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ABSTRACT

People strive for goals. If there is the threat that a specific goal, which is important for the self, will not be
reached, people tend to engage in "symbolic self-completion". They try to compensate the threat by using
symbols, which have a positive association with the goal. In an experiment, homepages of students of com-
puter science and mathematics and students of social science and philosophy were analysed. In a pilot study
it was shown that both groups of students were seen as very competent in their field of study but students
of computer science and mathematics were seen as less humorous and less personally interesting com-
pared with the other group. According to the theory of symbolic self-completion this should lead to a higher
need for self-symbolizing. Using the personal homepages as data, we found students of computer science
and mathematics to report more on personal issues than students of social science and philosophy. This con-
firmed the theoretical predictions.

1 Introduction

The self consists of all knowledge and beliefs individu-
als hold about themselves. They strive for self esteem:
They want to be seen in specific ways and try to present
themselves positively. Thus establishing and maintain-
ing self-esteem is a major issue. A positive evaluation of
the self is the result of favorable comparisons with oth-
ers on relevant aspects. However, if individuals’ experi-
ence discrepancies between their self evaluation and
reality, respectively, they feel threatened.

The theory of symbolic self-completion (Wicklund &
Gollwitzer, 1982) focuses on individuals who strive for
something that is not yet reached and that they need for
their selves. The theory has three postulates (Wicklund
& Gollwitzer, 1982, pp. 46-47). (1) People who experi-
ence a shortcoming in a self-definition they feel com-
mitted to engage in “self-symbolizing”. For example, a
student who wants to become a good manager (the self
definition) but fails in a class exam (experiences a short-
coming) may show photos of known managers on his
personal homepage and/or wear manager-like outfits.
(2) Individuals will feel more complete if their self-sym-
bolizing is perceived by an audience. Thus to feel more
complete it is necessary to demonstrate the manager-
like outfit (the “symbol”) to others. (3) Individuals do not
care about the recipients real associations with their
self-symbolizing. Whether the manager-like outfit is per-
ceived as pointing at rich parents, as an inappropriate
clothing for students, or as looking like a manager does
not matter.

With the World Wide Web, new ways of communica-
tion are available which offer new ways for self presen-
tation. One of these new communication means are
‘personal’ or ‘private’ homepages. These homepages
are created by an individual in order to present the self
to an audience (Döring, 1999). Homepages include ele-
ments like texts, visual design, buttons, graphs, pic-
tures, links, etc. To maintain a personal homepage can

be understood as “self-symbolizing” and the elements
used as “symbols”.
A study was carried out that tested predictions of the
theory of self-completion by analyzing the information
and links presented on students private homepages.

2 Pilot Study 

Twelve statements about personal competence (know-
ing about computers, societal issues), private interests
(many leisure activities) and personal characteristics
(humorous) had to be answered on a scale from 1 (com-
pletely agree) to 6 (completely disagree). Students of
computer science and mathematics (C&M) rated them-
selves and students of social science and philosophy
(S&P). Students of S&P rated also themselves and stu-
dents of C&M. The results revealed different stereo-
types. C&M students were seen by S&P students as
very competent in their field of study, but having few
social contacts, having few interests outside of their
field and being less interesting. In contrast, C&M stu-
dents viewed themselves more positive. Such a dis-
crepancy between how students were seen by others
and how they see themselves did not exist for S&M
students. They saw themselves and were seen as pos-
itive.
Given that self esteem depends on both, competence
in the field and personal qualities, students of C&M
have reached the former but not the latter. Symbolic
self-completion predicts a stronger need for self-com-
pletion for C&M students with regard to personal quali-
ties (social, humor, hobbies) compared to S&P stu-
dents. The following analysis of personal homepages
seeks to test this prediction.

3 Analyzing Personal Homepages

The University of Marburg offers students a possibility
to put their personal homepages onto the internet for
free. One hundred five homepages from students of
the faculty of C&M (N=50) as well as the faculty of S&P
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(N=55) were analyzed. In total, these homepages con-
sisted of 878 single pages. In the following, only signif-
icant results will be reported.

3.1 Number of pages

The typical homepage consisted of 8,4 pages, with an
average of 9,0 pages for C&M students and 7,8 pages
for S&P students. That is, C&M students present signif-
icant more information. Only 20% of single pages main-
tained by the C&M students and 31% by S&P students
were relevant to their field of study.

3.2 Personal information

66% of C&M compared with 55% of S&P students pre-
sented personal information (Vitae). The information
presented by C&M students was more detailed, dis-
closed more private information and more often a pic-
ture of the person.

3.3 Links

In total, 2690 links were provided on the homepages,
with an average of 33 for homepages of C&M students
and 19 for S&P students. As can be seen in, the home-
pages of S&P students included more links with rele-
vance to their field of study, whereas C&M students in-
cluded more links that were not relevant to their subject
of studies. A further analysis showed that C&M stu-
dents included more links to family, friends and humor
compared to S&P students.

4 Discussion and Conclusion

In a pilot study for C&M students a discrepancy be-
tween the ideal (positive) self evaluation and the exter-
nal (negative) evaluation was observed. It was hypothe-
sized that the discrepancy will be compensated by
means of symbolic self completion, for example, by an
increased usage of symbols on personal homepages
that address private interest and personal qualities.

The analysis of private homepages supported this hy-
pothesis: C&M students used their personal homepag-
es to present private information about themselves,
such as being humorous or being surrounded by their
friends and family.

5 References
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Figure 1: Percentage of different types of links for stu-
dents of computer science and mathematics (C&M)
and for students of social sciences and philosophy
(S&P)
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ABSTRACT

Objective of this work is the methodical foundation of the usability engineering process for eLearning soft-
ware by combining concepts and methods of interaction, information and didactical design. The result of this
synthesis is the method Didactical Interaction and Information Design (DIID). DIID helps to structure the de-
sign process, to reduce the complexity of the design tasks suitably and to remind the designers of the central
design problems.

1 Introduction

The next generation of eLearning software should base
on the didactical foundation of modern pedagogical and
psychological theories such as "open learning", "activity
theory" and constructivism" (Schulmeister 1997). Such
software should include aspects of collaborative learn-
ing. Furthermore, the information design of this soft-
ware must take into account the discussions focusing
on hyper culture (Warnke et al. 1997).
These considerations lead to the main question of this
paper: 
How is it possible to support the design process of such
networked hypermedia-based learning landscapes by a
method?
As an enhancement of standard usability engineering
methods like "contextual design" (Beyer 1998), "usability
engineering lifecycle" (Mayhew 1999), "MUSE" (Gorny
1995) and "MUSE II" (Daldrup 1996) I developed the de-
sign method "Didactical Interaction and Information De-
sign" (DIID) to support the design of a space and time
dependant didactical information continuum consisting
of a combination of hyper-text, hyper-audios, hyper-vid-
eos, 3D-animations, simulations etc. One of the main
objectives of DIID is to leave open as many options for
the realisation of the interface as long as possible.
Moreover, it aims at reducing the complexity of the de-
sign decisions by a systematic context-oriented analysis
and by distinguishing macro and micro design. Each ab-
straction level is further broken down into three design
views, namely a conceptual view, an interaction view
and a presentational view.

2 Context-oriented analysis

Let me elaborate DIID in detail by providing the example
of designing a virtual "study landscape" as an enhance-
ment of traditional study situations. 
Phase 1: The context-oriented analysis starts with an
identification of appropriate learning contents for the
"study landscape" by actively searching for learning con-
tent which is difficult to teach with traditional teaching
methods and which is especially suitable for being rea-
lised within the context of an eLearning software.
Phase 2: The second phase of the context-oriented
analysis is a workshop where experienced students and
lecturers look in detail at the problems of teaching the

identified content with traditional teaching and the vi-
sions on realising the content in a virtual "study land-
scape".

Phase 3: The last phase of the context-oriented analysis
should be a detailed analysis of the didactical conditions
focusing on the four aspects "university", "science",
"study landscape" and "student".

3 Macro level

On the macro design level, the designers will develop a
model concerning the rough structure of the study land-
scape. The main objective at this level is to compile glo-
bal design decisions. 

3.1 The conceptual view

In the conceptual view of the macro level, the didactical
concept and the results of the context-oriented analysis
are transformed into decisions concerning the user in-
terface. At first we determine who the future users of
the eLearning software will be. In the context of a de-
sign process it is typically not possible to identify the in-
dividual characteristics of every single user. Instead the
users are categorised into groups by the roles they
adopt while working with the software. Typical roles of
users of an eLearning software can be beginner, inter-
mediate and advanced learner as well as the roles
teacher and tutor. Next the designers have to look at the
learning tasks which the users shall work on with the
software in their certain roles. These tasks are linked to
learning objectives, which describe the desired behav-
iour change of the learners. For processing of every task
we need a visible or invisible work schedule, which sub-
divides the task so that the learners can control their
learning processes. To subdivide the processing of a
task by a learner with the help of a work schedule we
use the methodical instrument of "guide questions".
With the help of guide questions the learning content
can be elaborated. In didactical concepts with a focus
on learner activities the focus lies on an active work
with studying objects and learning contents, which
form the starting point of the learning process. These
possibilities are normally not taken into account in usual
web-based hypermedia learning materials. The central
objects of the conceptual model on the macro level are
hypermedia-elements, which represent learning con-
tents, where guide questions are answered, work
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schedules documented and learning products realised.
E.g. hypermedia-elements can represent hypertexts,
hyper-videos, hyper-audios or scenes in a virtual world.

For each of the described objects (users, learning objec-
tives, learning tasks, virtual work schedules, guide
questions, the learning content, learning products, hy-
permedia-elements) the designers have to document
the relevant ergonomic and didactical attributes for the
design process.

3.2 Interaction view

After in the conceptual view a model of the intended
product has been described we shift to the interaction
view, where the possibilities of the behaviour in the
eLearning software should be designed. The designers
have to model the "opportunities for action" by creating
the network of hypermedia-elements identified in the
conceptual view. This means in concrete that for every
role and for every learning task the logical cohesion of
these hyper-nodes must be modelled by defining which
transitions shall exist between every pair of hyper-
nodes.

Besides modeling logical relations of hyper-nodes the
designers have to determine meaningful sequences of
nodes so that the learner can process his learning task.
By specifying these logical and temporal transitions be-
tween hyper-nodes it is possible to model the user’s
navigation while solving the learning task and describe
the dramaturgical staging of the didactical process.
Since at this level only a description of the hyper-node
network is possible the designers have to go back to the
macro level later on when they design the components
of hyper-nodes in detail at the micro level and find out
that additional transitions between the hyper-nodes are
missing.

3.3 Presentational view

In the presentational view of the macro design the de-
signers have to model global decisions concerning the
presentation of the future prototype of the user inter-
face. At first it must be determined which input and out-
put hardware is necessary. With larger products it
makes sense to develop a product style guide as May-
hew suggested (Mayhew 99) in which global design
rules, screen design standards and design samples are
collected. For this purpose layout samples for some
types of hyper-nodes can be outlined. By using such
samples and applying a product style guide the confor-
mity of the product with user expectations and its self-
descriptiveness can be increased.

4 Micro level

Based on the results on the macro design level, the de-
signers have to work out the micro design of each hy-
per-node. This is the micro design level. As an example
we investigate the simulation of bézier-curves as part of
a network of computer graphics hypermedia-elements. 

4.1 Conceptual view

The design decisions of the macro level (regarding role,
learning task, learning objective, work schedule, learn-
ing product, guide question and learning content) repre-
sent the foundation for the development of a special-
ised conceptual model describing the abstract aspects
of the user interface realising a simulation of bézier-
curves. The user role is inherited from the macro to the
micro level. Describing the work with a simulation of
bézier-curves the designers determine for each user
role specialised learning tasks within the tasks of the
macro level. With the specialised learning tasks also
specialised learning objectives and specialised learning
contents are connected. For these specialised learning
tasks, objectives and contents the designers have to
define similar ergonomic and didactical attributes as on
the macro level.

The future users of the simulation will execute their
learning tasks concerning the bézier-curves manipulat-
ing virtual studying objects (e.g. a bézier-curve) on the
user interface. The possibilities of handling these virtual
study objects (e.g. changing the degree of the curve) is
realised through software tool functions. Gorny differ-
entiates four categories of tool functions namely "appli-
cation function", "adapting function", "control function"
and "meta-function" (Gorny 95).

An additional potential of web-based eLearning soft-
ware lies in the support of team oriented scenarios. For
the manipulation of virtual studying objects by a group
of learners this means that the corresponding tool func-
tions have to be available not only locally for one single
learner but also simultaneously for a group of learners.
Activating a global tool function means that several us-
ers will be influenced by the consequences of this func-
tion. The designers have therefore to distinguish be-
tween local and global tool functions. Especially for the
design of global tool functions they have to deliberate
special design principles for teamwork (e.g., Herrmann
94). For an unintentionally triggered global tool function
a standard “undo” function is challenging, since in the
meantime other team members might have changed
the actual state for their further work. Meta functions in
the form of warning notes and safety queries obtain
great importance to remind the activating user about
the consequences when he triggers a global function.

4.2 Interaction view

In the interaction view of the micro level the designers
concentrate their design activities on the two tasks of
specifying suitable dialog types for the tool functions
and describing the dialog structure. This concretely
means that they have to model the users interaction
possibilities with the virtual studying objects and that
they have to document the relevant interaction charac-
teristics. Dialog types describe the handling of virtual
studying objects. For each tool function identified in the
conceptual view the designers specify proper dialog
types considering relevant didactical and ergonomic as-
pects. Gorny distinguished the dialog types "command
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dialog", "data input dialog", "multiple choice dialog" and
"object manipulation" (Gorny 95). Combinations of these
basic types can be applied to form complex dialog struc-
tures such as forms, dialog panels etc.

