subscales mental effort, temporal demands
(from NASA Task Load Index), usefulness, joy of
use and frustration. The correlation of the trust
dimension with these scales could provide a clearer
impression of the subjective experiences and feel-
ings that mediate trust.

• Previous studies (for example Fogg et al., 2001)
suggest a close correlation between usability prob-
lems and lack of trust. Therefore we tested if the
number of usability problems as well as a weighted
index comprising frequency and severity of prob-
lems, displayed any influence on perceived trust-
worthiness.

3.2 Results

• Although a tendency to decreased trust measures
at the second point of measurement is obvious,
trust measures on the whole did not change signifi-
cantly between exploration and task completion. 

• Pearson correlations of trust with the task load
measures demonstrate a positive relationship with
the ratings on joy (r2=0.661**) and usefulness
(r1=0.496**) and a negative correlation with frustra-
tion (r3=-0.471**), whereas effort and time expo-
sure are not significantly correlated with trust.

• Trust obviously is a matter of experience: Those
persons who had high trust ratings before and after
interaction, were internet experts and knew the
websites they used. The persons with the lowest
trust ratings were confronted with non-branded
sites they did not know and had less experience on
the internet in general. Websites with low trust rat-
ings (Stern, Terre des Femmes, Neues Museum
Nürnberg) were non-branded (Stern is branded but
has not a trustworthy vocation) and caused specific
problems of use.

• he bare number of usability problems can’t predict
trust measures: both the number of usability prob-
lems and the weighted index cannot prove any rela-
tionship to trust. But when examining the readiness
to reveal information, two specific usability prob-
lems strikingly proved to cause trust deficiencies:
When there were both navigation problems and
problems with the purchase area on a non-branded
or unknown site, subjects were not willing to give
any personal information or card numbers. Naviga-
tion problems apparently induce a feeling of help-
lessness and the belief that the site can be mas-

tered only with great effort. And if subjects couldn’t
find the information they needed about security,
about the processing of orders or about recourse,
the readiness to reveal private information in order
to make transactions rapidly declined. Other usabil-
ity flaws, i.e. problems with information presenta-
tion or search mechanisms did not correlate with
trust measures. 

4 Matching objective with subjective 
data

Although intensified interaction with the websites had
no significant effect on the degree of perceived trust,
there is the tendency that the first judgement of trust-
worthiness cannot be held up during task completion.
But apparently measuring usability problems in general
does not suffice to predict a subjective experience like
trust. The non-correlation of subjective trust and usabil-
ity problems supports the assumption that problems of
use during task processing do not result in decreased in-
direct trust measures. The correlations with the task in-
dex scales point to some extent into the same direction.
Effort and time expenditure, which could indicate prob-
lems of use at best, are not correlated with trust. Per-
ceived usefulness probably arises from content quality.
Joy, however, is an indication that factors like aesthetic
design or particular interaction possibilities are related
to trustworthiness. 

At least the measures of readiness to reveal information
point out that some aspects of usability have influence
on trust. This would correspond to the body of literature
(Fogg et al., 2001). Navigation problems and problems
with the purchase area are reported as trust relevant in
previous studies, too (Cheskin Research, 1999). Frustra-
tion, representing the subjective feeling after experienc-
ing usability problems, is correlated negatively with
trust. This could be another hint to the importance of us-
ability aspects for trust. 

It can be argued that usability problems accompanied
by the unwillingness to reveal personal information are
obvious even after the short exploration phase and
therefore do not result in varied trust ratings. The rat-
ings stay low or high, according to the branding and the
usability of the site. Future test designs should pay at-
tention to receive a “first glance” trust rating with the
least possible interaction.

Trust as a multidimensional concept comprises various
causes that are not fully explainable by interaction expe-
rience at one single point of time. Long-term variables
like expertise, reputation of the provider and previous
experiences with the website have to be considered. In
order to extend the methods of trust assessment, more
objective measures capturing user behaviour in trust-
relevant situations have to be invented. Moreover, fur-
ther investigations will be done to gain a deeper under-
standing of the specific problems of use which cause
retreat from any activities demanding personal informa-
tion. 
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ABSTRACT

This work approaches three different psychological viewpoints: the cognitive, the behavioral, and the affec-
tive theory, as well as their potential in human-computer interaction. It is suggested that even though each of
the three different viewpoints are based on partly different underlying theoretical assumptions, in order to ob-
tain a holistic view of human-computer interaction, it is necessary to utilize methods based on many different
viewpoints. Different methods complement each other. Based on an analysis of methods that could be use-
ful in human-computer interaction evaluation, a new kind of usability inspection method, the combined walk-
through, is proposed, which brings together some of the methods from all three viewpoints.

1 Introduction

In the past few decades, a new discipline of human-
computer interaction has emerged. An integral part of
human-computer interaction is usability evaluation, and
a variety of different usability inspection methods have
been used, including heuristic evaluation, usability test-
ing, and the cognitive walkthrough. Even though the
majority of the methods have been especially devel-
oped for usability evaluation, they also have a basis in
methods used in psychological research. Therefore, it
seems possible to create new usability evaluation
methods by bringing the latest methods from psycho-
logical research to usability evaluation. In this paper, a
new method is proposed based on a new combination
of cognitive, behavioral, and affective techniques.
A classic psychological viewpoint is the behavioral the-
ory, which was dominant until the early 1970’s. The be-
havioral theory treats humans as ‘black boxes’: every-
thing in the human mind is ignored. The behavioral
viewpoint is efficient in explaining behavior caused by a
stimulus in the environment. However, one of the major
limitations of behaviorism is that it ignores an obviously
valuable source of research information, cognitive think-
ing. This was one of the reasons why cognitive psychol-
ogy replaced behaviorism as the dominant theory in
psychology. The cognitive theory focuses on the infor-
mation-processing mechanisms of the human mind.
The human thinking is assumed to be fully logical and ra-
tional (Slife & Williams, 1995). Lately, however, the role
of emotions has been emphasized. Emotions have usu-
ally been viewed in conjunction with cognition. It has
been argued that without understanding emotions it is
not possible to fully understand cognition, because
there is evidence that emotion molds and even pre-
cedes cognition (Murphy & Zajonc, 1993). Thus, it
seems that all three viewpoints focus on different as-
pects of human beings, but methods derived from dif-
ferent theoretical viewpoints possibly complement
each other.
A number of behavioral and cognitive techniques have
already been used in evaluating human-computer inter-

action. However, despite some recent efforts to bring
affective methods to computing (e.g. Picard, 1997), af-
fective techniques have not been widely used in evalu-
ation. Nevertheless, there has traditionally been a relat-
ed measure called subjective satisfaction. Subjective
satisfaction has usually been expressed in form of the
user’s preferences of different alternative designs or
ratings on scales that measure the user’s attitudes. The
important distinction is that subjective satisfaction mea-
sures the user’s attitudes towards the system or a par-
ticular design, while most methods in affective psychol-
ogy concentrate on inferring the subject’s affective
state. It is suggested in this paper that methods that
probe the user’s affective state during human-comput-
er interaction can be useful in evaluation.

2 Methods associated with different 
viewpoints

2.1 Cognitive Methods

The most commonly used cognitive methods in psy-
chology are different kinds of verbal reports (see e.g.
Ericsson & Simon, 1993). They can also be used in us-
ability evaluations, for example, the evaluator may ask
the subject about the comprehensibility of a certain
user interface feature, or the user may freely describe a
found problem. The user could also be presented with
forms, which probe his/her cognition about the system
or the task. 

The cognitive walkthrough is a method that was used
as a basis in developing the method proposed in this pa-
per. In the cognitive walkthrough, the user mentally
steps through the stages in performing a task. In sum,
the basic version consists of four criteria, which should
be applied to each task by the evaluator: “(1) Will the
user try to achieve the right effect? (2) Will the user no-
tice that the correct action is available? (3) Will the user
associate the correct action with the effect that the user
is trying to achieve? (4) If the correct action is per-
formed, will the user see that progress is being made
toward the solution of the task?” (Wharton et al., 1993).
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One of the strong points of the cognitive walkthrough is
that it can be applied early in the design process, since
it only requires the user interface elements. The cogni-
tive walkthrough method also has some limitations.
One of the most important objections is that the meth-
od is mainly efficient in finding linguistic mismatches
between the users’ representation of a goal, and the la-
bel (or the graphical representation) of the goal. This
means that it does not give much information on wheth-
er a particular layout design, for example, is more or less
successful as a whole. This highlights the need for com-
bining the cognitive walkthrough with different meth-
ods. 

2.2 Behavioral methods

Based on the behavioral theory, a lot of methods have
been developed, which can be applied to human-com-
puter interaction. These include data collection meth-
ods, in which the data from the user’s performance is
collected, e.g. task times and error rates. In addition,
eye movements, fixation durations, and mouse move-
ments are examples of behavior that can be measured
for analysis. Another class of behavioral methods is ob-
servational methods, in which the researcher observes
and interprets the subject’s behavior, often based on a
video recording of the computer use session (Sweeney
et al., 1993)

2.3 Affective methods

Emotional phenomena can be manifested in three
types of observations: verbal reports, behavior, and
physiological responses (Lang, 1993). Thus, some of
the methods used in affective psychology are similar to
cognitive and behavioral methods. However, the focus
is different: the aim is to get information about the sub-
ject’s affective state.
There are a number of different physiological measure-
ment techniques related to emotions. For example, the
electric activity of certain facial muscles (measured us-
ing electromyography, EMG) and heart rate are related
to reported valence (Lang et al., 1993). On the other
hand, measures such as skin conductance (Lang et al.,
1993) and pupil size (Partala et al., 2000) are known to
be somewhat related to arousal. Even though these
methods are not especially practical in cost-effective us-
ability evaluations, they offer an alternative to measure
emotion-related physiological changes objectively dur-
ing human-computer interaction.
Perhaps the most fundamental theories of emotion are
discrete and dimensional emotions. From the discrete
emotions viewpoint, emotions are viewed as distinct
categories, e.g. the basic emotions by Ekman (1992):
fear, anger, sadness, happiness, disgust, and surprise.
The dimensional emotions viewpoint also has a long tra-
dition. It has been repeatedly validated empirically that
changes in affective meaning of any stimuli (words, ob-
jects, events etc.) can be sufficiently described by three
dimensions. As it is now, the most widely used dimen-
sional emotions framework in affective psychology con-
sists of the following three dimensions: valence (nega-

tive – positive), arousal (calm - aroused), and dominance
(controlled – in control) (Bradley and Lang, 1994). The
valence and arousal dimensions also have solid connec-
tions to emotion-related physiological phenomena: the
valence dimension indicates the presence of either of
the brain motivation systems, appetitive or aversive,
and the arousal dimension indicates the intensity of the
current motivation system (Lang et al., 1993). 

In this work, the dimensional emotions framework is
especially considered as appropriate in human-comput-
er interaction. The reason for this is that the dimensional
emotions framework is more general and it seems to be
easier to use in practice than the discrete emotions
framework. Lang (1984) also found that self-reports are
more reliable with respect to dimensions than with re-
spect to discrete categories. 

3 The combined walkthrough

The combined walkthrough method combines some of
the above-mentioned techniques. The aim of the meth-
od is to provide information about the user from many
different viewpoints. The method is task-based and
supposed to be carried out with representational users
in a usability laboratory. The experimental interface
could be an almost ready product or a preliminary imple-
mentation with the ability to log important information.
Like the cognitive walkthrough, the combined walk-
through concentrates on the learnability of a system,
that is, the usability of a system for first-time or infre-
quent users. The tasks should be kept reasonably short.

The trials are supposed to be carried out in the following
way. First, the user is presented with a task to be per-
formed. Second, the user carries out the task using the
experimental interface, while the system logs the us-
er’s task times, error rates and possibly some other
meaningful information about the user’s behavior.
Third, after the user has completed the task, he/she is
asked to rate his/her emotional state using at least the
valence and arousal scales (Bradley and Lang, 1994).
The experimenter may also ask the user to rate his/her
emotional state in respect to a certain feedback given
by the computer. If the rating given by the user indi-
cates e.g. high negative arousal, the user may also be
asked to freely describe her/his conception about the
experienced problem. Fourth, the evaluator goes
through the four-point list of the cognitive walkthrough
described above (Wharton et al., 1994), and identifies
possible related usability problems. 

This procedure is repeated until all the relevant tasks
have been carried out. After the experiments, the eval-
uator combines the data from different sources for each
task, and possibly makes improvements to the user in-
terface according to her/his interpretation of the re-
search data. For example, the cognitive walkthrough
could find problems in the lower level cognitive specif-
ics of the user interface, while long task times and high
error rates would indicate the ineffectiveness of the
user interface as a whole. 
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The method could also be extended so that additional
techniques are used. These could include observing the
user’s behavior more closely (e.g. eye tracking, logging
mouse clicks and trajectories etc.). Importantly, the us-
er’s emotions could also be studied more precisely us-
ing physiological measurement techniques such as fa-
cial EMG, or measuring the pupil size. Finally, if appro-
priate, the user’s cognition could be studied in more de-
tail with additional verbal protocols.

4 Discussion

In this paper, it is suggested that in order to obtain a ho-
listic view of human-computer interaction, methods
from different viewpoints need to be incorporated. A
new usability inspection method, the combined walk-
through, was proposed. In the combined walkthrough
method, the cognitive walkthrough method has been
extended with behavioral and affective methods. 
It is important to analyze data from different sources,
even if the results seem inconsistent. Previous re-
search supports the choice of many different methods,
because data from different research methods often co-
varies only subtly. This has been acknowledged in emo-
tion research (Öhman & Birbaumer, 1993), as well as in
usability research in terms of effectiveness, efficacy,
and subjective satisfaction (Frøkjær et al., 2000). In
some cases, designs can be improved merely for some
aspects of usability, while keeping other aspect mainly
intact. For, example, it is possible to improve the visual
layout of an efficient user interface so that it also be-
comes desirable on an affective level. In addition, the
possibility of misinterpretation usually decreases, if data
from different sources are analyzed.
The logical next step in the development of the method
is a thorough usability evaluation, in which the method
is used in practice. 
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ABSTRACT

Driving safety may be seriously impaired by parallel VDU operation. Evaluation of usability in terms of driving
safety is complicated by numerous and hardly controllable variables of device and cockpit design, traffic con-
ditions and safety evaluation criteria. The proposed method uses performance measures of a combined
tracking and choice reaction task, which were subsequently transformed to real traffic safety estimation.

1 Introduction

The increasing amount of VDU devices provided in
modern vehicles (e.g. navigation, communication, en-
tertainment) raises up the question about safety and re-
liability issues possibly impaired by the inter-ference of
driving and device operation. Thus, conventional usabil-
ity criteria for interface design need to be extended or
even predominated by such ones recording human re-
source allocation requirements conflicting with driving
needs. 
Isolated laboratory tests of devices and components
provide only few evidence due to the significant influ-
ence of environmental conditions (e.g. placement,
viewing conditions) as well as due to problems of inter-
pretation of different types and characteristics of re-
source allocation in terms of driving performance and
safety (for example: how to compute different frequen-
cies and different duration of focus attention; Serafin et
al, 1993). This is true for performance measures as well
as for (psychophysiological) strain measures.
Considering device operation tests by direct measures
of driving reliability during real or virtual scenarios, four
major problems have to be faced (Briem & Hedman,
1996; Brookhuis et al, 1991; Schlag, 1993; Snyder &
Monty, 1986):
1. the large variability of driving conditions,
2. the rare occurrence of critical situations (which build

the basis for safety estimation!), 
3.  the large variability of individual behaviour, and
4. the definition of suitable measure units for safety.
To avoid personal risks and to provide controlled condi-
tions testing may be performed in a simulator environ-
ment (as it is practised by large car manufacturers). This
requires extensive equipment and lengthy test proce-
dures.
Furthermore, a comparison of different design options
(e.g. keyboard and speech control) remains difficult due
to the large number of situation dependant measures.

2 Method

TTo overcome this situation, a more causal approach is
proposed, enabling a very simplified testing procedure
and providing comparable results for different types of
equipment and conditions.

The elementary driving task (following a road line) corre-
sponds to a compensatory tracking task. A second task
element of real driving - reaction on external events -
corresponds to a choice reaction task.   The fact that
both tasks partially use same human resources reflects
it's interaction during real driving, and, thus, must be ac-
cepted.

The differentiation in two elementary tasks allows a sig-
nificant simplification of measures and interpretation:

1. Driving reliability and safety correlates directly to
tracking and to reaction performance.

2. Both types of tasks implicitly require subjects to act
at its upper performance limits (minimum target
deviation and minimum reaction time).

3. Task performances directly correspond to resource
allocation.

Thus, the performance loss induced by device interac-
tion can be computed by performance measures during
phases of pure driving and those during phases of driv-
ing with simultaneous device operation according to
Eq. [1].

Performance loss, again, corresponds to the percent-
age of resource allocation required for device operation.
This basically simple statement has a particular relevan-
cy, if it is considered, that multiple resources were com-
plexly involved, and the resource allocation measured
by the performance loss reflects exactly the resource
extraction during device operation in terms of resource
availability for driving - without a need to access to any
resources..

Using a performance loss measure as an indicator for
driving safety enables to compute a plain measure in
spite of the fuzzy nature of safety of vehicle driving

Ploss =
Pdrv - Pdrv&dev

Pdrv

Ploss : Performance loss

Pdrv: Performance during pure driving

Pdrv&dev: Performance during driving and
parallel device operation

[1]
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(which level and probability of performance should be
accepted as sufficiently "safe"?). 

To estimate the safety of real traffic situations, it seems
to be more appropriate computing the performance re-
quirements for a given scenario and, then, estimate
safety by comparing performance requirements with
performance availability

3 Experimental setup

For testing, an abstract driving simulator is used. It
bases on a continuous line tracking task with a nonperi-
odic tracking function and a perspective view - corre-
sponding to real driving (as shown in fig. 1). The target
path may be computed by ellipse segments with ran-
domised length and radius. To ensure a continuously
maximum performance requirement, subjects have to
be instructed to follow a centre line displayed on the
tracking path as exactly as possible (compensatory
tracking).

The scenario is visually designed according to real traffic
proportions (e.g. using a grey coloured tracking path of
3 m width) beamed on a surface at least five meters be-
yond an original driver cabin (fig. 2). Tracking control is
performed by turning steering wheel. 

Due to the widely linear characteristics between track-
ing deviation, tracking amplitude and tracking frequen-
cy, tracking performance may be expressed simply in
form of the effective human reaction delay within the
control loop (Eq. [2], McRuer & Jex 1967).

In fact, the nonperiodic tracking line (with continuously
varying tracking frequency and amplitude) requires a
segmented computation with subsequent integration.

The additional choice reaction task (to check attention
performance) is included into the tracking task by small
boxes, appearing in random time intervals on the road
(fig. 1). When perceived the boxes have to be extin-
guished by pressing the brake pedal as soon as possi-
ble.

4 Sample Results

The proposed method was used for estimating the in-
terference of operating a multipurpose interaction sys-
tem (radio and climate control, route-planning, etc.) on
driving safety. 

Tests were performed for radio operation with 30 expe-
rienced drivers and the following conditions:

1. conventional radio, placed located in the central part
of the dashboard (right to the driver),

2. remote control by a display located beside the
speedometer (in front of the driver) and control but-
tons within the steering wheel, and

3. remote control by a display located in the central
part of the dashboard (right to the driver) and con-
trol buttons left and right beside the display.

Operations consisted of a (one-directional) reading task
and a (bi-directional) value control task. 

Tracking performance (fig. 3) using the conventional ra-
dio (1.) was worst for the reading task, but best for value
control. Display location right to the driver (3.) allowed
higher tracking performance than the frontal one (2.) for
both types of operations. This may be caused by the
less horizontal eye movement required and the wider
field of view in horizontal direction (Liu, 1996). The visu-
al control required for soft controls (navigation keys) im-
pairs tracking performance additionally, whereas the al-
most blind control of hard keys (1.) does not influence
tracking performance significantly.

Figure 1: Visual representation of the tracking task

Figure 2: External viewing conditions at the example of
a truck cabin

RDh [s] =
Sdev [m]

Stl [m] * Ftl [s
-1]

RDh: Human Reaction Delay

Sdev: Deviation Amplitude

Stl: Target Line Amplitude

Ftl: Target Line Frequency

[2]
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Reaction delay on visual events (fig. 4)  is increased by
50 to 100 % during device operation. For both small and
large objects tested, performance decreases signifi-
cantly stronger than for the tracking criterion (fig. 3).
This result emphasizes the effects of device operation
in particular during high traffic density and innercity driv-
ing.
The conventional radio option (1.) provided the best re-
sults for this criterion, both display variants cause a sig-
nificantly longer reaction phase. Thus, the increased in-
formation exchange requirements of multipurpose-
units cause a lack of safety. Corresponding to the track-
ing results, the frontal display position provides worse

reading conditions than the laterally placed one. In con-
trast, the lateral button position impairs reaction perfor-
mance.

5 Conclusion

The applied method provides significant results for very
different operational conditions. In spite of its simplicity
- the whole study was performed by one researcher
within six weeks  - gradual effects of display location
and control settings were outlined. 

As a matter of fact, no comparative study in real traffic
or in an authentic driving simulator could be performed
to check the validity on an objective base. However, it
seem to be that there are much more effective ways to
perform (initial) security checks than using extensive full
function driving simulators or test in real traffic.

The 2-parametric results and the simple definition of
test conditions makes such an approach suitable for
standardization issues, e.g. to specify minimum perfor-
mance criteria.
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ABSTRACT 

Several studies suggest a role of psychosocial stress in the development of musculoskeletal disorders
(MSDs). Neck and shoulder pain, in particular, are common in physically light but psychologically stressful
work, such as repetitive data entry at video display units. 
A hypothesis is that musculoskeletal disorders originate from damaged muscle fibres of low threshold motor
units, that are driven into degenerative processes as a result of overuse. This could happen under conditions
with sustained low muscle tension, where signals of fatigue may be subliminal. An additional hypothesis is
that these units are activated not only by physical demands but also by psychological stress, which usually is
more lasting that physical activity. 
In a recent experiment, 17 subjects were individually exposed to mental and physical stressors in the labora-
tory. Intramuscular EMG activity was measured in the trapezius muscle and an automatic classification pro-
gram was used for motor unit action potential decomposition. Overall muscle activity was measured by bipo-
lar surface EMG and heart rate was recorded as an indicator of stress. Repeated exposure to the mental
stressors induced significant increases in muscle activity (p<.01) and in heart rate (p<.01). In addition, intra-
muscular recordings revealed that in most subjects the same motor units were often active in physically as
well as in mentally induced muscle tension. 
The results indicate that mentally induced stress may contribute to keep low threshold motor units active,
also in the absence of physical activity, for instance during breaks at work and after work, unless complete
mental relaxation is achieved. Constant activation of these motor units may also prevent repair of damaged
muscle fibres. An additional risk factor in computer work with low levels of muscle tension is that individuals
may continue to work without knowing that certain motor units are exhausted. It is concluded that lack of
mental rest is an important risk factor for the development of muscular pain in computer work.

1 Introduction 

The major health problems today have a multifactorial
etiology, where psychosocial factors such as stress
seem to play an important role by interacting with be-
haviour, life style, individual characteristics and environ-
mental factors. Work related upper extremity disorders
(WRUEDs) are frequent in jobs comprising static load
and monotonous and repetitive tasks, such as data en-
try at computer input devices. A hypothesis is that
these disorders originate from damaged muscle fibres
of low threshold motor units, that are driven into degen-
erative processes as a result of overuse, and that the
same units are activated not only by physical demands
but also by psychological stress (Sjøgaard et al., 2000).
The physical load induced by such tasks is usually low,
whereas psychophysiological stress levels in repetitive
work have been found to be relatively high both during
and after work (Lundberg et al., 1993; Lundberg & Jo-
hansson, 2000; Melin et al.,1999).
Mental stress may induce muscle tension (Lundberg et
al., 1994; Wærsted, 1997) and has been proposed to
contribute to the development of WRUEDs in psycho-
logically stressful work, not necessarily involving high

muscle activity. Prolonged activity of single muscle fi-
bres has been proposed to cause metabolic disturbanc-
es, degenerative processes and pain. Most people de-
velop pain symptoms in the neck and shoulder region,
i.e., in the trapezius muscle, which seems to be partic-
ularly sensitive to emotional stimuli (Wærsted, 1997).

The aim of the present experiment was to investigate if
the same motor units are activated by mental stress as
by physical demands.

2 Methods

Seventeen subjects who had given their informed con-
sent participated in the study, which was approved by
the local ethics committee. The subjects were exposed
to stressors in front of a video display unit (VDU) in the
laboratory. During the experiment, the subject sat in a
chair with an armrest on the right hand side. The stres-
sors included three different levels of a colour-word test
(Stroop), two mental arithmetic tests, which and were
presented on a VDU and all lasted for five minutes each,
and a one-minute cold pressor test (holding the left
hand in cold water).
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For comparison of recruited motor units induced by
stressors and by voluntary activation the experiment
also included two ramp contractions from rest to about
20% (attempted lifting of the arm), and two reference
contractions with both arms abducted 90∞.

Bipolar intramuscular electromyographic (EMG) activity
was measured by using a wire electrode, made out of
two or three coated wires with a diameter of 0.07 mm.
The wires were exposed approximately for 0.5 mm at
the tip, and inserted in a 0.5 mm hypodermic needle.
The wires were twisted and the endings were bent
around the needle tip. The needle with the wire elec-
trode was inserted in the descending part of the right
trapezius muscle 20 mm medial to the midpoint be-
tween the spinous processus of the C7 vertebra and ac-
romion. The needle was removed, leaving the electrode
inside the muscle. To obtain an indicator of overall mus-
cle activity, bipolar surface EMG (SEMG) was measured
from electrodes, placed on each side of the insertion
point, with an inter-electrode distance of 20 mm. ECG
was measured to assess the heart rate as an indicator
of stress. Periods of twenty seconds were sampled (10
kHz) and stored on the hard disc.