The second task the designers have to work on in this
view is related to the dialog procedure. They define per-
missible orders for the call of tool functions by specify-
ing the preconditions of activating such a tool function
and documenting the post conditions after executing a
tool function. E.g. a precondition for triggering a deleting
function can be that the object to be deleted is highlight-
ed.

When the designers describe the dialog procedure they
model the workflow of a single user processing his
task. Modelling the interaction aspects of teamwork
signifies that also the co-ordination, co-operation and ac-
cess conditions have to be determined. Co-ordination
conditions shall avoid access collisions of multiple users
to common objects with exclusive data. If e.g. a user
edits a file, then other users could be forbidden to edit
or to delete this file at the same time. If some access
rights for common data objects like the right to reading,
changing, deleting, executing etc. exists then the use of
functions accessing these data objects depends on the
corresponding access rights, which have to be mod-
elled in this view.

4.3 Presentational view

In the presentational view the designers develop a
mockup of the simulation user interface. They deter-
mine concrete manifestations for the dialog types fixed
in the interaction view. This concretely means that for
every tool function or for every group of tool functions
the presentation of the dialog types is designed. The fi-
nal result of this design view is a prototype of the user
interface of the designed simulation. In this prototype all
elements of the user interface are completely described
and the final layout is developed.

5 DIID walk through

A complex system like an eLearning software can only
be successfully designed if the designers follow an iter-
ative procedure. DIID leads the designers to work on
every design object by switching the design views and
by changing the abstraction level of consideration (mac-
ro and micro design). The design decisions in the three
design views and at the two abstraction levels are ex-
tremely dependent on each other. DIID solves this prob-
lem by giving the designers advise to build up chains of
decisions and to take into account the relevant didacti-
cal and ergonomic criteria.

6 Conclusion

The design method DIID has been tested in a few de-
sign processes to enhance the "study landscapes" with
their conventionally organised lectures by eLearning
material.
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ABSTRACT

Software possesses both "pragmatic" and "hedonic" quality. Whether a software with a high pragmatic or he-
donic quality is experienced and judged as appealing may depend on the "usage mode" the user is in. Two us-
age modes are distinguished: a goal mode and an activity mode. For the present experiment, participants
were either set in goal mode or activity mode. They used and evaluated two different Web sites. The results
showed that in activity mode appeal was determined solely by perceptions of hedonic quality, whereas in
goal mode both qualities played a substantial role. This demonstrates how software product evaluation (i.e.,
sources of appeal) depends on different usage situations.

1 Introduction

Software possesses different qualities: "pragmatic qual-
ity" (PQ) and "hedonic quality" (HQ) (Hassenzahl, in
press; Hassenzahl, Burmester, & Beu, 2001; see also
Logan, Augaitis, & Renk, 1994). PQ addresses human
needs for security, control and confidence. It refers to a
software's usefulness, expressed by product character-
istics such as "clear", "supporting", and "controllable".
HQ addresses human needs for excitement (novelty/
change) and pride (social power, status). It refers to
quality aspects such as "innovative", "exciting", and "ex-
clusive". The perception of a software's PQ (e.g., "It is
controllable") and HQ (e.g., "It is exciting") is separated
from its overall appeal (e.g., "It is good"). The individual's
perceptions and evaluation will lead in turn to emotional
(e.g., pleasure) and behavioral consequences (e.g., in-
creased time spent with the software).

Whether a software with a high PQ or with a high HQ
is experienced and judged as appealing may depend on
the "usage mode" the user is in. Based on Apter's
(1989) "reversal theory", I distinguish two different "us-
age modes", namely a goal mode and an activity mode.
In goal mode the goal shapes all activities. The software
is just "a means to an end". Individuals in goal mode try
to get the task done and to be efficient. They describe
themselves as "serious" and "planning". In activity mode
the activity is important and goals are defined "on the
fly"; these goals are volatile. The software is an "end in
itself". For individuals in activity mode efficiency and ef-
fectiveness are less important. They describe them-
selves as "playful" and "spontaneous".

The present paper addresses the question if the relative
contribution of perceived PQ and HQ to a software's
appeal depends on the usage mode the user is in.

2 Method

Study objects. The Web sites Löwenbräu Beer (http:/
/www.loewenbraeu.de, ) and Jägermeister Liqueur (ht-
tp://www.jaegermeister.de) were used as study ob-
jects. Their functionality and content was quite similar,
but their visual and interaction styles differed.

Usage modes. Participants were either set in goal
mode or activity mode by different instructions. Under
goal mode instruction, participants had to solve a num-
ber of tasks, such as finding the year the brewery/distill-
ery had been founded, while being observed by the ex-
perimenter. Under activity mode instruction, partici-
pants were told to explore the site the way they want-
ed to. The experimenter left the room and returned
after 15 minutes.

Measures. After using each site, pragmatic quality
(PQ), hedonic quality (HQ) and appeal (AP) were mea-
sured with a semantic differential (e.g., Hassenzahl et
al., in press). An additional "usage mode scale" (UM)
was used as manipulation check for the mode instruc-
tion. All scales consisted of a number of 7-point items
ranging from -3 to +3 (see Table 1 for an overview). PQ
and HQ did not correlate significantly (goal mode:
r=.21, n.s., N=24 [12 participants * 2 Web sites]; activ-
ity mode: r=.31, n.s., N=22, [11 participants * 2 Web
sites]).

Participants. Twenty-three individuals (twelve women
and eleven men) participated in the study (mean: 39.17
years, range: 23-59 years).

Predictions. (1) The perception of PQ and HQ may dif-
fer between Web sites, but will not differ between us-
age modes; no significant interaction should be found,
and (2) in goal mode, the correlation between PQ and
AP should be higher than between HQ and AP, where-



The Importance of a Software's Pragmatic Quality Depends on Usage Modes

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

276 Marc HASSENZAHL (1), Robert Kekez (2) and Michael Burmester (3)

as in activity mode, the correlation between HQ and AP
should be higher than between PQ and AP.

*) all items were translated from German;
**) Cronbach's Alpha, N=46, 

3 Results

A 2x2 analysis-of-variance with "Web site" (Löwenbräu,
Jägermeister) as within-subjects factor, "instruction"
(goal mode, activity mode) as between-subjects factor
and the UM scale as dependent variable showed a sig-
nificant main effect for "instruction" only (F(1,21)=6.06,
p=.023). Thus, the manipulation of the independent
variable was successful.

Two 2x2 analyses-of-variance with "Web site" and "in-
struction" as factors and PQ and HQ as dependent vari-
ables showed a significant main effect for "Web site"
only (F(1,21)=5.76, p=.026), with Jägermeister being
more hedonic (m=1.47) than Löwenbräu (m=0.62).
Thus, as predicted, perceptions of PQ and HQ were in-
dependent from the usage mode.

In goal mode the correlation coefficients of PQ with AP
and HQ with AP did not differ significantly (z=-0.52,
n.s.). In activity mode the correlation coefficient signifi-
cantly differed (z=4.35, p<.01), with the predicted high-
er correlation of HQ with AP compared PQ with AP (Ta-
ble 2). Thus, our predictions are only met for activity
mode.

4 Discussion

Different usage modes - a goal mode and an activity
mode - can be induced experimentally. The perception
of PQ and HQ itself is independent on the current
mode. In activity mode HQ was more strongly related
to AP than PQ to AP, whereas in goal mode both qual-
ities were related to AP. The latter violates our predic-
tion that PQ should be more important than HQ in goal
mode. A tentative explanation is that the instructions
used did not produce a "strong" enough goal mode. In-
deed, the mean UM scale value was –0.69, which is
moderate, compared to an (albeit theoretical) maxi-
mum of –3. Further studies should aim to increase the
mode "strength" to test the idea that in goal mode PQ
is more important than HQ.
The present study shows that the importance of differ-
ent "sources" of appeal (i.e., pragmatic vs. hedonic qual-
ity) can vary with different usage situations. Depending
on the situation, other qualities will be stressed and val-
ued. Interestingly, it is pragmatic quality (i.e., usability
and utility) and not hedonic quality that looses its power
to contribute to the Web sites' appeal. This throws
doubt on the assumption that users perceive usability
and utility as "the" necessary prerequisite for valuing a
software product.
Although the concept of usage modes needs further re-
search, we believe that our study is a step towards a
better understanding of the constituents of an appeal-
ing "user experience".
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Table 1: Overview of the scales

scale
no. 

items
item example *) alpha **)

PQ 8 simple – complex
supporting – obstructing

.89

HQ 7 exciting – dull
interesting – boring

.88

APPEAL 8 good – bad
inviting – rejecting

.91

UM 4 I felt serious - I felt playful
I was focused on the prod-
uct –
I was focused on attaining 
my goals

.75

Table 2: Correlation coefficients

goal mode activity mode

PQ - AP .87 a) -.10 a)

HQ - AP .82 b) .91 b)

Partial correlation coefficients with a) HQ controlled and b) 
PQ controlled
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ABSTRACT

Although “joy of use” is mentioned now and again as a requirement for today’s software, neither definition
nor determinants contributing to a positive software usage experience are given in the literature. Interviews
with experts from various fields allowed constructing a definition of the evasive phenomenon as well as pro-
posing possible determinants making possible a joyful-to-use software product. 

1 Introduction

People complain a lot about computers: often-used
functions are hidden deeply within menu structures, in-
stallation procedures appear unnecessarily cumber-
some, or software forces people to take detours on
their way to achieve their goal. However, once in a
while, you come across people with differing experi-
ences. Those users feel properly supported by the com-
puter and software they use; the computer becomes
an unobtrusive tool to do a task. Some of them even re-
port on entering a state of “flow” (Csikszentmihalyi &
Csikszentmihalyi, 1991), i.e. they forget time and space
while fluently working on a personally challenging task
of optimal difficulty.
Traditional human-computer interaction research does
not focus on phenomena like “flow”. It rather seeks to
reduce stress by improving the fit between users,
tasks, and systems (e.g., Hamborg in Häcker & Stapf,
1998). This is in accordance with the ISO 9241-11 (ISO,
1999) definition which defines usability as consisting of
effectiveness, efficiency, and satisfaction. Hassenzahl,
Burmester, and Koller (2001) suggests this definition is
too “narrow” as it does not include task-unrelated qual-
ity aspect (e.g., innovativeness, originality) which might
be important as well – especially if it comes to experi-
encing “joy” rather than mere satisfaction.
Some research on “joy of use” has been done: Carroll
and Thomas (1988) stressed the difference between
“easy to use” and “fun to use”, Malone (1984) identi-
fied joyful aspects of computer games to be transferred
to applications, and Hassenzahl, Platz, Burmester, and
Lehner (2000) pointed out an entity called “hedonic
quality” contributing to a product’s appeal – together
with the well-known “ergonomic quality” derived from
e.g. the ISO 9241-10 criteria.

2 Method

All the approaches described above fail to provide a def-
inition of joy of use – nor have they come up with a pro-
posal for possible determinants of a system’s eliciting
joy. In order to address these shortcomings, a close
look at results and research of emotion psychology, de-
sign theory, and software ergonomics literature was
taken, and 18 questions for research have been creat-
ed. The resulting half-structured interview dealt with

the issue of the existence of joy of use, its character,
and possible methods of creating joy of use as well as
with implications.

Based on their prior publications or work in the field,
seven experts from the areas of human factors, indus-
trial and graphics design, and computer sciences have
been identified. Interviews with those experts were
conducted to gather some insight on how they define
“joy of use” and what they think contributes to this spe-
cial experience (Hatscher, 2001).

After transcription the experts’ answers were used to
derive a system of categories via an inductive approach.
To ensure the validity of the categories a rating proce-
dure with independent raters has been undertaken, and
only items surpassing a certain minimal interrater reli-
ability threshold (.4) were used for further steps.

As a final step the number of mentionings for each item
was used to identify topics of common importance;
e.g. an item would only be taken into account if it had
been noted by the majority of the experts.

3 Results

The findings indicate that joy of use is a quality experi-
ence limited to an agreeable context. The users experi-
ence joy while using software that corresponds to their
goals and interests. This positive experience is influ-
enced by features of the users as well as characteristics
of the system: the users’ degree of expertise and their
gender are important as well as the system’s aestheti-
cal appearance and its great and unobtrusive function-
ing. 

Some findings came as a surprise: The experts e.g. as-
sumed that an agreeable system does not necessarily
always has to conform to the users’ expectations – thus
presenting the occasional challenge necessary for the
flow experience.

Some advice on how to develop a joyful-to-use system
was generated as well: 

The intricate – and often conflicting (Hassenzahl et al.,
2000) – relation of high quality design and usability has
to be explored and defined anew for each piece of soft-
ware, according to its target group, objective, and us-
age environment. Moreover, not only a user-centered
and team-oriented development approach should be
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pursued, but the developers’ having fun during develop-
ment should be aspired. 
On the basis of the interviews the following definition
of joy of use is given:
“Joy of use of a software product manifests itself to a
certain user in a specified context as the joyful-pleasur-
able experience of the interaction and the possibilities
as the consequence of unobtrusive, great functioning
and due to the aesthetically pleasing design through us-
age that is motivated by and according to the user’s
goals and interests.
To be able to elicit joy of use a software product has to
fulfill aesthetic and semiotic functions of the design
(e.g. a relation of complexity and order fitting to the us-
er) and ergonomic basics (such as learnability, support,
minimal additional mental load) in a relation that still has
to be defined.” 