An automatic classification program was used for motor
unit action potential (MUAP) decomposition (Forsman
et al., 1999). It utilises the entire signal complexes on
each channel and compares MUAP morphologies. The
algorithm decomposes overlaps of two MUAPs. The
program also facilitates manual corrections of the result
of the automatic classification.

3 Results

Successive exposure to mental stress induced a mod-
erate but significant increase in muscle activity
(p<0.01), which was closely associated with increases
in heart rate. 

The number of motor units identified from the intramus-
cular recordings ranged from 6 to 26 (mean = 12.4)
among the 14 subject from which the intramuscular sig-
nals could be decomposed. A higher number of units
were identified during the voluntary contractions,
where also the SEMG level was higher, than in the
mentally induced ones. In 12 out of these 14 subjects,
one or more motor units were found to be active in
physically as well as in mentally induced muscle con-
traction.

4 Discussion

This experiment confirms earlier findings (e.g., Lund-
berg et al., 1994) and shows that mental stressors in-
duce elevated EMG activity in the trapezius muscle. In
addition, analyses of the recruitment of single motor
units show that the same motor units are kept activated
by mental stress as by physical demands. This is consis-
tent with the Cinderella hypothesis (Hägg, 1991) and in-
dicates that mentally induced stress may contribute to
keep low threshold motor units active, also in the ab-

sence of biomechanical demands, e.g., during breaks at
VDU work and off the job. However, additional experi-
ments have to be performed in order to investigate if
these motor units are constantly active or if there is a
substitution of motor units (Westgaard, 1998). 

The Cinderella hypothesis and the findings above, as
well as the implications from general models relating
stress to health impairment, such as the Allostatic Load
Model (McEwen, 1998), consistently suggest that lack
of rest and recovery is an important risk factor for the
development of muscular pain. In the modern work en-
vironment, with strong emphasis on high work pace,
competitiveness, efficiency, ”downsizing” and ”lean
production” and, where considerable efforts have been
made to reduce physical demands and improve ergo-
nomic conditions, it is possible that lack of rest and res-
titution is an even more important health problem than
the absolute level or frequency of muscle contraction.
An important aspect of mental stress is that, compared
with physical exposure, it is usually more lasting and
does not allow the individual to take a break in order to
create muscular relaxation. As a consequence, workers
in occupations characterised by a combination of physi-
cal demands and mental stress may be at particular risk
to develop neck and shoulder disorders. 

5 Acknowledgement

Financial support has been obtained from the Swedish
Council for Work Life Research, the Swedish Council
for Research in the Humanities and Social Sciences and
the Bank of Sweden Tercentenary Foundation. This pa-
per is also part of an activity within the project, "Preven-
tion of muscular disorders in operation of computer in-
put devices (PROCID)", a Concerted Action financed un-
der the European Union research programme BIOMED-
2 (BMH-98-3903)

6 References

Forsman, M., Kadefors, R., Zhang, Q., Birch, L., & Palmerud,
G. (1999). Motor-unit recruitment in the trapezius muscle dur-
ing arm movements and in VDU precision work. International
Journal of Industrial Ergonomics, 24, 619-630.

Hägg, G. (1991). Static work loads and occupational myalgia -
a new explanation model. In P.A. Anderson, D.J. Hobart, and
J.V. Danhoff (Eds.), Electromyographical Kinesiology (pp. 141-
144). Elsevier Science Publishers B.V.

Lundberg, U., Kadefors, R., Melin, B., Palmerud, G., Hassmén,
P., Engström, M., and Elfsberg Dohns, I. (1994). Psychophys-
iological stress and EMG activity of the trapezius muscle. In-
ternational Journal of Behavioral Medicine, 1, 354-370.

Lundberg, U., and Johansson, G. (2000). Stress and health
risks in repetitive work and supervisory monitoring work. In R.
Backs & W. Boucsein (Eds.), Engineering Psychophysiology:
Issues and Applications. Lawrence Erlbaum Ass., New Jer-
sey, pp. 339-359.

Lundberg, U., Melin, B., Evans, G.W., & Holmberg, L. (1993).
Physiological deactivation after two contrasting tasks at a vid-
eo display terminal: learning vs repetitive data entry. Ergonom-
ics, 36, 601-611.



Stress and Musculoskeletal Disorders in Computer Work

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

466 Ulf LUNDBERG (1), Mikael Forsman (2, 3), Gunilla Zachau (2), Mats Eklöf (4), Gunnar Palmerud (2), Bo Melin (5), Roland Kadefors

McEwen, B.S. (1998). Stress, adaptation and disease: Allosta-
sis and allostatic load. New England Journal of Medicine,
840,33-44.

Melin, B., Lundberg, U., Söderlund, J., & Granqvist, M. (1999).
Psychophysiological stress reactions of male and female as-
sembly workers: a comparison between two different forms
of work organizations. Journal of Organizational Behavior, 20,
47-61. 

Sjøgaard, G., Lundberg, U., & Kadefors, R. (2000). The role of
muscle activity and mental load in the development of pain
and degenerative processes on the muscle cellular level dur-

ing computer work. European Journal of Applied Physiology,
83, 99-105.

Wærsted, M. (1997). Attention-related muscle activity - a con-
tributor to sustained occupational muscle load. Doctoral dis-
sertation, National Institute of Occupational Health, Oslo, Nor-
way.

Westgaard, R. (1998). Motor unit firing behavior in the human
trapezius muscle. In H. Christensen & G. Sjøgaard (Eds.), Mus-
cular Disorders in Computer Users: Mechanisms and Models.
National Institute of Occupational Health, Copenhagen, Den-
mark.



The Suitability of the 0.1 Hz Component of Heart Rate Variability for Usability Testing      

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

Peter NICKEL, Carsten Schomann, Inga Meyer, Friedhelm Nachreiner 467

The Suitability of the 0.1 Hz Component of Heart Rate Variability for 

Usability Testing 

Peter NICKEL, Carsten Schomann, Inga Meyer, Friedhelm Nachreiner
University of Oldenburg, Industrial and Organizational Psychology Unit, D-26111 Oldenburg, Germany, E-mail:
peter.nickel@uni-oldenburg.de

ABSTRACT

The operator's workload is a relevant criteria in evaluating the quality of a system design and the usability of
software, which refers to the extent to which software can be used to perform tasks effectively, efficiently
and satisfactory for the user. The 0.1 Hz component of heart rate variability (HRV) is currently described as a
suitable measure of mental strain, however, recent laboratory research showed unacceptably low sensitivity
and diagnosticity. In a usability laboratory during typical haulage operations and during process simulation in a
VDU-based control room physiological and performance measures were taken together with video observa-
tions. The results support the interpretation that this HRV measure indicates emotional strain or arousal pro-
cesses rather than mental or cognitive strain. It is concluded that an evaluation of emotional strain is not suf-
ficiant for an usability assessment, particular not for practical purposes, where some occupational risks my
be at stake.

1 Introduction

Software can be described as a tool with which an op-
erator performs a given task. From an ergonomic point
of view tools are part of a work system (e.g. an interac-
tion of operator and equipment in work processes to
perform tasks) which should be designed to provide for
optimal working conditions to promote worker's well-
being and work system's reliability and productivity. In
ergonomic software design considering effectiveness
of task performance only is therefore not sufficient.
Moreover, efficiency of performance and satisfying hu-
man requirements are necessary to achieve a high level
of software usability. Under this perspective efficiency
of task performance is going beyond a financial expense
or a time cost, the operator's physical and mental work-
load is also a relevant criteria in evaluating the quality of
a work system design and especially the usability of
software (ISO 6385; EN ISO 9241-11). Consequently,
legal regulations in the EU (OSH directive 89/391 EEC;
VDU directive 90/270 EEC) require for the evaluation of
workload which demands suitable methods for this pur-
pose (Nachreiner, 2002).
Performance, subjective, and especially psychophysio-
logical measures have a long tradition and are highly
preferred in the ergonomics discipline. The heart rate
and its derivates are often used as methods for the as-
sessment of mental workload imposed on an operator
due to their practical utility and relative simplicity in both
application and subsequent interpretation, when com-
pared with alternative psychophysiological techniques
(Meshkati et al., 1999). Out of these measures the 0.1
Hz component of heart rate variability (HRV) is currently
described as a valid, sensitive and diagnostic measure
of mental strain (Boucsein & Backs, 2000; Luczak,
1998; Mulder et al., 2000) and is increasingly used in an-
alyzing mental workload in real life work situations (e.g.
in the services sector and in process control). Based on
a closer inspection of the relevant literature and empiri-

cal data, severe doubts concerning the validity of this
HRV measure have been raised (Kamphuis & Frowein,
1985; Jorna, 1992; Manzey, 1998; Paas et al., 1994;
Veltman & Gaillard, 1996; Wilson et al., 1995). Further-
more results from recent laboratory research showed
unacceptably low sensitivity and diagnosticity for the
0.1 Hz component as a measure of mental strain (Nickel
et al., 2002). Although this measure may indicate dys-
functional emotional strain related to work under time
pressure and frustration, effects of pure cognitive de-
mands fail to appear. Results from two studies in simu-
lated work environments (haulage and process control
operations) presented here support the interpretation
that this measure indicates emotional strain or general
activation rather than task specific mental or cognitive
strain.

2 Haulage operations

2.1 Method

In a usability study of logistics software for haulage op-
erations 18 trainees worked on typical haulage tasks
with different software programs in a usability laborato-
ry. The laboratory was organized like an office and con-
tained two video cameras for recording both, the sub-
ject and the human-computer interaction. Furthermore,
subjective ratings of the experienced workload, perfor-
mance measures and psychophysiological parameters
were registered during task performance in order to
analyse the adequacy of task representation in the soft-
ware, quality of software design, and efficiency of task
performance.

2.2 Results

Results of the analyses of video recordings demonstrat-
ed the trainee's difficulties while navigating e.g. in the
sender's address area of the input mask (Figure 1), try-
ing to fill in the sender's address. The prompting for the
user was inadequate and unsuitable for a task typical in
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the haulage business, due to the setup of coding, the
field labeling and the linear field-to-field navigation of the
software.

For compatibility reasons the results for the 0.1 Hz com-
ponent of HRV are inverted so that a high level of the in-
verted measure is expected to indicate a high level of
strain. Inspection of the profile of the 0.1 Hz component
(Figure 2) clearly demonstrates a higher level of inverted
HRV during the trainee's attempts in navigating in the
sender's address fields and trying to go back from the
initial field after an error in navigation while becoming
more and more angry. The HRV measure would thus
seem to indicate arousal or an emotional strain compo-
nent.

3 Process control operation

3.1 Method

Another usability study was carried out in a VDU-based
control room using a realistic process simulation of a
distillation of toluol/benzol. In a pilot study six operators,
some of whom had experience in both the chemical
background and process control, monitored and con-
trolled the chemical production process for about two
hours trying to manage with different disturbances in
the feed section. The operators were not aware of
where and when a disturbance would occur. In order to
analyse task representation, software design and effi-

ciency of performance the process control monitors and
the control room were audio and video tape recorded,
and performance measures and psychophysiological
parameters were registered during the whole se-
quence. After finishing their session operators were in-
terviewed by the experimenters.

3.2 Results

None of the operators discoverd the unobtrusive in-
crease of disturbances (Figure 3) (initiated by the exper-
imenter) until they were indicated by a process alarm for
the feed and subsequent sections. Meanwhile, the dis-
tillation process and quality of the products had already
become increasingly unstable.

Results for the inverted 0.1 Hz component of HRV (Fig-
ure 4) indicated a strong increase of the spectral density
following the alarms, while the operators were still look-
ing for the reasons for the problems and a strategy for
solving them. Most of the process information was dis-
played digitally while trend access was often circum-
stantial. Consecutive alarms made the operators more
an more nervous, as they experienced increasing time
pressure. When they detected that their interventions
had a stabilizing effect on the process the operators
calmed down noticeably, indicated by a decline in the in-
verted HRV measure.

Changes in the 0.1 Hz component of HRV thus seem to
indicate general activation or arousal processes related

Figure 1: Input mask of haulage business software

Figure 2: Clerk's 0.1 Hz component of HRV while input-
ting delivery information in a haulage business soft-
ware

Figure 3: Part of the feed display out of a chemical des-
tillation process

Figure 4: Operator's 0.1 Hz component HRV after pro-
cess alarm and under stress of increasing loss of prod-
uct quality and process safety
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to working under time pressure, responsibility for prod-
uct quality and systems safety, when working with
poorly designed software interfaces for process control.