4 Outlook

Further research should be done: The definition needs
to be affirmed with a greater number of experts, e.g.
using a Delphi method (Turoff & Hiltz, 1996). A theory
of joy of use could be constructed. This theory had to
take into account characteristics of the software as well
as of the users, possible changes of the positive usage
experience over time, and the moderating influence of
the usage context.
Based on the theory, an inventory to rate the joyfulness
of products could be built, and through prototyping the
exact contribution of visual design and ergonomic fac-
tors to joy of use on a given product could be identified.
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ABSTRACT 

Why is a truly human-centered design approach often neglected in high-tech industry? Beside cost, specific
professional/corporate value systems undermine a strategic usability engineering approach. The article de-
scribes these mindsets and suggests strategies for dealing with a technology-prone corporate culture. 

1 Introduction 

Technological innovation from internet to mobile com-
munication has changed our life style enormously. But
has it really made life easier for us? When we think
about our daily struggle with all kind of technical devic-
es, the answer often is: Not really … 

Why is this? Why has a truly human-centred design ap-
proach not found its way into industrial product design?
As Michael Dertouzos states it: “To put it into action re-
quires […] changing the mind-set of users and design-
ers” (Dertouzos, 2001, p.16).

In the following, we want to highlight some reasons
why usability tends to be neglected easily in a technol-
ogy-prone context and which strategies proved to be
useful in propagating usability at Siemens ICM.

2 Technology orientation as a value 
system

While studying cultural differences of product design
and product usage (Honold, 2000), it became more and
more clear that not only national but also professional
value systems have a major influence on how design
decisions are made. 

In the study, semi-structured interviews were held with
7 German product managers from different depart-
ments. They were asked to describe ”critical incidents“
(Flanagan, 1956) with regard to product they are hold re-
sponsible for. Critical incidents were defined as users‘
reactions and requirements, which had not been fore-
seen by the managers and which had severe conse-
quences for the success of the product.

The qualitative analysis of these interviews suggests
the following reasons for the discrepancy between
what product managers provide and what users ex-
pect:

Usability is perceived as luxury

The costs of usability engineering are immediate and di-
rectly measurable. Benefits in terms of customer-orien-
tation and usability lie in the future and cannot easily be
measured in numbers. Therefore, usability often is not
pushed forward, but rather perceived as luxury. This
promotes “ad-hoc” usability engineering.

Non-technical = not important
Showing off with technical knowledge is a status en-
hancing behavior in an engineering context. This results
in an enormous matter-of-fact orientation and status-
enhancing techno-talk, even when talking with custom-
ers. Non-technical user requirements are therefore eas-
ily neglected. 

Own experience is overrated
Engineers have an implicit model of users and usage-
situations. This model is shaped by their own experi-
ence and their knowledge “how things work”. For ex-
ample, technicians are more interested in knowing and
mastering a wide range of product-features than the
“90% customer”, who is much more action-oriented
and pragmatic. These models unconsciously influence
the way some customer requirements are emphasized
and others are discounted. As Alan Cooper (1999)
states it 
“Programmers’ drive to understand makes them in-
stinctively create interaction that closely follows the in-
ternal functions of the product. Instead of making the
program mirrow the end user’s goal, it reflects the
working of the mechanism within. Programmers are
naturally comfortable with it because when they under-
stand how the software works, they will understand
how to use it.” (p.98)
The described values favour a design process which is
dominated by technical experts who have little knowl-
edge about the end-user and the usage situation, and
who lack a sufficient overview of the product and its de-
velopment as a whole. 

3 Strategic usability in a technology-
prone context

How can we handle the described situation? It can not
just be changed by employing “usability experts”. Sie-
mens is known for its technology-oriented culture. For
Siemens ICM, the following strategies proved to be
useful:

From ad hoc usability to usability deeply anchored in the
development process 
Especially in times of cost-cutting, it is important that
usability engineering is a mandatory part of the product
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development process at Siemens ICM, certain mile-
stones can not be passed without agreement of the us-
ability expert. This does not necessarily mean that the
usability expert doesn’t have to promote his or her us-
ability vision any longer.It supports, however, the ac-
ceptance of our work enormously.

From usability expert to domain expert

As stated before, technical knowledge is a prerequisite
for anybody who wants to be taken serious by engi-
neers. A thorough understanding of the domain, its
technical, financial and political restrictions is needed to
come up with usability-solutions which are perceived
as helping and not as disturbing the engineering pro-
cess. Moreover, knowing the domain guarantees a
communication between usability expert and engineer
"on an equal footing". Only then, usability recommenda-
tions will be set into action with commitment. 

From usability expert to usability manager

Usability Experts are often the interconnection be-
tween end-users, marketing, technological develop-
ment and OEM partners. This is a perfect position to
view a product in context and judge the different trade-
offs of features, schedules, costs and marketability
(Norman, 1998). Usability experts shall strive for posi-
tions in which they do not only demand usability but
also have influence on the design decisions.

So far, our experiences show that striving for usability
in a technology-focussed environment is an uphill battle
which can only be won if the usability engineers under-
stand that their field of expertise must be much broader
than “pure” usability”. Their technological and manage-
ment know-how is an important prerequisite for the ac-
ceptance of usability requirements.
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ABSTRACT

The globalization trend requires for the foreign market in relation to the cultural-dependent user specific ma-
chine localization. For an effective machine application the localization design issues within user interface and
beyond user interface should be well addressed. This paper distinguishes the localization issues into three lo-
calization levels, i.e. surface level, interaction level and function level, according to their differences in local-
ization cost and efficiency.

1 Introduction 

Globalization is a trend in the new industrial era. With
the increase of world-wide technical product exchange
one product will now meet with several international
user groups. As a result there is an increasing number
of user groups with inhomogeneous cultural features.
The user requirements on product design have become
much more various than before, because culture back-

ground is an important influencing variable for the
abilities and qualities of a user (del Galdo & Nielsen,
1996). However, there is a gap of developer’s knowl-
edge in handling product design according to the cul-
ture-dependent user requirements of the foreign mar-
ket (Röse & Zühlke 2001), so the “user-oriented” prod-
uct design has not satisfied the international market. 
With the increasingly fierce competition on the interna-
tional market, it is clear that in the future only those
companies who are best in analyzing international users
requirements and are able to integrate them into a cul-
ture-specific product design will be successful on this
market. This notion has been proven by the success of
many international software companies. However, in
the production automation area the culture-specific ma-
chine design has proceeded quite slowly. Many devel-
opers are doubtful about cost and benefit. For them the
culture-specific design cost an very critical point and of-
ten a barrier for product localization.

2 Costs for Machine Localization 

There are two ways for the culture-specific machine de-
sign: internationalization and localization. International-
ization describes a basic structure with the consider-
ation of future integration of culture-specific require-
ments. This design concept takes into account some
general culture-specifics (format, language etc.) and is
often designed for flexible switching between user-cul-
tures. Localization focuses on one specific user-culture.
The aim of this design concept is to find the best fitting
product for a specific user-culture.
In application areas like aerospace industry and some-
times car industry global design should be required. But
in the area of production automation - which is the prac-

tical background of our center - and any area of high in-
dividual user-orientation, an international or local design
is necessary. Therefore product localization is the focus
of this paper.

2.1 Machine localization issues

For the purpose of successful machine localization
those user-oriented design issues that are affected by
cultural conventions should be well addressed. Röse et
al (2001) has distinguished the localization issues into
two groups: issues within user interface and issues be-
yond user interfaces, which are shown in Table 1. 

Table 1: Design issues for machine localization

2.2 Machine localization costs

Machine localization will involve additional costs to ana-
lyze, design, and realize localization design features for
the target market. These costs will then cause the in-
crease of the total machine development costs. How-
ever, for different machine localization issues and differ-
ent kinds of machine developments, the localization
costs could be quite different. If the localization is well
organized from the beginning of the machine develop-
ment phase, the costs could be significantly reduced.
The developers should also recognize the benefit (high
user satisfaction, lower error rate) of the machine local-
ization when they design their product. 
One aspect of machine localization issues will largely in-
fluence the localization costs, i.e. the invariability of the
localization issues for different machine application

cases, e.g. different machine types releases of the
same product, etc. The localization issue with high in-
variability is “fix”, which means that the design fea-
tures for the issue could stay unchanged for different
machine application cases. The typical fix issue is the

Issues within 
user interfaces

Issues beyond 
user interfaces

• Information presentation 
• Dialogue design 
• User support 
• Interface physical design
• Language

• Machine functionality
• Technological feature
•  Technical documentation
•  Service 
• General machine design
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format issue such as time, date, etc. They only need to
be changed once and then could stay the same for the
following design process of other machine application
cases. The localization issue with low invariability is
“variable”, which means that the design features for
the issue might be quite different for different applica-
tion cases (no fix item, all releases need adaptations).
The developers should apply different features for dif-
ferent application cases. One typical variable issue is
the language translation. 
This factor has largely influenced the localization costs
for different issues. Fix localization issues usually re-
quire lower total localization costs than those of variable
localization issues (In dependence to this separation
used also LCfix for fix localisation costs and LCvariable for
variable localisation cost). The design features for them
are easily transferable and the requirements of the tar-
get users on these issues are normally not difficult to
elicite (typically as standards and norms). The develop-
ers only need to expend once for the needed localiza-
tion results of these issues and then can apply them in
different application cases. In comparison, the variable
localization issues need always extra expense for the lo-
calization features in the new application case and their
total localization costs are higher. The localization costs
(LC) for one machine application case are composed of
two localization cost parts:

The fix localization cost will not occur for the following
range of machine application cases, so the total localiza-
tion costs for the developers for their whole range of
machine application cases can be expressed as: 

2.3 Localization efficiency for different 

localization levels

According to the localization difficulty and cost, the im-
plementation of different machine localization issues
could be distinguished into three localization levels.
These levels are: surface level, interaction level and
function level, as shown in Table 2. The surface and
function level are described as levels with an uncovered
cultural context and the interaction level with an cov-
ered cultural context. The covered cultural context is dif-
ficult to measure (Röse, 2001). Design issues on an un-
covered level are easier to measure and to identify with
user analyses therefore have lower localization costs.

Table 2: Machine localization levels

In practical operation, when the developers decide on
the most suitable localization range for their actual ma-
chine application cases, besides the above mentioned
factors for localization costs, the localization efficiency
of different issues should also be taken into consider-
ation. The localization efficiency (Relationship of local-
ization cost and localization benefits) could then be ana-
lyzed in comparison of localization cost (see formulas)
and localization benefits for each level. 

The estimation of the localization efficiency for different
localization levels is shown in Figure 1. The issues on
the surface level are mainly related to the superficial cul-
tural conventions so the localization costs are not very
high. They are closely related to the user’s correct un-
derstanding of the machines so they are very impor-
tant. These issues have the highest localization efficien-
cy. The issues on the function level are the prerequi-
sites for the machine application so they are also very
important. However, the adaptation of some functional
issues to user’s requirements may involve major
changes of machine functionality and will increase
largely the localization cost. Therefore, the machine lo-
calization in this level is usually implemented only when
the functional features of the machine are not applica-
ble without the adaptations. The issues on interaction
level are related mainly to the covered cultural conven-
tions. The localization costs are very high so these is-
sues can not yet ensure high localization efficiency at
present.

(1)

(2)

LC LC fix LCvariable+=

LCtotal LC fix LCvariable i( )
I 1=

n

∑+=

Cultural

context

Localization

level
Machine design issues

uncovered

Surface

Information presentation issues
(format, information coding, etc.),
Language issues, etc.

Function

Machine functionality;
Technical feature;
Service issues, etc.

covered Interaction

General layout and structure 
issues, 
Dialogue design issues,
User support issues, etc.

Figure 1: Estimation of localization efficiency 



A Model of Usability Engineering Costs for International User Interface Design      

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

Kerstin RÖSE, Long Liu and Detlef Zühlke 283

3 Costs for Machine 
Internationalization

For machine producers who should face up to different
international markets at the same time, another aspect
of machine localization issues should still be taken into
consideration to control the whole machine internation-
alization costs effectively. This aspect is the common-
ness of the issues for different markets. The common
issue has identical design features for a machine for dif-
ferent markets but the uncommon issues have dissim-
ilar design feature for a machine for different markets.
The well organization of different machine localization
issues according to their characteristics of “fix” or “vari-
able” and “common” or “uncommon” could surely
help the machine developers effectively control their to-
tal international user interface design costs according to
their own product and market spectrum. The localiza-
tion issues with their different characteristics are illus-
trated in Figure 2. These postulated coherences have a
strong impact for the machine localization and the cost
efficiency.

The following derivation of an hierarchical cost-structure
is based on the previous descriptions. The cost-hierar-
chy built up in three levels. The first is the level of user
interface-issues, the second is the level of culture-is-
sues, the third is the level of product-issues. All togeth-
er give an hierarchical structure for cost estimation for
one company. Figure 3 shows the level. The localization
cost for a company are relative high at the first level and

decrease to the third level. These structure-model take
into account one company, with several user-cultures
and several products. If you look at this model, it is easy
to understand, why localisation costs are not as high as 

expected. If the developer of a product localizes the fix
and flexible variables of an user interface for one user-
culture, than they have done 70-80% of the localization
work for the next years. Why? If an user interface is lo-
calized for a culture (A), than the developer must look
for the culture difference between the culture (A) he de-
signed for and the culture (B) he expects. Localization
for the user-interface for culture B will follow. The local-
ization costs depend on the culture difference between
culture A and culture B. An increasing number of cul-
tures does not automatically mean an increase of cost.
If the cultures have only little differences (e.g. color cod-
ing) the effect of culture-oriented design is really satis-
fying for the user with low costs for the company. Usu-
ally, it is possible in one company to transfer the user
philosophy from one product to another. The products
have different functions, but the culture-specific user re-
quirements are often the same, only differences in a
special area or with special functionalities. Therefore it
is very important to start really early with localization be-
cause localization is a long-term investment with high
cost for user interface design in the beginning and good
effects and low costs over several user-cultures, prod-
ucts and years. The effect will be a 100% user-satisfac-
tion.