4 Discussion

These results would suggest that the 0.1 Hz compo-
nent of HRV may indicate dysfunctional emotional strain
under simulated environments and real life conditions.
Consequences of an evaluation of work systems based
only on such measurements - which are erroneously
considered to measure mental and cognitive strain or
workload but in fact only indicate emotional strain - can
be increased mental fatigue; leading to errors, accidents
and damage to health and the environment. An evalua-
tion of the emotional strain of operators (presumed to
be an assessment of the total mental workload) is thus
clearly not sufficient for an ergonomic assessment of
work systems and especially not in the (re)design of
(complex) man-machine systems or human-computer
interaction. In fact this presumption might be mislead-
ing or even dangerous. The 0.1 Hz component of HRV
should therefore not be used in mental and especially
cognitive workload evaluation, and particularly not for
practical purposes, where occupational risks may be at
stake.
One might argue that software like that used in the ex-
ample for haulage business is no longer state of the art.
But in fact in the services sector and in industry differ-
ent generations of software still in use. Furthermore, a
closer inspection of current computer supported dis-
plays and controls or software in process control sys-
tems still shows similarities to software design errors
described years ago, even though graphical user inter-
faces are now used. This proves, firstly, a deficiency in
the conversion of available knowledge, at ergonomic
software design, into practice. Secondly, there is still a
lack of valid and sensitive usability measures, especially
measures for assessing cognitive workload imposed on
an operator e.g. when highly demanding tasks in normal
process control occur without producing emotional or
stress reactions. As a result of insufficient usability
measures and lack of knowledge transfer, impairment
of operators, systems performance and safety and inad-
equate usability of the whole system, leading to un-
favourable consequences for health and the environ-
ment may not be ruled out.
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ABSTRACT

Multi-tasking may not only improve work flow but may also reduce strain, which can emerge in single-tasking
systems by system response times (SRTs) that are perceived as forced waiting periods. However, the need
for scheduling and optimizing the course of different work steps could impose additional mental load on the
operator. This could be prevented by introducing suitable process indicators. Two studies with two different
multi-tasking tasks were performed with three different process indicators: static, dynamic and no indication.
Psychophysiological measures and working strategy parameters were continuously recorded, and subjective
ratings were taken after each working period. In the first study, 42 male students performed a simulated
computer aided design (CAD) task. The subprocess duration was kept constant to 20 s. The results showed
an increase in working speed and cardiorespiratory activity when process indicators were used, regardless of
their type. Psychophysiological parameters and subjective measures did not show typical strain effects, pre-
sumably because of the different work strategies used by the subjects to prevent stress. In the second
study, 48 students worked on a mocked power plant control center setup procedure. As an additional be-
tween-subjects factor, subprocess durations were either 10 or 30 seconds. Results showed that the multi-
tasking features were more often used when the background processing times were long, in which case
subjects also reported more arousal and pain symptoms.  For short processing times, skin conductance re-
sponses were significantly increased, indicating emotional strain. Compared to the former results with single-
tasking systems, the psychophysiological patterns seem to be reversed.  Under multi-tasking conditions,
long SRTs seem to be more convenient because the user’s foreground activity is less frequently interrupted.
Furthermore, effects of process indicators are not independent from subprocess duration and type of task.

1 Introduction 

Modern computer operating systems provide multitask-
ing capabilities, allowing the user to run several pro-
grams in parallel. This feature affects the user's work-
flow and thus may lead to changes in mental load and
psychophysiological strain.

On the one hand, multitasking may have the advantage
that long computer processing time will no longer force
waiting periods on the user. During complex, time con-
suming computations as they appear for example in
CAD-systems, the user may switch to another window
to perform another task while the computation is run-
ning in the background. This saves working time and
prevents strain evoked by SRTs as known from conven-
tional single-tasking systems (for a summary, see Bouc-
sein, 2000).

On the other hand, the user now is kept to schedule his/
her own activity with respect to the resources of the
computer system and the demands of the work goal.
Thus, additional mental load may occur by the user's at-
tempt to optimize the temporal linking of the different
worksteps, which may lead to new psychophysiological
strain.

From the view of software ergonomics, the user's
scheduling behavior should be supported by an ade-
quate feedback about the states of the tasks running in
the background. The progress of work should be made
transparent, but information overload should be avoided
as well.

In this study, three types of process indicators were ex-
amined in respect to task performance and subjective
as well as psychophysiological strain. In addition, the
SRT of the subprocesses was varied as a second exper-
imental factor.

2 Method

Two different computer task were applied in two inde-
pendent experiments: a CAD-task with complex de-
mands for the user’s work in the foreground and a panel
set-up task with less demands in the foreground but
more subprocesses to be initiated, thus leading to high-
er demands in scheduling.
The first experiment was conducted in cooperation with
the Technical University of Aachen (Prof. Dr. Holger
Luczak, Dr. Matthias Göbel; see Boucsein et al., 1998).

2.1 Experiment 1

Subjects (Ss) were 42 male students in the age be-
tween 19 and 40 (mean 26.2) as paid volunteers. 
Ss had to perform a simulated computer aided design
task (CAD): A drawing of a steel construction was dis-
played on the screen, which had to be completed by in-
serting screw connections at 12 sites. This had to be
done in 4 worksteps: determination of the necessary
screw length by measuring the width of the connection,
computation of the appropriate screw diameter depen-
dent on the power to be held (background process 1), a
data bank request for a standardized screw type, using
the results from background process 1 (background pro-
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cess 2), and finally inserting the screw into the drawing.
The duration of both background processes was kept
constant to 20 s since such duration was found to be
critical for the user in a previous experiment.

“As an independent variable”, the progress of the sub-
processes was display in 3 different ways, varied within
the Ss as repeated measures: no feedback, static dis-
play (busy/ready), or dynamic display (percent done as
moving bar; see bottom of Fig. 1).

As dependent variables, EDA, ECG, PVA, EOG and res-
piration were continuously taken during task perfor-
mance. Key strokes and temporal subprocess handling
data were written on log-files. Subjective ratings (20 se-
lected items each from an adjective checklist and a
symptom list) were taken after each feedback condi-
tion.

The effects of the display type on physiological, subjec-
tive, and performance parameters were statistically
tested by ANOVAs for repeated measures.

2.2 Experiment 2

Subjects were 48 students (28 male, 20 female) in the
age between 19 and 40 (mean 26.2) as paid volunteers. 

The Ss performed a task according to the set-up proce-
dure in a power plant control center. A panel showed 36
displays, which were to be set to particular initial values.
Some of these values were to be requested from a re-
mote data bank via virtual transmission lines. The Ss
had to copy the label of the value into one of four data
line windows (see bottom of Fig. 2), after which the re-
quest was started as subprocess. During the SRT for
the request, Ss could continue the set-up procedure or
start additional requests in the other windows.

Like in experiment 1, the first independent variable was
the indication of the subprocesses, being displayed in
the same 3 ways as in experiment 1 and varied within
the Ss as repeated measures. As a second independent

variable, the duration of the requests was either 10s or
30s, varied as between groups factor.

Dependent variables were EDA, ECG, PVA, and respira-
tion continuously taken during task per-formance. Key
strokes and temporal subprocess handling data were
written on log-files. The same subjective ratings as in
experiment 1 were taken after each feedback condi-
tion..

The effects of response time and display type on phys-
iological, subjective, and performance para-meters
were statistically tested by two-way ANOVAs for mixed
designs

3 Results and discussion

For the CAD task (see table 1), the presence of a pro-
cess indicator has a positive effect on task completion
time. The increasing coefficient of orderliness reveals
that this might be due to a clearer work strategy. Phys-
iologically, this increase of work speed is accompanied
with an increase of systolic blood pressure and respira-
tion rate, and subjectively with a deterioration of mood.

Table 1: Effects of different process indicators in ex-
periment 1. F-scores and error terms from ANOVA (*:
significant; **: highly significant.)

Figure 1: CAD task used in experiment 1

Figure 2: Mocked power plant panel task used in
experiment 2

Process indicator

Measure none static dyn. F3,35 p

Performance

task completion 
time (s)

1109 1071 1067 4.30 .018*

Coefficient of 
orderliness

0.80 0.76 0.77 5.27 .010**

Physiological 

HR (bpm)   77.1   77.0   78.0 2.46 .095

systolic BP 150.2 152.4 152.8 3.38 .041*

respiration rate 32.8 33.2  33.3 11.5 .001**

Subjective 

Anxiety/ 
depression

  4.42    4.40    4.40 4.66 .013*

well being   10.3    10.1     9.8 2.97 .059
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For the control panel task (see table 2), the effects of in-
dicators are quite different. There is no significant effect
on work speed; the mean values of completion time are
but increasing. The multi-tasking work strategy of pro-
cessing several worksteps in parallel is surprisingly re-
duced when the dynamic indicator is present. Physio-
logically, the increase of EDA sum amplitudes after 2
minutes work especially under the dynamic indicator in-
dicates emotional strain. Apparently, in comparison
with the more complex CAD task used in experiment 1,
performance and work strategy during the much easier
control panel task in experiment 2 did not benefit from
the use of a  process indicator and seems even to be
disturbed. This may be due to the fact that SRTs were
kept constant for each S in experiment 2. Thus, internal
expectation about SRT could be build up even without
any external indicator. In experiment 1, SRTs were
slightly varied in the range of 10%.

Table 2: Effects of process indicators and system re-
sponse time in experiment 2. F-scores and error terms
from ANOVA (*: significant; **: highly significant.).

The variation of SRTs in experiment 2 shows a very
marked effect on performance as well as on EDA. Com-
pared to the former results of our group with single-
tasking systems (Schaefer, 1990), the psychophysiolog-
ical patterns seem to be reversed. Under multi-tasking
conditions, long SRTs seem to be more convenient be-
cause they may be used for the performance of other
work steps, which is not the case with short SRTs
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Means Statistical effects

SRT Process indicator SRT Ind. SRT x 
Ind.none stat. dyn.

Performance

Task completion time [s]

10 334.4 371.7 398.5 F 1006. 2.13 .54

30 433.7 448.5 466.7 p .001** .12 .56

subprocesses simultaneously running on the computer

10 1.60 1.55 1.53 F 96.32 2.39 .54

30 2.20 2.20 2.21 p .001** .39 .56

 Worksteps processed in parallel by the user

10 2.22 2.05 2.10 F 19.83 3,30 3.46

30 2.44 2.46 2.39 p .001** .04* .03*

Physiological

EDA: NS.SCR freq. (1.+ 2. minute)

10 12.03 11.31 13.47 F 5.00 1.24 1.50

30 10.13 9.75 9.43 p .03* .30 .23

EDA: sum of amplitudes (1.+ 2. minute)

10 7.61 7.92 10.14 F 4.87 1.05 8.03

30 4.78 4.8 3.56 p .03* .35 .001**

EDA: NS.SCR freq. (3.+ 4. minute)

10 12.68 11.43 13.08 F 8.63 1.24 .41

30 10.00 8.89 9.12 p .005** .29 .66

EDA: sum of amplitudes (3.+ 4. minute)

10 8.23 8.43 9.18 F 5.07 3.96 .38

30 4.09 3.95 4.25 p .03* .02* .69
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ABSTRACT

Background noise is an often-found environmental condition in human computer interaction. To investigate
brain mechanisms of noise effects event-related brain potentials as well as brain DC potential of a visual spa-
tial attention task was investigated by a within design in 10 subjects. During 2 successive blocks of 7 min
each, subjects performed 156 trials of a VDT based visual-spatial attention task without noise and 2 blocks
with a mixture of environmental noises of 60 dB(A). Electroencephalogram was recorded along the midline
and the DC potential was analyzed for a change by time on task and the ERP was analyzed for relevant and ir-
relevant trials. For the noise condition a prolonged reaction time, a positive changing DC-potential and re-
duced amplitudes in the P300-like slow potential of the ERP were found. Results suggest reduced mental re-
sources accompanied by a reduced performance caused by background noise of even 60 dB(A) in human-
computer interaction with a visual spatial attention involvement. 