More information are possible to get from the authors
and from the SIG CHI: Intercultural Issues 
(http://www.acm.org/sigchi/intercultural/).

Figure 2: Characteristics of localization issues

Figure 3: Hierarchical cost structure

P1 P2 P3ProductProduct--levellevel

C1 C2 C3CultureCulture--levellevel

Fix FlexibleUIUI--levellevel
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ABSTRACT

Based on the concept of a valence-potency-activity system (VPAS), this paper presents a method and an ex-
periment that demonstrate that the concept of emotional ergonomics (emoerg) is a useful tool with regard to
evaluate performance, acceptance, usability, and the emotional attractiveness of different features of an in-
telligent predictive system (IPS). 

1 Introduction 

Traditionally, user-centered design has tended to con-
centrate on making products ‘usable’ – focusing on util-
itarian, functional product benefits. Creating usable
products, however, may not mean the same thing as
creating attractive and pleasurable products.
The ISO definition includes ‘satisfaction’ as a compo-
nent of usability, referring to the comfort and acceptabil-
ity of product use. Shackel (1986) stated that, when in-
teracting with a product, the user should be operating
within acceptable levels of human cost in term of tired-
ness, discomfort, frustration and personal effort.
In this paper, we argue that both, the functional and util-
itarian aspects as well as the emotional and hedonic as-
pects of usability are essential issues with regard to
product use and evaluation. The concept of ‘Emotional
Ergonomics’ presented in this paper, integrates both of
these aspects. 

2 The valence-potency-activity system 
(VPAS)

There are at least three basic factors involved in product
use and/or the subjective evaluation of design features
of the product: (1) The arousal potential of a product de-
termines the intensity of the emotion it evokes and its
ability to attract and hold attention; (2) the product’s or
design’s valence - its tendency to attract or repel the
user – depends on the relative pleasantness or unpleas-
antness (hedonic tone) of the emotions, and (3) the po-
tency factor that is the design’s potential to evoke or to
suppress goal-directed behaviour (performance).
The term “emotional ergonomics” describes within
the present context a multidimensional approach to
evaluate a vehicle´s design (e.g. vehicle-internal assis-
tance architecture) on emotional and cognitive states
representing the mechanisms, processes, and out-
comes of the valence-potency-activity system. It is as-
sumed that, in addition to action-related cognitive pa-
rameters (reaction time, error rate), specific patterns of
states can be identified indicating whether specific de-

sign characteristics are optimally designed or not. This
means, for example, that reported states represented
by negative valence (i.e. unpleasant), low potency
(weak, feeling of uncontrollability), and high activity (ac-
tive, excitable) indicates a pattern of states that is asso-
ciated with displeasure and feelings of threat as well as
low performance (see, Wieland, 2001; Coates, 2001). 

3 The study

The system investigated is a “speech output system”
(SOS) developed to warn drivers of a forthcoming sharp
curve. The SOS consists of eight different speech out-
puts: Four female voices and four male voices. The
voices differ with regard to the manner, the sentence
“Attention, a sharp curve is forthcoming. You should
pull up immediately” was spoken: (a) within a normal
speed, (b) quick, (c) technical, and (d) urgent. 

48 subjects (24 female, 24 male) accomplished a car
driven task in which vehicle control was simulated by a
complex tracking task. During task performance, reac-
tion time, error rate, subjective emotional state includ-
ing the above mentioned three dimensions (i.e. va-
lence, potency, activity), and ratings concerning the
evaluation of the different speech outputs on three di-
mensions (trust, security, and urgency) were recorded
using a computer-assisted self-monitoring system.

The experiment was divided into two parts: The first
day, subjects were trained on the driven task and get fa-
miliar with the subjective rating scales. The second day,
the main experiment was carried out that is, perfor-
mance data and ratings of subjective states during task
performance were recorded. 

During task performance (i.e. driven) subjects had to re-
act as quickly as possible to the different speech out-
puts by pressing a button signed with the symbol
“Curve Warner”. Additionally, subjects had to differen-
tiate between different kinds of speech out systems:
Navigation, traffic information, distronic system, and e-
mail reader. The results concerning these additional
systems, however, are not reported in this paper. The

1.  The study was carried out in order of the division “Science and Technology 1, Human-Machine-Interaction 
(FT1/FM) of DaimlerChrysler AG, Stuttgart.
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speech output “Curve Warner” consisted of 144 trials
that is, 8 trials for each of the above mentioned speech
outputs.

4 Results

4.1 Performance data

With respect to reaction time we found no significant
differences between the four versions of speed outputs
for the female and male voice, respectively (see
Figure 1). The same holds true for driving failures.

4.2 Index: Emotional ergonomics

This index is composed of the following parameters:
Subjective ratings of the dimensions valence, potency,
and activity as well as estimations on the three dimen-
sions trust, security, and urgency.
In sum, the data reveal that task performance (i.e. reac-
tion time and error rate with regard to the driven task)
and the reported emotional evaluations of the different
voices clearly indicated a strong preference for the
male-voice speaking the sentence “Attention, a sharp
curve is forthcoming. You should pull up immediately”
quite quickly (see Figure 2). That is, the “male-quick
voice” seems to be the one which should be imple-
mented within an vehicle´s intelligent predictive sys-
tem (IPS).
According to the normal (N) male voice has the highest
ratings in positive feelings; however, if the performance
data are taken into account, it seems more reasonable
to prefer the “quick male voice”. This version of the
“Curve Warner” is characterized by an optimal relation

of performance data (i.e. reaction time) and subjective
ratings with regard to the emotional ergonomics index.

It can be assumed that design features of the speech
output system that combine both, emotional and he-
donic benefits and a short reaction time, are more safe-
ty and will be more accepted – especially on the long
run – by its users.

5 Concluding remarks.

What are the consequences of the reported results
with regard to the design and evaluation process of ve-
hicle assistance systems?

The results indicate that the concept of emotional ergo-
nomics used in this study has the advantage that design
features and the use of vehicle-internal assistance sys-
tems can be reliable evaluated on emotional dimension.
It remains unclear, however, if this concept will be valid
in real settings, i.e. if tested during driven an car on the
street.
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ABSTRACT

The design of the user interface of a digital welding machine based on a user centred design process is de-
scribed in this paper. Due to the iterative design process and the involvement of end users, interaction tech-
niques have been designed which are optimised for the mental work model of the target user groups.

1 Introduction

A new user interface of a remote control unit for digital
welding machines1 has been designed. The design
was a complex task due to the following reasons: 
1. Heterogeneous user groups: from highly skilled

welding engineers defining new parameter sets to
unskilled welders with limited training.

2. Integration of different welding types in one
machine: MIG/MAG welding, TIG, manual weld-
ing, electrode welding. Users of a specific welding
process should not be bothered by parameters and
functions of other welding processes.

3. Manual and robot welding: All interfaces and pro-
cesses for robot welding are integrated.

4. Integration of additional functions for set-up proce-
dures and maintenance tasks such as user profile
and user key settings, welding data documentation,
welding machine calibration, error handling, data
export/import on Smartmedia Card, etc.

The design was driven by two important overall goals:
1. The welding machine should be easy to learn for

the target user groups, because of the requirement
of reduced training costs.

2. The welding machine should have an outstanding
good usability, because effectiveness and effi-
ciency is a strong selling argument.

The user interface's hardware platform is a mobile in-
put/output device connected to the welding machine by
wire consisting of a passive black and white LCD (120
mm to 90 mm) with a resolution of 320 x 240 pixel, a
rotary knob for parameter setting and 11 buttons on a
plastic foil keyboard. Five buttons located below the dis-
play are function keys.
In the following, first the design process applied, sec-
ond the key results achieved at the end of the design

process and finally important lessons learnt during the
process are described.

2 User Centred Design

A user centred design process was applied (ISO 13407,
1999; Burmester, Hassenzahl & Machate, 2000, figure
1) consisting of two iterations with user involvement in
the evaluation phase. "Diagnostic usability testing", i.e.,
usability testing with the focus on qualitative data,
(Nielsen, 1995; Hassenzahl & Burmester, 2000) was
chosen as the primary evaluation method. A first usabil-
ity test was conducted with eight representative weld-
ers and a second test with four. Moderated workshops
with a multidisciplinary team of managers, developers,
marketing, sales, service, welding engineers, user rep-
resentatives and usability engineers were carried out as
analysis of the "context of use" (Bevan & Macleod,
1994).

1.  RCU 5000i of Fronius International 
GmbH&Co.KG

Figure 1: User centred design process with two itera-
tions
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3 Key Results

In the analysis of the "context of use" the four major
user groups were identified:
• welding expert (extended knowledge)
• welder in production (well trained)
• unskilled welder (limited training)
• service personnel (service and maintenance)
The welding tasks of all user groups were analysed and
documented. 
The complexity for the different users was reduced by
the following design solutions:
The whole user interface is divided into two levels (see
figure 2): first level is a main menu providing access to
the main tasks which have been identified by the "con-
text of use" analysis, e.g., welding (MIG-MAG welding,
manual welding, electrode welding, TIG welding, job1

welding), job optimisation and administration, parame-
ter optimisation and administration, documentation and
machine settings. The menu is accessed by a dedicated
menu button (see figure 4a & b).
• After the selection of a menu item, the second

level is started. Here a special interaction metaphor
has been developed: the so called "screen carou-
sel". Screens with parameters and screen specific
function keys are arranged in a loop. The user
moves from one screen to the other by a simple
left and right movement (see dedicated buttons in
figure 4b). The advantage is, that a mental model
(see Dutke, 1994) of the screen carousel can be
easily generated by exploration. Furthermore, it is
flexible because screens can be removed or added
without breaking the interaction metaphor.

• The user identify themselves by using an electronic
key (RFID transponder module), therefore the
access to screens which are not relevant for their
task can easily be hidden without any modification
of the interaction concept.

The structure of the user interface has been developed
according to the structure of the users' tasks. Despite
the in detail differing welding tasks of the different user

groups, a common mental work model had been iden-
tified (figure 3): all welders first set the parameters and
then test the parameter settings by a trial weld. If the
trial weld result is insufficient, they adjust parameters
again and do a new trial. If the trial weld is acceptable,
the parameter set is to be stored. This work model is
supported by the user interface. The parameters setting
and function selection can be done on the screen carou-
sel. The saving dialogue is not part of the welding task
and has more to do with administration work. There-
fore, it is supported by an assistant (or wizard) guiding
the user through the saving procedure. 

1.  job is a stored operation point defined by a 
set of welding parameters

Figure 2: Structure of the user interface

Figure 3: Work mode

Figure 4a: Main menu

Figure 4b: Screen B of screen carousel for program
welding
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4 Lessons learned

The iterative approach of user centred design is an im-
portant success factor for user interface design. For ex-
ample, the main mental work model (see figure 3) be-
came clear during the first usability test and not during
the “context of use” analysis. The first design was not
appropriately taking that work model into account and
was therefore heavily criticised by test users. Based on
this criticism and additional data from the usability test,
the user interface was redesigned. The second usability
test validated the new design solution and lead to some
detail improvements concerning wording, specific in-
formation presentations and visual feedback of detail in-
teractions.
This case study demonstrates that continuous evalua-
tion and improvement of design based on user involve-
ment in the framework of a user centred design pro-
cess lead to high quality user interfaces.
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ABSTRACT

In the field of user-centred system design one major aim of requirements analysis is to collect users needs
relating to the design and the functionality of a software to be created. One of the most prominent tech-
niques for needs analysis is the focus group technique. Within the scope of gathering requirements for the
design of an e-business system the focus group technique was contrasted with a more structured approach,
called SHIRA (Structured Hierarchical Interview for Requirements Analysis). While SHIRA seems do be the
more time consuming method, it needs less organizational effort and seems to elicit more as well as more
concrete annotations concerning the design of the system. Results and its causes are discussed referring to
the specific procedures of data collection.

1 Introduction

Requirements Analysis (RA) is a formal process to de-
fine and specify design requirements. From the point of
view of user centered design (UCD) RA covers differ-
ent kinds of analyses: Needs analysis, User analysis,
Task analysis, Functional analysis, and Task/function al-
location (Hix & Hartson, 1993).
This paper concentrates on Needs analysis. During
Needs analysis the basic goals, purposes and features
(characteristics and capabilities) of the system are de-
termined with regard to users demands. UCD literature
offers a variety of methods supporting needs analysis.
One of the most prominent methods in this field is the
focus group technique (Caplan, 1990; Fucella & Pizzola-
to, 1999; Kuhn, 2000). 
A focus group is a semi-structured group discussion
about specific topics moderated by a trained group lead-
er. The moderator introduces the research questions to
the group and provides the techniques of discussion. A
key characteristic of a focus group is to use the dynam-
ics of a group interaction to produce a vast variety of
product requirements. A more structured approach is
provided by SHIRA (Structured Hierarchical Interview
for Requirements Analysis; Wessler, 2001; Hassen-
zahl, Wessler & Hamborg, 2001). SHIRA is a non-direc-
tive computer-supported interview which aims at iden-
tifying design-relevant product qualities. At the same
time it is highly structured to ensure objectivity and reli-
ability. During a SHIRA interview the respondent is in-
troduced to the general idea of the software system to
be designed and its intended context of use. Second,
he/she chooses a number of desired abstract system

qualities from a pool of predetermined attributes. Third,
the interviewer requests her/him to list concrete char-
acteristics and capabilities of the system which would
justify attaching the abstract attributes. Fourth, the in-
terviewer asks for ideas how to realize the characteris-
tics and capabilities in question. The result is a hierarchi-
cal personal model of general system properties in con-
junction with concrete ideas for implementation con-
cerning each given quality attribute. All gathered
information are fed into a database-system via a special
entry-mask.

In a case study both methods were used to support the
design of an e-business application (B-to-C). Our expe-
riences with these methods including an approach for
data analysis will be described. Furthermore, a compar-
ison of both methods considering benefits and draw-
backs will be presented.

2 Study

The goal of the study was twofold: First, identify the
characteristics and features of the system that deter-
mine qualities such as capturing the users´ attention
and motivating them to interact with it (“suitability for
engagement”, ISO 14915; Ziegler, 1999) and second,
develop design ideas for the implementation of these
characteristics and features. Because there is no gener-
ally accepted operational definition of this principle yet,
we referred to the attributes defining the concept of
“hedonic quality” (Hassenzahl, 2001). The attribute set
was supplemented by the attribute “friendly” which re-
sulted from a preceding image study.
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All in all, 17 participants (nine male, eight female) took
part in the study: nine persons participated in two focus
group interviews, while eight were interviewed with
the SHIRA-Interview. SHIRA was applied as described
above using four predefined attributes selected from
the complete set of attributes defining “hedonic quali-
ty” as input information. The Focus Groups were sub-
divided into four steps each. First, the participants were
welcomed and introduced to each other. Second, the
global subject of the Focus Group was introduced to
the participants. Third, participants were sensitized to
the subject of the focus group and fourthly require-
ments were collected. For this purpose the participants
were asked to complete “sentences" dealing with four
of the same attributes used in the SHIRA-Interview (Ex-
ample. "When thinking of an innovative internet shop,
the first thing that comes to my mind is..."). Subse-
quently the answers were discussed. In the second
part of the discussion participants were asked to state
examples and starting-points to realize the characteris-
tics and properties they generated during sentence
completion. Concerning time effort, one SHIRA-Inter-
view took about 2 hours (16h total time), one Focus
Group session about 3 hours (6h total time).

Data of the RA were analyzed by content analysis and
assigned to categories comprising different aspects of
the design and functionality of the e-commerce applica-
tion. The categorization was carried out only for the an-
notations concerned with the general characteristics
and capabilities the system should provide (e.g. “the
system should inform the user if a product is not in
stock”; first goal). Annotations dealing with the realiza-
tion of these features (second goal) were not taken into
account in this study. The analysis resulted in 252 anno-
tations, 176 were collected by SHIRA, 76 by the focus
groups. The categorized requirements were cross-tab-
ulated with the quality attributes (see Table 1). This data
analysis approach gives a structured overview of the
main determinants of each special product quality (de-
fined in terms of “hedonic quality”). For example, the
product quality “friendly” seems to be predominately
related with requirements concerning “counseling and
customer service”. This procedure supports design de-
cisions with reference to abstract product qualities as
well as users´ needs.

Concerning benefits and disadvantages of the two
methods, our experience leads to the conclusion that
SHIRA is the more time-consuming method with re-
spect to application because subjects are interviewed
separately. On the other hand, SHIRA is less expensive
from an organizational point of view for is does not need
as much effort as Focus Groups do, e.g. finding a com-
mon meeting deadline for 6-8 persons, considering lab
schedules etc.. With regard to RA-results SHIRA
seems to elicit more and also more detailed annota-
tions. This finding corresponds to the outcome of an-
other study in the field of software evaluation, demon-
strating that single interviews generate more informa-
tion than group interviews (Hamborg, Gediga, Döhl,

Janssen & Ollermann, 1999). In the present study a rea-
son for this might be that participants generate con-
crete annotations in a more structured way in the
SHIRA-Interview than in the Focus Groups. Moreover
participants interviewed with SHIRA spent more time
for generating annotations. Finally the number of anno-
tations might be affected by the group discussion con-
ducted in the Focus Group session. The group discus-
sion might cause an early focus on some special ideas
and impede the utterance of further topics. The fact that
more detailed annotations are generated with SHIRA
may be due to the very consequent and structured way
SHIRA focuses on concrete design ideas. Further anal-
ysis will provide a deeper insight into the data quality of
both methods.

Moreover, a strength of SHIRA is the software imple-
mentation which supports data gathering and analysis
significantly. All in all, it seems to provide a practicable
and useful new approach in Requirements Analysis.
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ABSTRACT 

Although SAP R/3 is a widely used standard software it has to be adjusted to the organizational structure and
working processes in the companies applying R/3. Seen from an ergonomic perspective the result of the cus-
tomizing process frequently is not optimal. The paper introduces the concept of ergonomic customizing and
gives details about the project Ergusto. First results regarding the work with SAP R/3 HR are discussed. 

1 Introduction 

One of the big players in the market of enterprise re-
source planning (ERP) software is the SAP AG. More
than 17000 businesses run its state of the art software
package SAP R/3. Several thousand employees work
with SAP R/3 on a daily basis. 
Although it might be referred to as a standard software
package, companies cannot expect to simply install
SAP R/3 on their computer network and be ready to
use it. First the software has to be adjusted to the struc-
ture and the processes of the business in question. This
customizing process may take years to be completed.
Since time schedules are tight and SAP consultants are
expensive sometimes only the most necessary steps
will be taken to adapt the software to the working pro-
cesses and habits of its future users (Blume 1997). 
It can be assumed that ergonomic requirements like
those defined by the EC directive on work with display
screen equipment (90/270/EEC) and the international
standard ISO 9241 (1992, 1996)1 play an inferior role
during the customizing process and also thereafter.
Seen from an ergonomic perspective companies might
end up with their SAP R/3 implementations not opti-
mally supporting an efficient, effective, and satisfying
usage. But how can companies systematically check
the conformity of their SAP R/3 implementation with
ergonomic standards?
And what can they do if they encounter ergonomic
problems? Instead of complaining to the SAP AG and
waiting for the next version of R/3 to arrive they might

use the adjustment capabilities of SAP R/3 and start a
new round of customizing to alleviate ergonomic prob-
lems. But how can this be done and what are the ‘ad-
justing screws’ to be used? How can they judge wheth-
er they have actually enhanced ergonomic quality?

2 Project Ergusto

A project, publicly funded by the German MASQT (Min-
istry for Labour and Social Affairs, Qualification and
Technology) of the federal state of North Rhine West-
phalia, is dedicated to provide solutions to these ques-
tions. The project is named ‘Ergusto’, an acronym for
ergonomic customizing. Three institutes are collaborat-
ing to make Ergusto real:

• bao (Büro für Arbeits- und Organisationspsycholo-
gie) with a background on ergonomics, work and
organisational psychology,

• BIT (Berufsforschungs- und Beratungsinstitut für
interdisziplinäre Technikgestaltung e.V.) providing
experience in the field of work oriented design and
implementation of organizational structure and
technology, 

• TBS (Technologieberatungsstelle beim DGB
Landesbezirk NRW e.V.) – a consulting agency for
employees and works councils on ergonomics and
health issues concerning technology at the work-
place.

Because of the short time frame of the project and the
complexity of SAP R/3 we restricted our research to
the R/3 HR module (Human Resources). HR depart-
ments of about ten companies from different industrial
sectors take part in the project. The project work at
each company is divided into three phases: analysis, er-
gonomic customizing, evaluation.During the first phase
(analysis) the current ergonomic state of SAP R/3 is an-
alyzed. Ergusto employs a mixture of existing methods
(e.g. questionnaire ISONORM 9241/10; Prümper,
1999) and newly developed methods (e.g. question-
naire ISONORM 9241/2, ergonomic mismatch-analy-
sis). Data gathering is conducted using questionnaires,
by observation of daily work with SAP R/3, and by stan-
dardized interviews and focus groups with end users. 

1.  The ISO 9241 includes in its part 10 seven 
dialogue principles (e.g. suitability for the task, 
self-descriptiveness, controllability, conformity 
with user expectations) which refer to the 
interaction of a user with the software. Addi-
tionally, ISO 9241 part 2 takes into account 
that the properties of a software system can 
heavily influence an employee’s working con-
ditions. It states general requirements for the 
design of work tasks (e.g. significance, vari-
ety, feedback, possibility for personal develop-
ment).
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In the second phase (the actual ergonomic customizing
phase) employers, employees and project workers use
the results of the analysis to derive and take individual
measures for enhancing the usability of SAP R/3. Cen-
tral to this phase is SESAM, the ‘software ergonomic
SAP action matrix’. SESAM is a database including
known ergonomic problems and their possible solu-
tions, the appropriate ‘adjusting screws’ to turn, the au-
thorizations needed in the system, the stability of the
solution against new R/3 releases and so on. Starting
from this database people will get trained to use these
options themselves, and agreed-upon solutions will be
implemented and tested with the users.

The third phase of Ergusto consists of an evaluation to
determine whether the ergonomic customizing in
phase 2 had the desired effects – enhancing the effi-
ciency, effectiveness and satisfaction of work with SAP
R/3. In order to draw valid conclusions about the chang-
es between Check1 and Check2 we aim at a control
group design including companies not receiving the er-
gonomic customizing (phase 2) treatment.

3 Initial results

As the project is not yet finished, we present some pre-
liminary findings showing that the chosen path to re-
customize SAP R/3 HR ergonomically might be a suc-
cessful one.

3.1 Screening

The following data are obtained by administering a
questionnaire to 49 users in four different companies.
Users in the HR departments judged the ergonomics of
work with the SAP R/3 HR module (release 4.6). 

The judgment of ergonomic quality of the R/3 HR sys-
tem was measured by the ISONORM 9241/10 ques-
tionnaire (Prümper, 1999). The questionnaire focuses
on the seven dialogue principles of the ISO 9241-10.
Each of these principles is operationalized by five items.
The questionnaire has a seven-tier, bipolar question for-
mat. The answers range from “- - - “ (-3) to “+ + +”
(+3). 

Most of the results in figure 1 show a weak positive
judgment of the SAP R/3 users. Still, none of the seven
principles reaches the score +1 which is regarded the
minimum acceptable ergonomic score (Prümper,
1997). These results clearly indicate a potential for im-
provement.

Especially one score does not even reach mark zero – it
is the one of the principle suitability for individualization.
It also scores significantly lower than most of the other
principles1. The mean score is –0.5. Users said that
SAP HR is not easily adjustable to new or varying work-
ing tasks, to the expertise level of software users, to in-
dividual visualization and working preferences.

However these results are in contrast to the vast oppor-
tunities SAP offers for customizing. Several customiz-
ing tools have an impact on ergonomic quality to the in-
dividual user. These have been collected in the SESAM
database. Some of the SAP ‘adjustment screws’ can
still be used by end-users including adjustments in co-
lours and fonts, the SAP table controls, the favourites
(“bookmarks” for SAP menu entries), variants for re-
porting, setting defaults of data entry fields, the individ-
ualization of the list of possible entries. 

So why do users perceive only few possibilities for indi-
vidualizing the software according to their own needs?
Whereas this issue needs further investigation first re-
sults indicate that users sometimes simply do not
know that these possibilities exist, how they are to be
used, and how they are to change the usability of the
system. Again users might not be allowed to adjust the
systems through restrictive system authorizations or
company policy prescribing standard SAP interfaces for
everyone. 

3.2 Working task analysis

Looking at figure 1 again we will find that also the score
of suitability for the task is quite low (+0.6). In contrast,
suitability for the task is regarded as the most important
ergonomic principle by (our) users and ergonomic ex-
perts alike. This finding calls for action. In order to find
out where problems lie and how they might be solved,
we need to look at the real work users do with SAP HR.
Typical results from our visits to the user’s workplaces
are usage scenarios and error descriptions which can
be fed into the ergonomic customizing phase. Three of
these scenarios shall be illustrated here:
(1) When a pensioner dies, his widow will receive part
of the company pension in future. Even if she has never
been employed by the company, some personal data
like name, birth date, birthplace, name at birth, national-
ity are stored with her husband’s data in the mask Fam-
ily/Related Person. After the husband’s death a SAP HR
user enters the pensioner’s leaving into the system.

1.  paired comparison with ST, CO, UE, ET: 
p<.05; SD: p<.10, SL>.05, Bonferroni correc-
tion for multiple tests applied.