1 Introduction 

Background noise is often found in diverse working con-
ditions of human-computer interaction (HCI). However,
brain mechanisms underlying the noise effects are rare-
ly described. The present experiment was undertaken
to investigate the influence of community background
noise on brain activity of VDT based visual-spatial atten-
tion during HCI. In a previous study the effect of differ-
ent types and intensities of background noise on event-
related brain potentials (ERPs) of a cognitive task (dis-
criminating and counting separately two kinds of stimu-
li) was investigated and showed noise-related positive
changes in the brain DC potential contrary to music as
background (Trimmel, Kundi, Binder, Groll-Knapp, and
Haider, 1996a; Trimmel, Kundi, and Binder, 1997). Stud-
ies on ERPs of visual-spatial attention were initiated
(Mangun and Hillyard, 1988) in a sustained attention
paradigm according to Posner (1980). The analysis of
nontarget stimuli at the attended location (relevant)
modulated the parietal and occipital recorded N1 wave
compared to the nontarget stimuli at the unattended lo-
cation (irrelevant). These findings have been interpreted
in terms of a “sensory gain control” mechanism, which
modulates the flow of perceptual information from at-
tended and unattended locations and were subsequent-
ly also found in a trial-by-trial cued attention situation
(Eimer, 1993; Eimer, 1994; Mangun and Hillyard, 1988;
Mangun and Hillyard, 1991; Mangun, Hillyard, and Luck,
1993). Another electrophysiological indication of brain
activity was found by the analysis of brain DC potentials
with the advantage of studying brain activity in a single
trial (Trimmel, 1985; Trimmel, Strässler, and Knerer,
2001). Negative-going DC potentials are discussed as
an indication of cortical excitation whereas positive po-
tentials are discussed as an indication of reduced/re-
solved resources or an inhibition of activity (Bauer,
1998; Birbaumer, Elbert, Canavan, and Rockstroh,

1990; Born, Whipple, and Stamm, 1982; Caspers, 1960;
Haider, Groll-Knapp, and Trimmel, 1990; Pleydell-
Pearce, 1994; Rösler, Heil, and Röder, 1997; Schmitt,
Mölle, Marshall, and Born, 2000; Schmitt, Mölle, Mar-
shall, Hallschmid, and Born, 2001; Trimmel, 1985; Trim-
mel, Strässler, and Knerer, 2001).

2 Method

2.1 Task and Recording 

Ten subjects participated in this laboratory study sitting
50 cm in front of a VDT. Each trial began with a 200-
msec presentation of an arrow, 700 msec after cue off-
set, an uppercase letter (M or W) appeared for 100
msec on the left or right side. The interval between let-
ter offset and onset of the next arrow was 2 sec. The
environmental background noise was a mixture of traf-
fic noise, yelping dogs and irrelevant speech presented
with 60 dB(A). The experiment consisted of 4 blocks,
two successive blocks without environmental back-
ground noise and the other two with noise. Each block
consisted of 156 trials. In 144 trials, the nontarget letter
was presented and in the remaining 12 trials the target
letter was presented for which a response was required
for the target letter M if preceded by an arrow pointing
at the side, where the target stimuli appeared. Only 6
responses to target letters were required in each block.
The stimuli appeared with equal probability in the left
and right hemifield. EEG was recorded with sintered
Ag-AgCl electrodes from skin punctured locations – to
avoid contamination with skin potential (Trimmel, 1990)
– all referenced to linked mastoids, amplified from DC to
30 Hz and sampled by 250 Hz. ERP peak amplitudes
were measured relatively to a 100 msec pre-stimulus
baseline. The DC potential was recorded for the entire
experiment, sampled with 250 Hz and processed by the
median of each 1-sec epoch. 
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2.2 Statistical Results 

Reaction time to validly cued target stimuli (relevant)
were significant longer during the presentation of back-
ground noise compared to those without noise (752
msec vs. 696 msec, t = 2.02; P < 0.046). ANOVA for
PSW (positive slow wave) amplitude revealed an atten-
tion effect at Fz (F(1, 9) = 6.30; P < 0.0333), where irrel-
evant nontarget stimuli elicited enhanced amplitudes
compared to relevant nontargets in the control condi-
tion (F(1, 9) = 17.84; P < 0.0022). ANOVA for PSW laten-
cy showed at all midline electrodes longer latencies for
relevant vs. nonrelevant nontarget stimuli (F(1, 9) =
25.90; P < 0.0007, GGε = 1.0) and also for background
noise vs. control condition (F(1, 9) = 11.11; P < 0.0088,
GGε = 1.0; see Fig. 1 and Fig. 2). 

The DC potential was more positive during the presen-
tation of noise compared to control condition (F(1, 9) =
9.03; P < 0.0148) and showed a time-on-task related
positive DC-change at all midline electrodes Fz, Cz, Pz
(F(3, 27) = 4.15; P < 0.032, GGε = 0.675; see Fig. 3).

2.3 Discussion 

As expected, brain DC potential became more positive
during the visual attention task under background noise

vs. control condition. This is in line with previous find-
ings by a comparable approach (Trimmel, Kundi, Binder,
Groll-Knapp, and Haider, 1996b). Simultaneously the
amplitude of the P300-like positive slow wave (PSW) of
the ERP was reduced at central and parietal locations.
Reduced ERP amplitudes are commonly interpreted as
a sign of reduced mental resources like positive brain
DC potentials. One can interpret that the positive
changing DC potential may lead to reduced amplitude of
the PSW under noise. Also, prolonged latencies of
ERPs are commonly interpreted as an indication of a
prolonged cortical information processing. Whereas
noise effects at central and parietal locations may be in-
terpreted as a sign of reduced performance/higher men-
tal load. Effects at frontal locations may be interpreted
as a sign of a reduced attentional processes under
noise, because no distinction between target and non-
target were found in the PSW for the noise condition.

3 Conclusion

Taken together, (1) reduced amplitudes in the positive
slow potential (PSW) of the event-related potential
(ERP), as well as a (2) positive changing brain DC poten-
tial and (3) prolonged reaction times in performance in-
dicate that background noise of even 60 dB(A) leads to
reduced mental resources. Furthermore noise leads to
a less differentiated analysis of the input information as
well as higher demands of the MCI task if related to vi-
sual spatial attention. 
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Figure 1: ERPs from Fz for relevant stimuli (presented
at the right visual field) without noise (Control) and
with background noise (Noise). The difference in ERPs
between the conditions is shadowed.

Figure 2: ERPs from Pz for relevant stimuli (presented
at the right visual field) without noise (Control) and
with background noise (Noise). The difference in ERPs
between the conditions is shadowed.
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ABSTRACT 

The Rapid Upper Limb Assessment (RULA) survey is a posture-sampling tool used specifically to examine
the level of risk associated with upper limb disorders of individual workers. This paper examines the relation-
ship between RULA’s postural scoring system and the physiological measurement technique of electromyo-
graphy (EMG), as well as the psychophysiological measurement technique of self-reports of discomfort.
Twenty subjects each performed a 30-minute typing task on a computer in three working postures based on
RULA’s scoring system. A statistically significant difference was found only in perceived discomfort. The per-
ceived discomfort results demonstrated that RULA was able to identify “high” risk postures. The next ques-
tion we need to ask, does perceived discomfort result in tissue damage, or does tissue damage yield discom-
fort? 

1 Introduction 

Musculoskeletal disorders (MSD) are an increasing
health risk facing office employees today. Ideally a
“gold standard” is required which would effectively
identify risk factors, estimate the true magnitude of risk
and systematically evaluate the efficacy of prevention
and return to work programmes. The research present-
ed in this paper contributes to the achievement of this
goal.

The Rapid Upper Limb Assessment (RULA) survey, de-
signed by McAtamney and Corlett (1993), is a posture
sampling tool used specifically to examine the level of
risk associated with upper limb disorders of individual
workers. RULA was based on an extensive literature re-
view in order to determine the load at which tissue dam-
age would result. This paper examines the relationship
between RULA’s postural scoring system and the phys-
iological measurement technique of electromyography
(EMG), as well as the psychophysiological measure-
ment technique of self-reports of discomfort.

McAtamney and Corlett (1993) examined the validity
and reliability of RULA using a data-entry computer task
as a model. They investigated the relationship between
RULA’s risk categories and psychophysiological mea-
sures. They used self-reports of perceived discomfort
as a measure of physical risk for validity. 

The objective of the work reported on here was to de-
termine whether there is a systematic change in the
body’s physiological response related to changes in RU-
LA’s postural scores. For the purpose of this study,
muscle activity (EMG) measures formed the physiolog-
ical basis, while self-reports of discomfort formed the
psychophysiological basis.

1.1 Electromyography (EMG)

To assess musculoskeletal stress associated with awk-
ward working postures and the validity of ergonomic

principles, EMG is often administered (NIOSH, 1992).
EMG measures three things: temporal aspects (or pha-
sic activation patterns), force, and fatigue. Oberg (1994)
analysed the EMG signal, with respect to RMS ampli-
tude, of subjects who performed two contractions of
the right trapezius muscle by raising the right arm 90 de-
grees of abduction with a 0 kg load for five minutes and
a 2 kg load for 2 to 5 minutes. There was a statistically
significant increase in RMS with increased load dose, as
well as an increase in subjective fatigue scores. In the
case of a typing task involving dynamic contractions of
the forearm muscles, a force production of about 20 to
30 percent of maximum voluntary contraction (MVC)
would be expected (McLean, 1998). 

This paper examines both the level of muscular activity,
using the root mean square (RMS) of the raw EMG da-
ta, and how this level of activity changes across various
working postures.

1.2 Perceived Discomfort

Bridger (1995) describes discomfort as resulting in an
“urge to move” caused by a number of physical and
physiological factors. Corlett and Bishop (1976) believe
that an individual’s level of discomfort has been an indi-
cator of the inadequacies of the match between the
person and their work. The perceptions of postural pain
were related to discomfort and would be linearly related
to the duration of exposure to risk factors (Corlett, Bish-
op, 1976). Studies have shown a relationship between
self-reports of discomfort and the level of muscle acti-
vation and load (Vasseljen & Westgaard, 1995; Wells et
al., 1997).

2 Methods

Twenty subjects each performed a 30-minute typing
task on a computer in three working postures based on
RULA’s scoring system (Figure 1), where posture 1 rep-
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resented a low risk, posture 2 a medium risk and pos-
ture 3 a high risk. 

Figure 2: 

Kinematic data were collected for the neck, shoulder,
elbow and wrist, to verify the subjects’ tested postures
against RULA’s defined posture system. These pos-
tures are defined in Figure 2. 
The trunk and lower limb postures remained constant
across all three tested postures. Six quasi-random sam-
ples of EMG (RMS) were collected over each 30-minute
testing condition for the upper trapezius, anterior del-
toid, biceps brachii and forearm extensors. A body dis-
comfort survey was administered and scores collected
pre- and post-testing conditions.

3 Results

A multi-way repeated measures ANOVA was used to
analyse the EMG (RMS) data (Table 1), while a one-way
repeated measures ANOVA was used for perceived dis-
comfort (Table 2). In terms of the physiological mea-
sures, the only statistically significant effect was due to
the duration of exposure for the forearm extensor mus-
cles. A statistically significant difference was found in

perceived discomfort from posture 1 to posture 3, how-
ever, no difference was found between postures 1 and
2, and between 2 and 3.

The ANOVA and the Tukey HSD post hoc test revealed
a non-significant difference in the upper trapezius
(F=2.03, df 2/34, p<0.15), anterior deltoid (F=0.48, df 2/
38, p<0.62), biceps brachii (F=0.37, df 2/38, p<0.69) and
forearm extensors (F=0.35, df 2/38, p<0.70) across the
three working postures.

Table 2: Delta Body Discomfort Scores Descriptive
Statistics (N=20)

The ANOVA test demonstrated a significant difference
in perceived discomfort (F=16.01, df 2/38, p<0.00)
across the three working postures. The Tukey HSD post
hoc test revealed a non-significant difference in per-
ceived discomfort between posture 2 and posture 3
(p=0.12).

4 Discussion

The conventional physiological measurement technique
of EMG (RMS) did not produce a significant difference
while the psychophysiological measure of perceived
discomfort did result in a statistically significant differ-
ence. This resultant contradiction may be explained in
three ways: 1) there is no physiological difference in the
body’s state across the three tested postures; 2) the
physiological measure used here in this study was not
an effective means for measuring physiological chang-
es while performing computer tasks in the three tested
postures or; 3) the statistical power was too low to
demonstrate a statistically significant difference. 

Although there was no statistically significant difference
in EMG (RMS) across the three working postures, EMG
should not be discarded. Instead, it is recommended
that the EMG processing techniques be improved for
future research. Upon closer examination of the results,
it was noted that the variance is high relative to the
means. Therefore, any differences across working pos-
tures would be difficult to detect. It is possible that the
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Figure 1: RULA Grand Score and corresponding pos-
ture (Amended from McAtamney & Corlett, 1993) 

Figure 3: Definition of working postures.

Table 1: EMG (RMS) Descriptive (N=20, in millivolts)

Upper Trapezius Anterior Deltoid

Post 1 Post 2 Post 3 Post 1 Post 2 Post 3

Mean 0.0283 0.0500 0.0293 0.0334 0.0420 0.0315

SD 0.0185 0.0505 0.0206 0.0508 0.0436 0.0226

Biceps Brachii Forearm Extensor

Post 1 Post 2 Post 3 Post 1 Post 2 Post 3

Mean 0.0305 0.0317 0.0226 0.1321 0.1423 0.1335

SD 0.0402 0.0569 0.0270 0.0523 0.0557 0.0695

Posture 1 Posture 2 Posture 3

Mean 0 5 7

SD 3 6 6
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six samples of raw EMG data collected over each 30-
minute testing period were not representative of the
muscle activation patterns. Also, non-task related
movements were observed by the examiner and were
permitted in the testing conditions in order to create an
applied situation. As some subjects became uncomfort-
able, they would shift their weight, scratch their face or
stretch their arms in order to relieve their experienced
strain. These movements may have contributed to the
high variance.
Subtle postural shifts, such as scratching ones head,
will cause changes in muscle lengths and tensions
thereby significantly impacting upon the EMG record-
ing. Studies have shown that frequencies of postural
shifts (non-task related movements) increase with the
development of discomfort and fatigue (Karwowski et
al., 1994; Liao and Drury, 2000).
A statistically significant difference was found in per-
ceived discomfort from posture 1 to posture 3, howev-
er, no difference was found between postures 1 and 2,
and between 2 and 3. RULA does not use equal joint an-
gle ranges when defining the rating scores for each
body part. For example, the neck will receive a score of
1 if the neck is in flexion from 0 to 10˚, meanwhile a
score of 3 is given for any neck angle greater than 20˚
flexion. The differences in joint angles between posture
1 and 2 may be too small and therefore, result in the
non-significant difference with respect to perceived dis-
comfort results.

5 Conclusion

It is difficult to calculate a “grand score” level of risk that
a task or workstation may place on an individual when
we are still unable to determine with any degree of cer-
tainty the risk factors, combinations of these risk fac-
tors, and the “amount” of risk factors that lead to the
development of MSD. The perceived discomfort results
suggest that RULA’s scoring system may be too gener-
al in nature to differentiate various levels of risk (low,
moderate and high) in its application to computer work-
stations. However, the perceived discomfort results

demonstrated that RULA was able to identify “high”
risk postures. The next question we need to ask, does
perceived discomfort result in tissue damage, or does
tissue damage yield discomfort?
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ABSTRACT

The German legislation on health and safety at work (Arbeitsschutzgesetz) obliges employers to take mea-
sures to improve the level of health and safety protection at work. As a first step analyses of all working
places in regard to health and safety are required. These analyses must be documented and updated on a
regular basis. Following this, measures have to be defined and implemented. This has to be documented as
well. Here, the use of computer based checklists is recommended. EUCheck is a computer-based checklist
developed by the Institute of Ergonomics at Darmstadt University of Technology. Use and advantage will be
described.

1 Introduction

Council directive 89/391/EEC on health and safety at
work (framework directive) from 1989 June 12th is the
legal basis for the protection of workers‘ health and
safety in the European Union. It follows the guiding prin-
ciple that the employer is obliged to adopt appropriate
measures for the protection of workers. This directive
obliges EU member states to introduce uniform legisla-
tion.In addition, further EU individual directives have
been implemented into German law now. These are
among others: 89/654/EEC (workplaces), 90/269/EEC
(manual handling of loads) and 90/290/EEC (VDU work).

2 Problem

As a first step the German Arbeitsschutzgesetz requires
analyses of all workplaces in regard to health and safety.
These analyses must be documented and updated on a
regular basis. Following this, measures have to be de-
fined and implemented and their effectiveness has to
be checked regularly. This has to be documented as
well.

For many companies, these requirements lead to the
production of masses of documents that have to be ac-
cessible permanently. A combination of similar mea-
sures for different workplaces, which would be desir-
able for efficiency reasons, is only possible with a con-
siderable effort.

3 Computer-based checklist

Here, the use of computer-based checklists is recom-
mended. These check lists can be stored and updated
any time without larger effort. The database implement-
ed is permanently accessible from different places at
the same time and can be queried and analysed accord-
ing to different criteria.

EUCheck (Figure 1) is a checklist developed by the Insti-
tute of Ergonomics at Darmstadt University of Technol-
ogy and has been used for the analysis and evaluation

of more than 6000 working places in companies of dif-
ferent branches.

The software has a modular structure and takes ac-
count of all criteria of the EU framework directive and
the related German regulations. Depending on the work
place situation single modules can be used or the anal-
ysis can be based on all modules.
Possible determinants for safety and health are asked
from the use form of a questionnaire. Here, a two-step
procedure is applied. If a question can unambiguously
be answered with “no hazard” the user proceeds to the
next question. In any other case more detailed ques-
tions concerning the determinants of the criterion are
requested from the user (Figure 2). In case of shortcom-
ings, questions are asked immediately concerning ade-
quate measures. They are suggested, but can also be
filled in without restrictions.

Figure 1: EUCheck

Figure 2: Part of checklist
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The software covers a broad spectrum of applications.
In special applications this leads to supplements in form
of company specific checklists (Figure 3). Among oth-
ers these supplements have been produced by the In-
stitute of Ergonomics at Darmstadt University of Tech-
nology for biological and chemical hazards in laborato-
ries and biological compost processors.

These supplements can also be produced by users
themselves without external help on the basis of the
handbook.

Most of the analyses carried out so far have been pro-
cessed by users and enriched continuously with updat-
ed data. Here the data are often raised manually and
then forwarded to the database. The requests for exe-
cuting measures and updating data are PC based.

In many applications all features of PC support are used
by means of a centralised administration and a decentr-
alised assembly and updating of data. Pencil and paper
records are almost dispensable.

All users have permanent access to that part of data,
which they are responsible for. They always can
browse, update and download their data and execute
measures that have to be taken. Only regarding of dead-
lines is monitored from a central position.

For comparable work places and similar hazards mea-
sures can be defined centrally, the software will also
communicate the need to implement measures to the
relevant users.

In case of inspection by the responsible official adminis-
trations, all analyses, identified hazards, and defined and
not yet realised measures can be displayed and printed
out on request.

Since all obligations result from the EU framework di-
rective the software can be applied in Member States.
It is possible to provide multilingual facilities. In addition,
the use of many pictographs simplifies the application in
non-German-speaking countries. 
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Figure 3: Part of a specific checklist
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ABSTRACT 

In Bulgaria reforms have been taking place in the economy of as a whole and the sphere of health care. As
expected the latter has a strong impact on the activity of specialists in medicine of work, ergonomics and hy-
giene of work. These specific peculiarities related to medicine combine with some global trends in modern
times. One of these concerns a decrease in costs and upgrading quality in carrying research by utilizing infor-
mation technologies. 
There has been an increasing tendency towards the use of computers in different work places. Thus while
carrying out a work and physiology analysis of on activity one more frequently comes with work places with
VDU. Such cases are the so called “clear” and “super clear” rooms in electronics and biotechnology. Experts
in ergonomics and medicine of work often do not have an easy access to them and as a result such research
is carried out at a slow rate and turn out to be quite costly.
The present paper describes a work scheme employing the new technologies in the evaluation of work
places. So the goal of the scheme realized is the active utilization of the knowledge and experience of the
consultants who in our case are abroad. Low skilled personnel is used to gather the basic part of information
and at a later stage the work of experts for the data evaluation is involved. All this results in a decrease in the
costs of the particular research. A relevant fact is that the lack of highly qualified specialists for this type of ac-
tivity is compensated.
In our work we test different technical equipment to achieve our goals. Different digital cameras and soft-
ware were tested in our practical work. We arrived at certain conclusions such as most cameras offered in
Bulgaria work at a slow rate and this is an obstacle in taking pictures of work operations. There were no avail-
able cameras taking serial pictures of work operations. Taking pictures of work operations was of interest to
us because part of the people perform activities connected with a risk for muskuloskeletal system and work
on computer. An example of the latter are the work places in warehouses where part of packages are manu-
ally processed and then are described by the computer. The final report and tracing is carried by the com-
puter. Digital photography helps in working out the separate parts of the report: a description of the technol-
ogy, an overall description of the activity, description of work movements, work zones, work place. It also al-
lows us to prepare visual documentation which can, at a later stage, serve as a basis for comparison in differ-
ent ergonomic activities (renewal of part of the furniture, introduction of additional devices, etc).

1 Introduction 

The reforms carried out in the economy, and in the field
of health care in particular, impacts the activity of spe-
cialists in labour medicine, ergonomics and the hygiene
of labour. These processes on a national level combine
with certain global tendencies. Among the latter is the
tendency towards reducing costs and raising quality
with regard to research in various sectors by employing
the informational technologies (Gressel & Heitbrink,
1992).

Every labour process can be described as a sequence of
tasks, comprising separate elements (Gressel et al,
1988, Gressel, et al, 1989). When a particular job is anal-
ysed in terms of labour and physiology, the appropriate
and adequate documentation and description of these
tasks will guarantee the success of the final product.
The access of specialists in ergonomics and labour
medicine to a number of working places is limited, and
therefore such studies are difficult to carry out, and rath-
er costly. In such circumstances drawing up the appro-
priate documentation is of prime importance.

2 Results and discussion

The present paper lays down a sample IT working
scheme to make a labour and physiological analysis and
assessment of working places (jobs):
• monitoring the working place and its technological

process and taking digital pictures of the latter;
• the produced pictures are processed, a brief

description of the activity is made, and these are e-
mailed to experts in the field;

• the experts’ comments are received and analysed;
• a reply including extra data to specify further details,

is drawn up;
• a final variant of the recommendations on the vari-

ous working places is made; this final variant takes
account of the experts’ opinion; if necessary addi-
tional measurements and chronometric observa-
tions may be included later.

The goal of this scheme is to utilize the consultants’
knowledge and experience, who in our particular case
live abroad. Personnel of lower qualification may be
used in the preliminary stages to gather information; at
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a later stage, however, experts’ work is made use of to
assess the data. Such organization proved cost-efficient
and reduced the costs of the respective study. Another
important thing is that the shortage of workers high-
skilled enough, is thus made up for.

Several brands of digital cameras and software were
tested in practice. Figure 2 presents the digital cameras
we have used: a. Olympus L400; b. Trust SpyCam; c.
PhotoClip, Daisy Technology; d. Umax DC-F1

Cameras proved too slow, and the fact that there was
no camera with the capacity to shoot serial photos, was
essential to making a precise documentation of the
working place. Working posture (taking unfavourable
working postures)

This manner of working facilitates the drawing up of vi-
sual documentation, that will provide the basis to com-
pare the effects of different ergonomic events (such as
changing the equipment, or the introduction of addition-
al devices, etc.);

The photos helped us detect the risk operations /Figure
3/ in the working places; the photos provided the basis
upon which recommendations were made about ergo-
nomic events.

Figure 4 presents the software we have used to classify
the photos; these photos provide for the import and ex-
port of different file format and adding users’ com-
ments /key words, annotations/ to each photo.

Figure 5 a,b presents two photos of the site where we
have conducted a study to establish VDU operator’s
health status and ergonomic assessment of working
places.

Figure 1: a,b

Figure 2: a,b,c,d

 

Figure 3: 

Figure 4: 
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 Photography guarantees the maximum objectivity in
analysing labour activities, and drawing up the different
sections of the report:
• describing the technologies;
• general characteristics of the activity, a description

of the working movements, working zones, work-
ing place and working space.

Digital photography can be of extreme advantage in
planning, carrying out and recording the results of ergo-
nomic intervention. 
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ABSTRACT 

Within the twelve years of existence of the European Council Directive 90/270/EEC on minimum safety and
health requirements for work with display screen equipment various assessment tools have been developed
to assess health and safety conditions at VDU equipped workplaces. Unfortunately, as most of these tools
are focusing on standard “screen-keyboard-mouse” configurations, workplaces that are adapted to the
needs of the employees (e.g., due to a certain type of disability) or the working conditions / context of use
(e.g., due to certain environmental conditions), cannot easily be assessed. This paper describes the develop-
ment of an assessment tool, which takes also non-standard VDU workplace configurations into consider-
ation, and which can be used both by employees (with and without disabilities) and by health and safety ex-
perts.

1 Introduction

European legislation calls for the assessment of health
and safety conditions at work (Council Directive 89/391/
EEC; European Commission, 1989). An additional spec-
ification focusing on work with visual display units
(VDU) was released 1990 (Council Directive 90/270/
EEC; European Commission, 1990). Unfortunately, this
Council Directive (and all of its national implementa-
tions) is only taking into consideration standard VDU
workplace configurations. However, for various rea-
sons, many VDU equipped workplaces diverge from a
typical “screen-keyboard-mouse” configuration, for in-
stance due to a certain type of disability of the users. To
provide also these employees with an appropriate tool
for health and safety assessment, a fully accessible tool
was developed that guides employees through an as-
sessment, evaluation and documentation procedure at
their own workplace.

2 Tool development

The development of this assessment tool was based on
a VDU workplace model, which is an adaptation of a
general work system model (Luczak, 1998). This VDU
workplace model identifies relevant components of a
workplace system (e.g., hardware, social context,
tasks) and limits the analysis focus to the micro level.
Furthermore, an evaluation and documentation module
was created to compute the collected information and
to provide user’s with documents to be used for the re-
design of the workplace. Final testing of the tool was
carried out in the field. 
The methodical approach comprises three main phas-
es: (i) analysis of risks at VDU equipped workplaces, (ii)
design of the assessment tool, and (iii) evaluation of
quality criteria with redesign.
An analysis of risks at VDU equipped workplaces must
not be limited to the risks already implemented in na-
tional regulations and guidelines. As the focus of the
analysis also encompasses non-standard workplace
configurations, experts in the design of these work-

places have been interviewed. Technical advisors at la-
bor offices (n=57, 58%), specialized on the implemen-
tation of ergonomic workplaces for employees with dis-
abilities, and developers and distributors of disability-
specific input and output devices (n=28, 36%) returned
a total of 72 risks that need to be taken into consider-
ation, many of them matching well-known risks, but
others, e.g., focusing on ergonomic aspects of speech
synthesis or stick operation.