Figure 1: Results of user satisfaction rating with the
ISONORM 9241/10 questionnaire. ST = suitability for
the task, SD = Self descriptiveness, CO = controllability,
UE = conformity with user expectations, ET = error tol-
erance, SI = suitability for individualization, SL = suit-
ability for learning, TOTAL = ISONORM 9241/10 total
score.
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However, in order for his widow to get the pension her
data must be entered into the system as if she was
newly engaged as an employee. The information will
not be automatically transferred to the new infotypes. It
is now necessary not only to enter her date of birth,
name, address etc. but even to fill compulsory data
fields about daily working hours, day of joining and sep-
aration from the company. Thus also the default value
for the period of continued payment to sick workers has
to be deleted in an extra step. The procedure lasts 10:58
minutes of which at least 2:04 minutes could be avoid-
ed by task-centered customizing.
(2) A user administering time data for people acting as
substitutes for other workers has to enter four data
items for each substitute (personnel number, time of
beginning and end, position number of the worker they
are deputizing for). Three of the items can be entered
on one mask, then another mask is called and the
fourth item can be entered after stepping through 18
entry fields. None of these 18 fields are ever filled by
that user. By placing all four data entry fields on one
mask the user could save eleven seconds on each such
transaction.
(3) Some fields have drop down list boxes for the selec-
tion of the correct value. Earlier releases of SAP R/3
used to accept two-digit codes. Users badly miss the
use of codes since they now search for the appropriate
item in the list to select it. Very often these lists are not
ordered in a sensible way for finding items. For exam-
ple a list of dates (beginning with the day) is ordered al-
phabetically instead of chronologically.
These three examples make it plausible, why users
consider the suitability of SAP HR for their tasks to be
rather poor. The facilities offered by SAP R/3 HR, on the
other hand, to adjust the system are multifaceted and
could alleviate these deficiencies mostly without too
great an effort. In examples 1 and 2 a task-oriented def-
inition of compulsory and optional data fields as well as
a re-ordering of masks and entry fields can save time. In

example 3 a re-ordering of the list items can be easily
done. Even quasi codes can be integrated into this list.
How this can be done is stored in the SESAM data-
base.

4 Conclusion

The ergonomic quality of the SAP R/3 HR standard sys-
tem is neither good nor bad. SAP R/3 HR must and can
be adjusted to the specific needs of the users and their
working tasks in the company. To be successful, this
adjustment process has to be organised in a proper
manner, i.e. it must integrate the know how of experts
in ergonomics as well as the knowledge, wishes and
experience of the users. We are confident that the Er-
gusto way of ‘ergonomic customizing’ can meet these
requirements.
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ABSTRACT 

This paper addresses the necessity and added information value of considering recognition error rates in in-
terpreting recorded usability measures of a speech-driven application. The proposed integrative perspective
allows to estimate the relative contribution of speech recognition accuracy to the usability of a specific sys-
tem. It enables to assess the effectiveness of provided means of error management. Finally, it serves as a
starting point for planning and evaluating optimization efforts.

1 Introduction

There is a significant lack of knowledge about how to
design effective voice user interfaces (VUI) as com-
pared to graphical user interfaces. In order to develop a
usable and satisfying voice user interface (VUI), iterative
usability testing will be indispensable. Formative inves-
tigations help to uncover user problems, whereas sum-
mative data are needed in order to evaluate iterative op-
timization efforts and to document the development
progress.
Usability specifications as described by Rosson & Car-
roll (2002) address both formative and summative top-
ics in parallel. In a preceding task analysis the evaluators
decompose test scenarios into specific subtasks. The
specification of expected levels of performance and sat-
isfaction for each subtask enables summative usability
evaluation. At the same time, the close association be-
tween subtasks and defined functions makes it possi-
ble to identify problematic features of the system.
In speech-based systems not only interface design but
also the accuracy of the automatic speech recognition
(ASR) will influence the quality of use. Analyzing the re-
lationship between the usability measures taken and
the ASR-performance during test sessions can help to
decide whether to spend more resources on tuning and
refining the ASR or reengineering the dialog. The lead-
ing questions will be:
• How important is the accuracy of the ASR for the

usability of the specific application in contrast to
other aspects such as VUI design?

• What are the relative contributions of ASR prob-
lems and design deficits to poor performance and
satisfaction in specific subtasks? Where are the
main potentials for optimization?

The following considerations are exemplarily illustrated
with data from two subsequent usability tests of a
speech-driven telephony application conducted at
Fraunhofer IAO, Stuttgart. Eleven subjects participated
in the first study, fifteen others in the second. The par-
ticipants of both studies worked on the same set of six
scenarios covering the system functions used most of-
ten, e.g., using the address book (calling and editing)
and connecting to several value-added services. In or-

der to gain summative and formative results, the sce-
narios were decomposed into atomic subtasks for data
evaluation. In the case of optimal task completion, each
subtask comprised one user utterance and one system
response. Actually, additional user utterances can be
necessary in order to get help or to correct recognition
errors. The scenarios differed in complexity and consist-
ed of one to four subtasks.
The presented data are not representative in the sense
that the results could be immediately transferable to
other speech-based applications. Rather, they serve to
illustrate the suggested techniques in order to gain help-
ful information about a specific system.

2 The role of ASR performance for 
system quality

It seems straightforward that the quality of use of a
speech-based application will increase with improved
ASR performance. However, the actual usability gains
will depend on certain features of the dialog and on the
present performance of the ASR. For example, a very
simple and well-known application might profit to a
greater extent than a complex and innovative one
where appropriate prompting and structuring are more
important. On the other hand, a 5% improvement in ac-
curacy, for example, could be much more effective at a
rather low starting level than at a rate of about 90% cor-
rect recognition.
The correlation between usability records and ASR-per-
formance indicates how important the ASR quality is
for the overall quality of the application in question. In
any project, the available budgets for iterative optimiza-
tions will be restricted. Thus, it is helpful to know about
the relative importance of the ASR for a specific sys-
tem in order to focus on the dominant aspects of quali-
ty.
Figure 1 displays task completion rates, correct recogni-
tion rates and the empirical regression lines for the sub-
tasks of both tests.
In both cases, task completion rates are not significantly
correlated with correct recognition rates (r1 = 0.38, p1
= 0.22; r2 = 0.52, p2 = 0.08; n = 12). The empirical co-
efficients of determination are relatively low (15% of
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explained variance for the first test and 27% for the sec-
ond). ASR performance only plays a subordinate role for
the success of task completion. Aspects of VUI-design
seem to be quite important. Indeed, the two outliers
(task 1.12 and task 2.6) showed two striking usability
defects: incomprehensible wording and misleading
prompting. This result emphasizes the importance of
usability engineering in the development of the speech
application in this case. The often-voiced opinion that
the ASR quality was the outstanding determinant of
system quality seems to be too narrow, at least for this
application.

3 Design deficiencies and effective error 
management

High correlation coefficients mean that the usability of
the system is mainly determined by the functioning of
the ASR; accurate recognition is a reliable guarantee for
efficient and satisfying use. So a system with a very ac-
curate speech recognizer should have a high level of
correlation. On the other hand, this high correlation also
means that low recognition rates will be associated
with poor usability. In contrast, lower correlations can
be an index for providing effective means of error man-
agement, i.e., the user is supported to recover from sit-
uations of recognition errors. However, a low correla-
tion can also point to design deficits. This ambiguity can
only be solved by inspecting the plotted data. Negative
deviations from predicted completion rates (see regres-
sion model, see figure 1) can be interpreted as indices
for design problems, especially when they occur at very
high recognition rates. On the other hand, positive devi-
ations index effective means of error management.
Even poor ASR performance does not necessarily
mean low probability for task completion, as there are
ways to detect, correct and recover from recognition er-
rors. As recognition errors are inherent in any speech-
based application, providing effective means of error
management is a very important feature of a user-
friendly VUI (see, e.g., Sun Microsystems, Inc., 1998,
Ballentine & Morgan, 1999, Weinschenk & Barker,
2000, Peissner, et al., 2001).

4 Specifying needs for optimization

Subtasks that do not obtain the specified usability mea-
sures indicate needs for optimization in the relevant
parts of the dialog. The needed optimization efforts
may comprise aspects of the VUI as well as the im-
provement of ASR functioning for the utterances used
in the corresponding subtasks. The recorded ASR per-
formance during unsatisfactory task processing can
help to put this in more concrete terms (see figure 2).
The specified usability goal concerning subtask comple-
tion rates was 80% in our case. The area below that val-
ue can be subdivided into three parts: data points in the
middle part indicate similarly high potential for optimiza-
tion in both areas VUI design and ASR. This area is lo-
cated around the intersection point of the critical value
that is specified as a usability goal and the empirical re-
gression line (see section 2). Particularly high potential
for one of the two aspects is marked in the outer areas,
left for extreme deficiencies in ASR, right for VUI.
When, despite accurate functioning of the ASR, suc-
cessful completion of a subtask is not possible, then
there are probably considerable usability problems to be
addressed in the relevant parts of the dialog.

5 Developing VUIs: What changes are 
the most effective?

One goal of summative usability evaluations in iterative
development cycles is to judge the effectiveness of the
modifications. Again, an integrated perspective that
considers usability measures and correct recognition
rates can help to evaluate the contribution of ASR im-
provements to increased usability in contrast to im-
provements in other domains like VUI design.
Figure 3 displays the correct recognition rates and task
completion rates for our set of twelve subtasks. Be-
tween both tests, extensive optimization actions were
taken to improve both the ASR and the VUI. Most VUI
modifications were reformulations of system prompts
in order to provide better user guidance. The length and
direction of the vectors between two related data
points indicate the extent and direction of changes
within one subtask and the relative contributions of im-
provements in ASR and other aspects such as VUI-de-

Figure 1: Relationship between ASR performance and
task completion rate

Figure 2: Focus of optimization efforts
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sign. High positive gradients point out a relatively high
contribution of VUI-design improvements to perfor-
mance gains in the specific task. In these cases, only
small improvements of recognition accuracy were as-
sociated with high rises in the usability measurement.
So it seems reasonable to think of other system modi-
fications that made it easier to succeed in the given sub-
task. Lower positive gradients reveal a higher relevance
of ASR improvements.

6 Conclusions

The usability of a speech-based application is deter-
mined by a tight and highly complex interplay between
the ASR and the components of the VUI design.
Prompting, grammar and callflow must be carefully co-
ordinated in order to favour optimal functioning of the
ASR and to compensate for its imperfections. For ex-
ample, adequate formulation and prosody of the sys-
tem prompts should trigger recognizable and naturally-
spoken user utterances and should mediate a suitable
mental model of the system’s functioning. Careful

grammar design must support utterances that are intu-
itive for the user and reliably recognizable at the same
time. Finally, callflow architecture must allow for effi-
cient task processing and facilitate error recovery.
This paper presents first attempts at evaluating the rel-
ative contributions of ASR functioning and VUI design
for system quality. The integrative perspective present-
ed here considers actual recognition rates when evalu-
ating usability measures. This may serve as a basis for
concrete optimization efforts. Moreover, it allows fur-
ther analysis based on objective data. It enables one to
assess the effectiveness of error management and the
relative impact of VUI-related problems on task perfor-
mance. 
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ABSTRACT

One of the challenges user interface designers face is reducing a software’s complexity without reducing its
functionality as well as meeting requirements of users with different expertise. We present a case study con-
cerning the re-design of a hearing instrument fitting software. The software was functionally and visually re-
vised in a usability engineering process. The consequent application of a TaskCard interaction concept proved
to be successful during the user evaluation phases.

1 Issue

The Siemens Software CONNEXX enables the hearing
instrument acoustician to adapt a multitude of audiolog-
ic parameters of programmable hearing instruments
and therefore to optimally compensate the individual
hearing loss of the customer. As acousticians work
with fitting modules of many different manufacturers,

the module by Siemens Audiologische Technik (SAT) is
subject to fierce competition and great demands on the
usability of the product are claimed. To meet these re-
quirements, CONNEXX (see figure 1) was functionally
and visually revised in a usability engineering process.

Figure 1: The CONNEXX user interface before the re-design
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A challenge for the new design was to simplify the user
interaction without reducing the functionality of the
software. During the usability engineering process, an-
other challenge arose: The complexity of the parame-
ters is not perceived by all acousticians similarly.
Whereas the acoustic expert likes to handle each single
parameter to reach the fitting objective, the acoustic
novice often prefers to leave it to the supporting soft-
ware algorithms to compute the needed parameters.

2 The usability engineering process

The realized usability engineering process for CON-
NEXX consisted of the following steps: 

1. Requirements analysis: Moderated focus groups
and on-the-spot interviews were carried out in
Europe (Germany, Italy, Spain) and in the United
States to get to know in detail the acousticians’
tasks and needs in context of use. 

2. Interaction concept: A first interaction concept was
developed according to the results of the require-
ments analysis and visualized by paper-prototypes.
With these prototypes, first concept ideas were
evaluated and optimized with the user in a very
early state. 

3. High level prototype: The interaction concept was
refined and implemented as an interactive, visually
attractive prototype.

4. Usability testing: Usability tests in Europe and the
United States with acousticians of different levels
of experience were used for the validation of the
concept as well as for the determination of further
potential for improvement.

5. Specification: In an iterative design and test phase
(process steps 3 to 4) the final concept was defined
and specified in detail for the implementation.

3 Method 

In focus groups with acousticians (process step 1), the
hearing instrument fitting workflow was analyzed in de-
tail. A typical hearing instrument fitting process is struc-
tured as follows:
• Collection of customer data
• Diagnosis of hearing loss 
• Consulting about alternative therapy possibilities
• Selection of suitable hearing instruments for the

right and left ear
• Presetting of the hearing instruments (automatic

parameter calculation from the software based on
the data of the individual hearing loss)

• Fine tuning including validating measurements
• Documentation of the fitting process and validation

of the fitting objectives.
CONNEXX supports the acoustician from the consult-
ing phase on. The customer data as well as the diagno-
sis data are transferred from administration software
which hosts CONNEXX and the fitting modules of oth-
er manufactures.
Based on the determined fitting steps, self-contained
task were derived with the cooperation of acousticians,
software experts and usability experts. All necessary
functions and objects for each task were identified. The
following three tasks represent the workflow during
the fitting process in the following order: selection of
hearing instruments, tuning of parameters and final
documentation.
Each task is represented on a so-called TaskCard – a tab
card which contains all functions and objects necessary
for the completion of the corresponding task. TaskCards
are organized according to the daily routine process of
work and provide some guidance for the user.
The described concept was implemented in a high level
prototype (process step 3, see figure 2).