This list of risks combines major risk factors on the
same level as minor risks. Consequently, for economic
efficiency a well-funded ranking is required to distin-
guish between “major” and “minor” risks. The national
supervisory authorities for risk assessment (n=35,
35%) have been contacted to perform this ranking, and
a selection procedure, based among others on their
ranking and on the data dispersion, reduced the set of
risks to 41. In the following step, a set of questions was
created to make these risks identifiable / measurable.
This set had an initial size of approx. 230 questions.
However, only an average of 120 questions were rele-
vant for a specific workplace. An algorithm was devel-
oped to select the appropriate questions for a given
workplace. 

Finally, the reliability measures have been used for the
re-design of questions. While in a first approach 24 of 41
risks were not identified reliable (overall r[1]test-re-

test=0,755; N=14), the re-design resulted in a reduction
of non-reliable factors to 6, mainly stemming from the
assessment of software ergonomic aspects (overall
r[2]test-retest=0,814; N=11; software ergonomic factors
r[se2]test-retest=0,729). The final re-design step reduced
the number of questions to a total of 198.

3 Tool description

The software (named GEA) is structured in four main
parts (see Figure 1). Data acquisition / assessment, eval-
uation and documentation are the main elements re-
quired to perform compliant risk assessments accord-
ing to the legal framework. Data acquisition can be per-
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formed by employees or health and safety experts. The
evaluation is performed by the software. A target group-
specific documentation of the outcomes supports dif-
ferent usage scenarios. As a fourth part a small qualifi-
cation module was implemented to familiarize employ-
ees with the most important health and safety risks at
VDU-equipped workplaces.

GEA supports and assesses different kinds of input and
output configurations, including stick operation (e.g.,
headstick, one finger input), keyboard- or mouse-only
operation, speech control or natural speech output (We-
ber, 1999). It was tested and re-designed in co-opera-
tion with employees who require the above-mentioned
input / output strategies.

The original GEA version runs on WINDOWS 3.1*, 95,
98, NT and respective emulations on other operating
systems. 4 MB RAM, 256 colors display, 18 MB hard
disk space, and a CD-ROM drive are required. For blind
users additionally a sound card, loudspeaker and/or
headphones are required. Dissemination at present is
performed via send-out of a CD-ROM with the software
and supplementary documents.

Currently, GEA is ported to the internet, and users can
perform risk assessments online. Cost-efficiency, avail-
ability / dissemination and software stability have been
improved, but confidentiality issues had to be ad-
dressed. It is planned to have the risk assessment tool
publicly available end of this year after the test phase
has finished.

4  Outcomes

This section is focusing on the one hand on the ques-
tionnaire quality criteria objectivity (paragraph 4.1), reli-
ability (paragraph 4.2), and validity (paragraph 4.3), and
on the other hand on utility criteria (paragraph 4.4) from
the tool’s user perspective.

4.1 Objectivity

Standardized instructions as well as guidelines for the
application of the assessment tool support the objectiv-
ity with respect to the handling, while deterministic al-
gorithms for the computation of data support the objec-
tivity with respect to evaluation and interpretation. 

4.2 Reliability

Reliability was measured twice, once during design to
get hints for improvements (n = 15; aged 27-40, aver-
age 30; 2 female, 13 male) and again at the end to con-
trol the results of the re-design process (n = 11; aged
26-36, average 30; 4 female, 7 male). A heuristic ap-
proach was used to estimate the overall (test-retest) re-
liability (rtest-retest = 0,814).

4.3 Validity

For the estimation of the tool’s validity a comparison be-
tween subjective user data and objective expert data
was performed, i.e., the result is not the validity of the
tool itself, but an indicator of how close the data are. A
Multitrait-Multimethod approach (Campbell & Fiske,
1959) was chosen to explore the closeness of data in a
86 x 86 matrix. Due to experimental constraints just 28
correlations (from 43) could be calculated. 15 correla-
tions were sufficiently high to indicate strong correla-
tions, 13 were not. Both results can be used from ex-
perts to decide, which data can be taken from the user’s
analyses and which data need further examination and
communication with the users.

4.4 Utility

Finally, users were asked to assess different aspects of
utility according to a scale from 1 to 6 (1=very good,
2=good, 3=satisfactory, 4=sufficient, 5=unsatisfactory,
6=not acceptable). The time needed to use the tool was
valued with 1.9, the manual design with 1.8, manual
comprehensibility with 1.6, software design with 1.7,
questionnaire completeness with 2.0, amount of ques-
tions with 2.1 and the personal benefit with 2.5. Regard-
ing the ease of use the usability was valued with 1.9,
and software comprehensibility with 2.1 (see Figure 2).

Figure 1: Main GEA component
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5 Conclusions

Despite it was strived for a complete analysis of a work-
place insufficient reliability coefficients led to the exclu-
sion of software ergonomic aspects from the set of
questions. This outcome corresponds to the scientific
literature regarding the conclusion, that single users
cannot sufficiently assess the ergonomic quality of a
software product (e.g., Prümper, 1997). 
Economic constraints made it necessary to attempt a
compromise between scientific conciseness and appli-
cability criteria during workplace analyses. The compro-
mise developed in this project neither allows to com-
pletely replace an expert’s analysis by an employee’s
analysis nor does it measure objective data for further
processing. Nevertheless, the tool can be used for the
benefit for both parties. Employees will be introduced
with the most important / critical safety and health spots
at their workplaces. The awareness achieved will be of
additional benefit when workplaces are undergoing a re-
design or when employees work from at home. Experts
find a means of communication with the employees
when discussing the results of an analysis.
The benefits can be summarized as follows:
• Applicable by both employees and health and

safety experts;
• Full consideration of non-standard workplace con-

figurations;
• Support of various input / output methods;
• Inclusive approach, which addresses employees

with and without disabilities;

• Diverse application scenarios (e.g., combined
assessment, assessment of home-based work-
places, documentation tool for health and safety
experts).
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ABSTRACT

Dynamic modification of standardized diagnostic methods in occupational psychology may lead to lower qual-
ity standards in assessment. A web-based central storage-system of methods with multi-user-access allows
to control the modifications of such methods. It also simplifies the access to methods as well as access to
respondents, by web-based data collection with the stored methods. The article describes the actual features
of "quest-gate", a web-based solution for the administration of diagnostic methods in occupational psychol-
ogy and related fields of human sciences. Future extensions for the support of validation approaches and
benefits for administrators of diagnostic methods are discussed too. 

1 Problem and Idea

Dynamic modification of standardized diagnostic meth-
ods in occupational psychology (e. g. questionnaires) re-
quires specific qualification in psychological diagnostics.
Otherwise the quality criteria of the method may de-
crease. When the diagnostic method is available as a
computational software the possibilities of making
changes to the method are even smaller. A web-based
central storage of methods may overcome these prob-
lems. Developers of methods have to store their instru-
ments in a common storage structure. This allows to
setup restrictions for the modification of methods or
their elements. A web-based architecture allows easy
access to the method for the administrators of survey
projects ("users" in the sense of the system) and access
of the respondents to the methods sheets and forms. 

2 Basic Demands

Conducting a survey in an occupational context often re-
quires a dynamic modification of standardized diagnos-
tic methods. In principle reliable and valid methods
(which rely on “standards”) are requested in several as-
pect by the client. The results of standardized methods
are supposed to be more trustfully and the client is en-
sured that the content of the survey is proven. There-
fore in a diagnostic process in occupational settings one
of the first steps often is the discussion of a standard-
ized diagnostic method which meets the requirements
of the situation. At least at this time the client starts to
get an idea of the possible features of a “survey”. This
very often leads to the wish of individual modification of
the suggested standard method. The client wants to
add specific and individual content to the questionnaire.
He want to change the original 5-point-Likert-scale into
a ten-point-scale, has a specific idea of the layout of bar
charts in the presentation of the results, etc. Regardless
of all the diagnostic implications that have to be consid-
ered when changing the method according to these re-
quirements, the consultants effort for modification of al-
ready prepared methods increases with each additional

requirement, especially when these methods are com-
puter based.
The possibilities of computer supported methods turn
out to be an additional argument used by the client, to
request modifications of existing tools. The reverse ef-
fect of the rationalization of highly specialized tools has
to be taken into account because the effort for modifi-
cation is strongly related to the degrees of freedom in
the used existing (software-)tools. Typical “office-soft-
ware”-based collections of tools are handicapped in this
aspect. A complete survey solution for the typical re-
quirements addressed to a consultant are often realized
by a mixture of specific software tools. E.g. an appeal-
ing layout of the questionnaire is realized with a text pro-
cessing software. The calculations of the statistical re-
sults are implemented in statistical packages and the
appropriate presentation is set up in a special presenta-
tion software. Each interface between these compo-
nents has to be considered carefully in the design of the
tools with respects to the possible modifications the
next project may imply. The more these components of
tools are interconnected to enhance automatic and ra-
tional work of the consultant, the more effort is induced
by changing requirements in varying applications. The
typical functions, which are required when conducting a
survey, are implemented in the web-based diagnostic
system “quest-gate”.

3 Actual features and Common 
Structure

The systems architecture is based on a hierarchical and
modular segmentation of diagnostic methods. A quick
modification of standardized instruments is supported
by this. On the other hand the hierarchical and modular
structure allows the implementation of rules, which
control intended and unintended modifications of stan-
dardized methods.
A user in the web-based diagnostic system is supported
in all the phases of a typical survey project. The user can
set up “projects” as the highest hierarchical level within
the system. A “project” is divided into features of the
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“sample” (e.g. branch, gender, age etc.) and features of
the diagnostic “method” or “set of methods” itself.
This separation allows consultants to reuse the settings
of the sample in follow-up orders of the same client for
further investigation with other diagnostic methods.
Furthermore it allows reusing the same “method” in
other “sample”-settings. In both aspects the hierarchi-
cal structure of the system supports a quick modifica-
tion and recombination of prepared structures with re-
spect to resource limitations of consultants. Moreover
a sophisticated design and maintenance of data collec-
tions and method collections for scientific researchers
is enhanced. The hierarchical structure can be broken
down to the basic units of diagnostic methods (the
stimulus material) and the basic units of the samples
(the features of the respondents). “Quest-gate” basical-
ly allows to recombine elements and sub-sets of ele-
ments on each level of these hierarchies. By this a con-
trolled and flexible use of methods is supported.

The possible modifications of implemented diagnostic
elements are controlled by sets of rules and rights.
These sets of rules are an interface between the inten-
tions of the constructors of methods and the users of
the methods. In principle, each user of the system is a
constructor of methods. Sophisticated users with ad-
vanced knowledge in social and psychological diagnos-
tics are allowed to access and change even very basic
rules for modification of questionnaires (e.g. the com-
plete change of the response categories of a rating-
scale). Presupposed the constructor of the method has
granted these basic rights. A non-experienced user has
only limited control over these types of modification. In
the most simple case he can only copy a complete
method and apply the method unchanged in a specific
project even if the constructor has granted rights to
change certain aspects of the method. The rights of us-
ers and constructors of methods are organized in a hier-
archical relationship to guarantee “intended quality” in
the community of “quest-gate”. By this the probability
of diagnostic mistakes due to modifying methods with-
out diagnostic knowledge is controlled by the commu-
nity. The given rights on the other hand correspond to
the desired degrees of freedom in a flexible use of
methods. There is no implemented software quality
check to guarantee sophisticated diagnostic methods.
There is no use of artificial intelligence to prevent the
use of invalid diagnostic methods. And only artificial in-
telligence may come close to a requirement of automat-
ic validation of methods. The intention of the system is
to support flexible use of methods by overcoming tech-
nical restrictions in the maintenance of collections of di-
agnostic tools. The architecture of the system allows to
supply more or less experienced users with the implicit
diagnostic knowledge of more advanced constructors
of methods. So the quality of the implemented and pub-
lished methods and the control of this quality remains
an important part of the power of “quest-gate”.

4 Extensions under Consideration

Validation and reliability testing can be conducted in
many ways, depending on the scientific setting in which
a diagnostic method is developed. A common software
package to conduct statistical analysis for this is SPSS®.
SPSS® features a standardized command syntax to de-
scribe the statistical calculations in a validation ap-
proach. “Quest-gate” will allow the continuous adop-
tion of a validation process when the original SPSS®-
syntax is used for documentation of the validation ap-
proach. Scientific researchers with advanced statistical
background will be able to transfer their valid methods
together with the original SPSS®-syntax of an initial val-
idation phase into the system of “quest-gate”. The ele-
ments of the syntax are related to the elements of the
implemented method. By this the system can mirror
each modification of the method in the SPSS®-syntax.
The system will modify continuous and parallel the
SPSS®-syntax used for the original validation of the im-
plemented method. Finally it will be possible to transfer
the collected data and the adopted SPSS®-syntax from
“quest-gate” back to SPSS® for further validation and
reliability testing. Users with a comparable qualification
in statistics can use the transformed SPSS®-syntax and
the exported data to conduct own follow-up validation
processes. “Quest-gate” has not implemented statisti-
cal functions comparable to SPSS®. Its strength lies in
the compatibility to such software when required. But
even with less sophisticated claims “quest-gate” helps
to design and conduct good surveys.

5 Exploitation

The web-based portal "quest-gate" has been used in
several data collections for different occupational and
scientific purposes. The actual features are suitable for
the realization of web-based methods of the following
kinds:
• assessment of leadership-behavior, occupational cli-

mate, working conditions, satisfaction with work,
quality of customer-relationships and qualification
demands

• market analysis
• project evaluation
Before access to methods of other constructors was
granted approximately 1600 items have been in work
within the system and approximately 4000 respondents
have answered to specific questionnaires. Some of the
items have to be considered being test-items, which
have not been in use within real public projects. Multiple
response categories are counted as singles items in this
calculation, due to the systems architecture of handling
the stimulus material in response units.
Most of the public projects have been conducted direct-
ly over www-access into the system. At least two
projects have been in use within intranets of compa-
nies. The collected data of those intranet-solutions can
be re-imported for data-analysis into the web-system.
This separated structure of the system allows to ad-
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dress respondents who cannot access the www direct
but have access to intranet connections.

6 Benefits and Use

6.1 Benefits for Public-Users

The idea of a marketplace of methods and data collec-
tion is realized in “quest-gate”. It addresses scientific
researchers, who want to develop advanced diagnostic
methods for certain topics in their field of research but
who wish to have more opportunities to gain experienc-
es with these methods. It addresses practitioners as
well, who require methodological input and therefore
may offer good opportunities for data collection. Via the
possibility to publish within “quest-gate” users / con-
structors can get an idea of the actual requirements in
the construction of methods. Scientists have the
chance to see actual topics of analysis in occupational
settings when looking on methods published by practi-
tioners. Practitioners on the other hand can access up-
to-date methods of scientists that are maintained and
developed in controlled settings. They can also refer on
benchmark data of those users who grant the right to
compare aggregated and anonymized data based on
comparable stimulus material.

6.2 Benefits for Non-Public-Users

Even if a user does not want to use the option of publi-
cation of his methods or his anonymized data, the sys-
tem supports more than just the technical aspect of
conducting a survey via web or with a paper-pencil-
method. If he organizes his methods and data in the
suggested structure or if he uses prepared and publicly
available elements in his projects, the system uses the

implicit structure of the elements and the rules to make
suggestions on how to improve and develop the con-
duction of a survey project. This is realized mainly by
comparison and detection similarity between elemen-
tal organization in other similar projects. Requested pri-
vacy is ensured.
All these features are implemented with the intention
to create a link between ergonomics and social scien-
tists as professionals in the use of questionnaires and
occupational users, who need methodological support
in conducting data collection and analysis. Therefore a
web-based structure has been chosen as basic technol-
ogy. This leads to cutting-edge-possibilities of sharing
validated diagnostic methods for the sake of those who
deserve good methods and those who are looking for
practical implications for their methods and easier ways
of data collection. The system “quest-gate” can be
seen as a web-portal to combine especially these inter-
ests. At least “quest-gate” supports several interfaces
to classical methods and techniques of data collection
and analysis via export and import functions and a data
entry module. By this it is possible e.g. to set up a ques-
tionnaire with elements of the web-catalog, collect data
via internet and export the collected data into the exist-
ing office-tools for calculation and presentation. Or the
data of a paper-pencil-based questionnaire can be col-
lected via internet by a spatially separated research
team and results can be published in real-time via inter-
net.

7 References

The actual status of the realized features in “quest-gate” and
the terms and conditions of use can be seen on www.quest-
gate.com.
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ABSTRACT

Swedish experience and plans for certification of products for IT support from the end users’ perspective are
described and analysed. It is based on the Scandinavian tradition of strong involvement of users in all stages
of IT development as practised by the trade union confederations TCO and LO. The notable success of the
TCO labelling of personal computers and display screens is inspiration for labelling of flat displays, of mobile
phones and of  IT systems for support of daily planning by the end users at workplaces.

1 Introduction 

Information technology (IT) is extraordinarily important
at most workplaces in the industrialised world. The
question of how well IT tools – which include personal
computers, systems and software – are designed to
meet the needs of the workplace users is crucial to their
ability to use and develop their professional skills.
User-adapted tools create conditions for preventing
work-related health problems, as well as facilitating
work and keeping production stops to a minimum, thus
contributing to the overall financial wellbeing of the
company.
In order to create good IT support involvement of end
users is required in all stages: innovation, specification,
design, purchase, implementation, introduction and fur-
ther development. This is the basis for the Scandinavian
cooperative design tradition, with roots in the 1980s
(Bødker et al 1987), (Bødker, Ehn, Sjögren, Sundblad
2001).
Here we specifically look at how certification of IT prod-
ucts, introduced by large end user organisations, Swed-
ish trade union confederations, has proved to be an ef-
fective tool for continuously improving overall usability –
and environmental aspects. Certification makes it easier
for companies and end users to identify high-quality
products when purchasing IT support. 

2 TCO certification of IT equipment 

TCO, the Swedish Confederation of Professional Em-
ployees, has worked persistently and methodically for
twenty years to develop user and environmental re-
quirements for IT equipment in close collaboration with
users and researchers in a range of different fields, see
(Boivie et al 1997) and (Hollander 2001).

2.1 TCO'92, TCO'95, TCO'99

 At the WWDU conference in Berlin 1992, TCO
launched TCO'92 – the first step in a quality and environ-
mental certification programme for IT equipment. The
requirements covered electromagnetic fields, energy
efficiency and electrical and fire safety. These initial re-
quirements have been developed further into the

TCO'95 and TCO'99 standards and ergonomic and eco-
logical aspects have been added. The requirements that
must be met for a product to bear the TCO label have
proved to match those expressed by the users. The la-
bel has become a de facto international standard with
respect to quality (occupational safety and health as-
pects) and environmental requirements. Some 4,000
different models have been certified, and about 200 mil-
lion computer users have thus far benefited from the
advantages offered by the standard. 

TCO started in the beginning of the 1980s to draw up re-
quirements for displays as a response to the increasing
number of reported health problems associated with IT
equipment of poor quality. Sight problems, strain inju-
ries and worries about the effects from electromagnetic
fields were the most important issues.  

At that time there were no reliable methods available to
evaluate the qualities of the displays. Employers did not
have the power to influence the IT-manufacturers to im-
prove their product nor did they have the will or compe-
tence to do so. They had to use the technology that was
offered on the market. And that technology was not
good for the users. 

By developing test methods and user tools making it
possible to engage many users in Sweden as well as in-
ternationally, TCO was successful in creating a move-
ment that put the pressure on the manufacturers. The
Screen Checker was a simple checklist that made it
possible for the users to evaluate the ergonomic quali-
ties of their own displays and keyboards. The Screen
Checker was followed by Screen Facts in 1991, a bro-
chure that was elaborated in close co-operation with ex-
perts and scientists. 

By developing the requirements into more distinct and
detailed specifications that could be verified by tests
and evaluation by independent test laboratories, a certi-
fication system was created. This increased the motiva-
tion for the manufacturers to improve their products
and thus achieve the TCO certificate as a reward for
their efforts. Today the TCO label can be seen on dis-
plays all over the world; in French steel mills, Swedish
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insurance companies, Japanese banks and U.S. car
manufacturers just to mention a few examples.
The requirements and test methods for TCO certifica-
tion as well as a list of certified products are
today easily accessible through a web-site
(www.tcodevelopment.com). This is an important fac-
tor that has influenced the international demand of
TCO-labelled products. 

2.2 Next steps in display certification

At this year’s WWDU conference, TCO Development is
pleased to announce the next step in its programme for
IT equipment certification. The requirements are mainly
concerned with the area of visual ergonomics, where
there have been rapid technical developments in the re-
cent years. The final labeling documents will be ready
during early autumn.
A draft standard for the next generation of displays (CRT
and Flat Displays) was sent out in February 2002 and is
open for comment until May 31st.

2.3 Mobile phone certification: first steps

Most recently TCO Development launched the world’s
first quality and environmental label for mobile phones,
TCO’01 Mobile Phones. The labeling has been intro-
duced due to the fact that a lot of people gets feelings
of discomfort and inconvenience when using a mobile
phone. The labeling was developed in close co-opera-
tion with external partners with specialist skills and cov-
ers the area emission, ergonomics and ecology. The fol-
lowing example of labeling requirements can be used
as a guide when purchasing a mobile phone.
• Low emission (radiation), max SAR-value 0.8 W/kg
• A communication ability TCP, of min 0.3 W
• No occurrence of cadmium, mercury and beryllium

oxide
• Restrictions for lead and flame retardants
• No occurrence of chromium or nickel in surface

parts to avoid contact allergies
• Ergonomic requirements for keys, display and man-

ual

3 LO’s Users’ Award project

Inspired by TCO’s work, the Swedish Trade Union Con-
federation (LO) – largest in Sweden, 2.2 million mem-
bers, launched the “Users’ Award” project in 1999.
While an increasing number of employees are now in-

volved in long-term development of the companies they
work for, IT systems do not provide sufficient support
for this trend. Thousands of millions of EUROs are
poured into installation of IT systems that are difficult to
understand and not well adapted to the intended uses. 

3.1 Survey: workplace users’ satisfaction

A survey by LO of users at 1,200 Swedish workplaces
in the industrial sector shows that there is great dissat-
isfaction with the way IT 
• IT support is considered to have improved collabo-

ration and communication at only one in ten work-
places.

• One in ten users receives sufficient training in the
use of the system.

• One in five feels that IT support has been and can
be easily adapted for use with new tasks or organi-
sational changes.

• Less than half feel that IT support contributes posi-
tively to operations at their workplace. 

3.2 Users’ Award research activities 

The “Users’ Award” project aims to promote the devel-
opment of innovative IT support that provides users
with a better overview of their company’s operations,
and facilitates their ability to influence the company’s
business.  The project will help to persuade suppliers to
deliver better programs and use better implementation
methods. The system innovations that result from us-
ers collaborating with suppliers produce better solu-
tions and improved commercial value – both for the sup-
pliers and for the companies that use their products.
Comprehensive survey and development work is car-
ried out in close collaboration with researchers at CID,
the Centre for user oriented IT Design at the Royal Insti-
tute of Technology in Stockholm. CID is an interdiscipli-
nary competence centre with researchers from technol-
ogy, human and communication sciences, design and
art. Researchers in human-computer interaction, indus-
trial economics and manufacturing technology from re-
search institutions in Uppsala, Gävle and Luleå also par-
ticipate.
The project activities, in close co-operation with work-
place users, include pilot projects on IT support for shop
floor visualisation/simulation, for providing an overview
of operations and systems in use and for mobility in
healthcare. Other studies cover methods for imple-
menting business systems at workplaces and for inte-
gration of system components from different suppliers. 

3.3 Yearly prize nominated by end users 

Yearly from 2000 a prize has been awarded by LO, TCO
and CID to IT support nominated by satisfied users at
workplaces as good technical and social examples.
Each year we got about 25 nominations, of which 10 are
selected on basic descriptions for visit and interviews
and questionnaires with the users. A jury selects a win-
ner and a runner-up among the 10. 
Common qualities that users value in IT support are the
opportunity to participate in and influence implementa-
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tion, to gain an overview of the tasks involved in the
company’s work, opportunities for follow-up work and
training, and to simulate and test different actions. In ad-
dition to these qualities we have observed that all nom-
inees save workplace resources, human, material and
time.
The first winner (May 2000) was a time scheduling sys-
tem, TimeCare, at the emergency department at a hos-
pital, Falu lasarett, where the nurses through a clever
flexible planning program get work schedules much
better adapted to their needs outside work than before.
Sick leave has decreased 25% and the employees de-
scribe it as ‘much more freedom in the whole life'.

3.4 User certification

Experience and results from these activities form the
basis for the Users’ Award quality criteria for user certi-
fication of IT support. The list of criteria contains about
40 items under the headings Usefulness, Implementa-
tion methods, Technical design, Influence on work-re-
lated tasks, Work organisation and co-operation, Follow-
up and development. The first results from the certifica-
tion process will be published in 2002. The experience
from certification, requirements development and pilot
projects will also be used in efforts to create a “users’
movement” on workplace IT support. UsersAward will
influence the system developers to provide better appli-
cations and structured implementation methods. The
collaboration between users and developers will in the

long run prove to give market benefits for both develop-
ers and the companies who use their products.
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