Figure 2: 1st prototype with TaskCard concept
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In the usability test of the prototype (process step 4),
the TaskCard concept proved successful. To some ex-
tent, however, the guidance for novice users was not
sufficient. The following problems arose:

• The tuning of the hearing instrument is a complex
task that can still be subdivided into two tasks: the
presetting of the hearing instrument (in the majority
of cases in the absence of the customer) and the
fine tuning. Especially for the novice acoustician,
these are two separate steps which must not be
merged.

• The process of presetting can further be subdivided
in "first fit", "gain adjustment" and "assignment of
the hearing situation to the different memories of
the hearing instrument".

• Especially the novice acousticans deal less with the
different parameters during fine tuning. They need
a view as easy as possible on all basic parameters
like for example volume or gain parameters.

As a consequence, four TaskCards instead of three
were realized in the next version of the optimized pro-
totype. The TaskCard “Tuning” covers now the func-
tions which are compulsory for each fitting process
(First Fit, Gain and Program Assignment). This refined
subdivision of the workflow is represented on subtask
cards (see figure 3). The TaskCard “Fine Tuning” pro-
vides mainly optional fitting functions and all parame-
ters for the more detailed fine tuning.

A following usability test showed that this partition into
“Tuning” and “Fine Tuning” corresponds better with
the workflow of both the novice and expert acousti-
cians.
The final step of the process is the specification of the
user interface to guarantee a concept-exact implemen-
tation and therefore user friendly realization by the soft-
ware development team.

4 Conclusion

The usability of CONNEXX could be improved decisive-
ly without any reduction of the functionality. This was
achieved by a consequent application of the TaskCard
concept. 
In the first interaction concept, the granularity of the
tasks was not fine enough. This shows the importance
of the iterative design process. Secondly, it shows the
importance of choosing the right and covering all user
groups (in this case experts and novices) during the re-
quirements phase.
The concept now has to stand the challenge in the ac-
oustician’s daily routine.
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Figure 3: The re-designed prototype
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ABSTRACT 

This paper describes the iterative design process of a graphical user interface (GUI) for an innovative multi-
modal computer system. This computer system has an auto-stereoscopic monitor, which allows the user to
use a three-dimensional graphical user interface. Additionally, speech, gaze, and gesture based interaction
has been implemented.
Designing a usable GUI, which easily allows to integrate the different interaction modes appeared to be
rather difficult, even though the functionality of the prototypical applications are of moderate complexity.
There are different ways of designing novel GUIs. Design drafts are often based on the designers’ experi-
ence and creativity. In the case of three-dimensional graphical user interfaces only a few design examples ex-
ist and most of the available standards or guidelines are not applicable. 

1 Introduction 

To include the users’ point of view in the design pro-
cess very early, different methods can be used. We de-
cided to support the creative process of the GUI design
for an innovative multi-modal computer system by a
combination of empirical studies and interdisciplinary
group discussion. Different prototypes were developed
in an iterative development process. The first step in
the design process should be to set up appropriate ap-
plication scenarios, the decision for the general inter-
face metaphor, and the definition of the various func-
tions. This was done by a discussion group consisting
of the IT-developers and psychologists. In a brainstorm-
ing with 30 researchers numerous suggestions for a
metaphor were found and used as base for the further
development (cf. Wood & Zeno, 1996). Additionally, the
time constraints in the project and the technical restric-
tions of the 3D-modeler software had to be considered
as well as the specific features of the new interaction
modalities speech, gaze, gesture.
The following questions had to be answered: 
1. How should the depth of the 3D-interface be used

for a concise arrangement of various interface ele-
ments?

2. Are there some constraints that could bias the
interaction reliability for gesture, speech and gaze
interaction?

3. How can well-recognizable terms for speech inter-
action be devised to invoke the different interface
functions?

4. For what kind of functions should gaze interaction,
speech interaction or gesture interaction be imple-
mented?

5. Are there any functions that need a precise pointing
device, like a mouse?

2 Problems and solutions 

In the discussion it was decided that the activation level
of the interface elements should be symbolized by the
depth of the 3D-interface. Activated by the user, back-
ground elements move forward and appear in greater
detail.
Some special problems of each of the several interac-
tion modes are: 
• speech recognition can fail because different func-

tions are invoked by very similar sounding phrases,
which are difficult to distinguish by the system, 

• gaze interaction is not very precise in terms of spa-
tial resolution, because of technical and physiologi-
cal constraints,

• gesture recognition can fail, because of highly vari-
able execution of gestures and low spatial resolu-
tion of automatic image processing. 

To deal with these problems the following solutions
have been found: 
• The expected problems with speech interaction

were solved by an empirical test of synonyms. Sys-
tem performance could be enhanced by allowing
synonyms for the different function terms. The
integration of the well recognized terms as textual
part into the icon prime the user to use these
phrases. 

• Gesture interaction was used for pointing to large
interface objects and for simple manipulations of
objects in the 3D-Interface, e.g. to move objects.

• Gaze interaction was generally used to offer addi-
tional information in dependence of the focus of the
users’ visual attention.

• The size of the interface elements influences the
recognition rate of the gaze and gesture recognition
systems. Elements had to be designed according
to these requirements.

The fourth question, what function should be activated
by which interaction modality, was answered for each
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single function. Speech interaction is an efficient short
cut. For accurate positioning or the selection of small el-
ements a specific pointing device, like mouse or pen, is
necessary.

3 Empirical studies to specify design 
approaches

As the next step, synonyms for the function terms and
suitable iconic representations had to be created. An
empirical study based on the Brainstorming-Associativ-
ity-Method (see figure 1) was conducted with 30 partic-
ipants. 

The created icons were ranked by clarity and frequency
of concordance.

The highest ranked icons were used as templates for
the construction of the 3D environment, using the soft-
ware “3DStudioMax”.

There were specific restrictions for icon construction,
e.g., to construct well-identifiable objects with the least
amount of polygons, in order to maximize the frame
rate while rendering 3D-scenes. Speech recognition
tests were conducted with female and male speakers
to find well distinguishable synonyms for all function
terms. The function terms that were best recognized
by the speech recognition system were placed below

each icon as verbal description. In a questionnaire (see
figure 2), the “Classification-Safety-Matrix” (cf. Staufer,
1987), 31 participants judged which icon fits a function
term best and ranked the confidence of their judge-
ment (see table 1). 

Table 1: Recognition rate of icons representing func-
tions

* Range of values „confidence“ from 1 (negative pole) to 10 (positive pole).
The value is build by a combination of “right recognition” and “doubtless-
ness”: from “well recognized” + “very sure” (10) over “well recognized” +

Figure 1: Clipping of the material from the Brain-
storming-Associativity-Method for the function
“Next”.

Figure 2: Clustering of created icons by resemblance
for the function “New”

Figure 3: Clipping of the Classification-Safety-
Matrix. 

ICON
recog-

nition in %
confidence*

mean SD
Select all 76.0 6.96 2.49
Select all (2) 90.3 7.84 1.71
Autorotation off 93.8 8.69 1.75
Autorotation on 100 9.23 .96
Return selection 81.3 6.97 1.76
Exit 90.3 7.81 1.78
Rotate 100 9.52 .68
Help 100 9.81 .40
Copy 81.3 7.06 2.08
Copy (2) 96.9 8.06 1.72
Load 87.5 7.77 1.84
Load (2) 93.3 7.97 1.77
Delete 81.3 7.06 2.03
Multi-selection off 90.6 7.59 1.66
Multi-selection on 78.1 6.84 2.24
New 96.9 8.90 1.19
New (2) 61.3 5.63 1.83
Objects 93.8 8.69 1.33
RGB-cube 96.8 8.52 1.46
Undo 100 9.10 1.16
Scaling 90.0 7.87 1.78
Save 93.8 9.16 1.46
Speech output on 100 9.45 .81
Speech output off 100 9.44 .88
Texture selection 90.3 8.19 1.96
Shift 84.4 7.47 2.54
File 96.9 8.42 1.15
Tools 96.9 9.25 1.61
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“very unsure” (6), „wrong recognized“ + „very unsure“ (5) to „wrong rec-
ognized“ + „very sure“ (1).

Icons with a low recognition rate or with less confi-
dence were redesigned or replaced by a well-recog-
nized icon for the same function. The redesign was fo-
cused on higher conciseness of graphical elements in
the icon itself and the reduction of redundant graphical
elements to increase the clarity of the representation.
The interdisciplinary development team evaluated the
quality of the redesigned icons on the actual 3D-Dis-
play. 
Parallel to the development and evaluation of the icons
the IT-developers implemented the interface functions
and tested the logic of the program with preliminary
placeholders. 

4 Conclusion

The prototypical application was completed with the in-
tegration of the icons which replaced the placeholders
for the logic tests of the implemented functions. An
user test showed that users could fulfil tasks with the
multi-modal application after a short period of instruc-

tion. There were neither remarks about problems un-
derstanding the chosen metaphor for the depth of the
interface nor about misinterpretations of the icons. This
approach to support the innovative GUI design through
empirical research was experienced as helpful by the
IT-developers, and useful for the users to efficiently in-
teract with the novel GUI.
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ABSTRACT

This paper introduces set of indices to evaluate a web site’s usability. The indices are computed from the
server log file of the NetMind Tracker. Examples of the measures used to assess effectiveness, efficiency
and user satisfaction are given.

1 Introduction

Usability aspects are nowadays known to be essential
factors that contribute to a successful system design.
Thus, users no longer only ask ‘what kind of tasks can
I perform with this system?’ (functionality) but also
‘how do these tasks actually have to be performed with
this system?’ (usability) (Nielsen, 1993). 

Compared to more or less cost intensive systems (e.g.
desktop applications, mobile phones, PDAs) especially
with the often free Web Technology, usability aspects
are of even greater importance: 

1. As web sites that support the same set of tasks
(e.g. writing a mail) might be ”just one click away",
visitors are more likely to leave the current site
once they encounter a usability problem and try to
achieve their goal on a competitor’s site.

2. Due to a higher ‘a priori investment’ (e.g. costs,
effort to order/buy the product) users will be more
persistent when trying to achieve a goal with a cost
intensive system (e.g., word processor) than they
will with a low/no cost system (e.g., web email
application). According to Festinger this phenome-
non results from the fact that people try to justify
their investment (1957). Thus we can assume that
the user’s persistence and tolerance is only little
when interacting with a free (of charge) web inter-
face.

To summarize, usability is an important factor with
even greater significance when dealing with web sites
or web applications. In this paper a new approach to as-
sess a web site’s usability is introduced. The con-
straints that accompany web development projects are
considered.

2 Yet another method?

User Centered Design (UCD) Research has produced a
great variety of methods that help to evaluate and im-
prove a system’s usability. These methods are mainly
based on the assumption that we do have clearly
marked (re)design stages that allow us to spend a given
amount of time on usability engineering activities. The
(re)design is then followed by the system release, as
soon as all (or at least most of) the functional- and us-
ability requirements are met. Yet, in web development
projects these conditions are somewhat different:
• Web site developers have the chance to immedi-

ately change and improve their site with regard to
functional and usability requirements without the
need to ship and redistribute a new version. 

• In Web development time to market intervals tend
to be shorter. New or redesigned sites are there-
fore often launched without any kind of evaluation
(Nielsen, 2000).

Thus, compared to the development of "traditional" soft-
ware, Web sites may be modified continuously and
therefore need a permanent feedback on the quality of
all applied changes. A method that provides such con-
tinuous feedback on usability aspects, are the Ergo-
Mind Indices derived from NetMind server log files.

3 The Ergomind Indices

The ErgoMind Indices are a collection of basic usability
measures computed from the NetMind Tracker’s log
file. This log file consists of interaction data, which are
fed in by a java applet running on the user’s computer
(see Figure 1). This log file is then parsed for "patholog-
ical interaction patterns," i.e., combinations of interac-
tion events that point at certain usability problems.

Figure 1: The ErgoMind Architecture
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According to the definition given in the ISO 9241/11 the
ErgoMind Indices were developed to estimate a Web
site’s usability with regard to its effectiveness, efficien-
cy and satisfaction. For the sake of brevity only one ex-
ample index for each aspect is introduced here.

Example index effectiveness: task completion 

An effective web site allows the user to achieve his
goal. In certain areas of a web site (e.g., payment wiz-
ards, search engines, configuration modules) user goals
can be reliably inferred. Thus, effectiveness can be esti-
mated by measuring task completion

Example index efficiency: clicks below page 

fold 

An efficient web site allows to navigate to the desired
content without a great amount of clicking and scrolling
necessary. Therefore a frequently used hyperlink
should be available above and not below the docu-
ment’s page fold: 

Example index satisfaction 

4 Future Research

ErgoMind Indices are an important step towards contin-
uous usability evaluation of web sites. In the future, we
will put the indices to a test to a) find out about the ap-
proach’s overall utility, b) validate the results using other
usability inspection methods (such as Heuristic Evalua-
tion, Nielsen & Mack 1994) and c) gather data that can
serve as cutoff values and benchmarks for future appli-
cations of the indices.
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area_users_total::
total number of users that entered an area (e.g.,
launched a payment wizard)
area_users_success::
number of users that successfully completed the goal
implied by the area (e.g., made a payment)

n:
number of hyperlinks available on Web site
Pclick:
percentage of clicks per link [0-1]
Tpgfld:
hyperlink below page fold? [0/1, i.e. true/false]

effectiveness
area users success

area users total
task completion_

_ _

_ _
= ∑

∑

efficiency P Tbelow page fold click pgfld

n

_ _ ( * )= − ∑1
1

There are numerous interaction events that imply that
the user is satisfied with the services offered on the
web site (e.g., "add to favorites", "bookmark this page",’
or "print current page"). Thus the ratio between the to-
tal number of site visits and visits that yield such "sat-
isfaction events" can serve as a measure of user satis-
faction:

site_visits:
total number of site visits
session_satisfied:
did a “satisfaction event” occur in this session? 
[0/1, i.e. true/false]

satisfaction
session satisfied

site visits
= ∑

∑
_

_
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1 Introduction 

‘Every member of ERCO staff should be in a position to
make a presentation on products, projects and lighting
design anytime and anywhere.’

Charter of Hasselt 2000

This quote from the Charter of Hasselt 2000, the stra-
tegic manifesto of ERCO Leuchten GmbH (www.er-
co.com), was the starting point for the development of
a web-based tool for creating on-screen presentations
for marketing and training purposes.

2 Outlining the problem

No other company defines its corporate culture quite as
consistently and successfully through its uniform corpo-
rate image as the globally active luminaire manufactur-
er from the city of Lüdenscheid in Westphalia. ERCO
applies and implements the regulations laid down in its
award-winning corporate design in all its modes of
communication. What gave rise to the development of
the Presentation Scout was the fact that this continuity
in corporate communication across all media was being
hampered by a situation characterised by cost-inten-
sive, inefficient operations.

In addition to the html presentations on products and
projects prepared by the Marketing department, ERCO
employees around the world used Microsoft Power-
Point to prepare on-screen presentations for sales and
training purposes. The design of these presentations
was influenced more by the artistic inclinations of the
person creating them than the defined design guide-
lines of ERCO’s corporate image. The company’s for-
mal quality standards were only met in the very rarest
of cases. Because the image archive of over 100,000
project and product images in the company headquar-
ters in Lüdenscheid was only accessible to a very small
number of employees, staff in the company’s numer-
ous international branches had to resort to scanning im-
ages from the product catalogue or the company mag-
azine Lichtbericht for their presentations.

The Presentation Scout was developed in order to im-
prove this situation significantly.

Briefing for the Presentation Scout:

• employees should be able to create html presenta-
tions quickly and easily

• presentations should be created in line with
ERCO’s corporate image using defined layout tem-
plates

• users should have access to the growing digital
ERCO image database, which currently has over
10,000 images

• the search for images should be facilitated by a
comfortable and intuitive search function

• employees should be able to include interactive
media elements

• employees should be able to view presentations
via ERCO Netz (intranet)

• employees should be able to download presenta-
tions as a ZIP archive

• sample presentations on selected ERCO topics
should be provided employees should be able to
exchange presentations

3 Design of the Presentation Scout

The model for the formal design of the Presentation
Scout is the future ERCO Internet website, the so-
called Light Scout 2002. The black bar in the upper part
of the screen contains the company logo, the name of
the application and the general functions.

The lower part of the screen contains the presentation
workbench. This section contains objects such as pre-
sentations, presentation pages or images and object-
specific functions such as ‘View presentation’, ‘Copy
presentation page’ etc.

The Presentation Scout is divided up into three function-
al areas: the presentation organisation area, the presen-
tation creation and editing area and the image search
engine.

3.1 Organising presentations

Following authentication, users access the presenta-
tion organisation area where they are presented with an
overview of their own presentations. Here, they can de-
lete, copy, view and edit presentations, download them
as a ZIP archive or make them available to other users.
They can also view presentations provided by other em-
ployees or sample presentations prepared by the Mar-
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keting department and copy them into their own pre-
sentation organisation areas.

3.2 Creating and editing presentations

When creating a new presentation, the user enters
some data about the presentation. The creation of the
presentation pages can now begin. Eleven page layout
templates have been provided for this purpose. Having
selected the most suitable page layout, the template
appears on the screen with placeholders for text and
images. The user can enter or alter text by clicking on a
placeholder text box. The user can add or alter an image
by clicking on a placeholder image box. Any page can
be deleted or copied. A note can be written for any
page. Notes can be printed together with preview im-
ages of the individual pages and used as a presentation
aid.

3.3 Image search

By clicking on a placeholder image box, the user can
add to the presentation an image from the computer’s
hard disc or search the image database for a suitable
image. There are two ways of searching the image da-
tabase. When conducting a ‘key word search’, the user
enters one or two key words to search the database for
images. When conducting a ‘targeted search’, on the
other hand, the user is guided through the different cat-
egories in the image database. 

When the search results are displayed, some of the im-
age’s most important characteristics are listed along-
side the image. For instance, project-related images
will be displayed with details of the photographer, light-
ing designer, architect, location and the database cate-
gories in which the image can be found. Clicking on one
of these characteristics initiates a new database search
for results that match the selected characteristic. This
guarantees an extremely intuitive image search. Inter-
active media elements with animation for lighting de-
sign can also be integrated into the image search.

The Presentation Scout was launched a year ago and
has been used by about 150 employees to date. At
present, over 800 presentations are administered and
organised by the Presentation Scout.

Figure 1: Organising presentations

Figure 2: Working with layout templates

Figure 3: Search result list
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ABSTRACT 

It is a known fact that the usability of web sites is more and more a decisive factor for the success or failure
of these systems. To improve the usability is one of the recommendations for the interface design of web
sites. Interface design in this context is more than the pure design of screen layout. It includes the consider-
ation of the context of application in which a web site could be used as well as the different states of experi-
ences of different users. Designing web sites with respect to the individual application situations of different
users is a necessary precondition for using web sites as platforms to encourage the communication between
users. Within the development of a web portal in the field of human-machine-interaction the interface design
with respect to the communication of potential users with the system as well as between different users via
the system is of great importance. The concept of this web portal will be presented within the paper.

1 Introduction 

The use of network technology for the distributed use
of database systems is of advantage not at last for en-
hancing the efficiency in working together with others.
With regard to the wide spread information existing
within enterprises it is helpful to collect this informa-
tion and to make it available for all employees by using
for example an intranet system. The exchange of infor-
mation and especially experiences simultaneously
with people all around the world concerning definite
fields of interest or problems is a promising use of the
internet.

The negative development of enterprises offering dif-
ferent services for internet or intranet solutions give a
hint that it is not enough to collect an enormous
amount of information into database systems and to
make this information available for many different us-
ers. If internet or intranet solutions should be used to
support the individual work then it is obvious that the
integration of those internet/intranet applications into
existing workflows is a design task to be solved. 

Furthermore the consideration of individual differenc-
es in using the internet/intranet is a decisive factor for
the successful use of those systems. It is not only im-
portant to have enough information stored into a sys-
tem but to make the right information available for the
selected group of users at every time.

More and more usability is a decisive factor for the
success or failure of software products on the market.
The question is not any longer what features a product
does have but whether certain users can achieve their
objects in a certain context of usage in an effective, ef-
ficient and satisfying way (see EN ISO 9241-11, 1998). 

Evaluating the effective and efficient usage of soft-
ware products was and still is the object of ergonomic
studies. Compared to it the analysis of satisfaction

with respect to computer applications still has deficits.
Especially emotions when interacting with a software
product and their influence on satisfaction have rarely
been investigated.

The responsibility for the emotional effects of prod-
ucts is very often delegated to designers. With respect
to the look-and-feel of software products especially
the field of interface design is demanded. The aim of
an emotional interface design is not at last to quieten
the anxieties of users against a technology they can
not understand any more. Computers should become
“user-friendly”, which means “easy to handle, but dif-
ficult to understand (Bolz, 1998)”.

The demand for a good usability (in the sense of im-
proving the effective and efficient usage) and at the
same time for a high quality of aesthetical design is of-
ten seen as contradictorily. The putative oppositeness
of usability and aesthetic is directly connected to the
combination of design and ergonomics when design-
ing interfaces of software products. This combination
is influenced by different ways of interpreting the idea
of design. 

It is a typical characteristic of a more artistically orient-
ed design to warn of a “scientification” of design
(which includes especially ergonomics). By way of
contrast the connection to sciences is a necessity for
a technical oriented design (“a designer should be at
home in the categories of technique and science”,
Aicher, 1994).

The differentiation between a more artistically and a
more technical design is also true for the design of
software interfaces. Nevertheless when designing
computer applications form an artistic point of view it
is more suitable to talk about media art which do not
have the pretension of usability.
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2 Interface design as a process 

From an ergonomic point of view the term “interface”
can be used to characterize the spatial-temporal cou-
pling between different partners while performing a
task together (Bruder, 2002). In the case of a human-
computer-interface the spatial coupling is realized via
tools for information input (like keyboard, mouse and
touch screen) or output (like displays). Before the real-
ization of an interface as a materialistic entity it has to
be clarified which kind of operations should be carried
out by the human-computer cooperation and in which
way the tasks should be split between human and ma-
chine.

The integration of computer-based systems into exist-
ing workflows and the adaptation to the state of
knowledge of different users are recommendations
for the interface design of user-centered software sys-
tems. This means a broaden understanding of inter-
face design which is not restricted to the definition of
the look-and-feel of a computer-system.

A possible strategy for integrating the user as soon as
possible into the design process of interfaces is de-
fined in prEN ISO 13407 (1997) “Human-centred de-
sign processes for interactive systems” (see
figure1).The presented human-centred design process
is used within the project “Design of a web-portal for
research in human-machine-interaction”. This project
is conducted at Technical University of Aachen, Tech-
nical University of Berlin, Essen University and Kaiser-
slautern University. The speciality of this project is the
interdisciplinary composition of the project team. Er-
gonomists, psychologists, designer and computer sci-
entists are working together so that the improvement
of communication between different disciplines by us-
ing the WWW can be studied already within the
project. 

3 Interface design of a web portal for 
research and practice in human-
machine-interface

The target group for the web-portal to be developed is
people being engaged with human-machine-interac-
tion in research and practice.The portal should become
a competent address for information concerning hu-
man-machine-interaction (e.g. research papers, an-
nouncements of conferences). Furthermore it is an im-
portant aspect of the web-portal to support the coop-
eration of groups working in the field of human-ma-
chine-interaction (HMI).

The HMI web-portal refers to expert users who want
to use the portal as a platform for cooperative work or
as a medium to interchange information with other ex-
perts. But as well novices in the field of HMI with a
specific problem are invited to use the web-portal.

One of the most important criteria for the develop-
ment of the web portal is the acceptance by future us-
ers. Extensive usability testing of the interface design

as well as the functionality of the system is carried out
throughout the whole project to achieve this demand
for user acceptance.

It is planned that the portal can exist without a profes-
sional editorial office after a starting phase. Because of
this aim for development the concept “users as edi-
tors” will be used. That means users do have the pos-
sibility to make their own information available for oth-
er users via the portal (see Kindsmüller et al. 2002).
These information will be evaluated by other users ac-
cording e.g. to the relevance for practical problems in
the field of HMI. It is necessary to become a registered
user to have the opportunity to place information with-
in the portal.

The adaptation to individual wishes and needs of users
with respect to the selection and presentation of infor-
mation is possible only for registered users. This is one
motivation for users to register and thus become a
known member within the virtual HMI community.

Especially because of storing user profiles and be-
cause of the concept “users as editors” different per-
sonal data will be stored within the data base of the
web-portal. An efficient and reliable security concept
for data protection will be developed and used to pro-
tect the individual rights of users. It is an important
task for the interface design to make this security con-
cept transparent for the users to heighten the confi-
dence in the portal.

There are several components of the portal to be de-
veloped which already exist within the WWW (e.g. an
online-journal called mmi interactive at: www.mmi-in-
teraktiv.de; list of links, conferences, expert data base
at: www.zmms.tu-berlin.de). The web portal will col-
lect and integrate those existing content under one ad-
dress in the web.

Furthermore new components will be developed to
make the web-portal more than just another large da-
tabase system. For example a shared workspace will
act as a web-based communication platform with a de-
tailed network management for distributed work
groups or interest groups. Another new component is
a profile-driven notification agent which gives individu-
al hints to new contents of the web portal which might
be of interest for specific users. 

This profile-driven sorting and potentially filtering of in-
dividually presented information is of high importance
especially because of the expected heterogeneity of
user groups. Techniques for user modelling will be in-
tegrated to keep the user profiles up to date (which is
a problem of systems where users have to define and
change their profiles if necessary by themselves).

These actual profiles will be used also by the agent
system to collect information about changing in the
content of the web-portal. These changing can be pre-
sented to the user for example by sending an email
(the interval for this update can be defined by the us-
er). It is also planned to design a graphical representa-
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tion for the agent system so that the “agent” is visible
for the user when interacting with the web portal. The
agent is not only there to give hints to the user but also

to get orders by the user (e.g. to find a special kind of
information).
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Figure 1: Human-centred design process according to pr EN ISO 13407 (1997)
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ABSTRACT

Within the framework of a project carried out by the Institute for Ergonomics and Design Research at Essen
University, the task was to increase the acceptance of a newly introduced Intranet offer in a Radio/Television
station. It was planned to achieve this by involving the greatest possible number of employees from the most
different departments and hierarchical levels and helping them to develop the contents and the design of the
Intranet solution and by this making it their Intranet.

1 Introduction

The flow of information and communication in busi-
nesses, the administration of knowledge-management
and the identification of employees with the firm can
and should be supported by the use of intranet sys-
tems. However, in order for intranet systems to play
such a role in company communication, it is essential
that employees accept Intranet.
Often Intranet concepts are developed by a small team
for all the employees of a large firm. However, the
great challenge in the idea of an Intranet is to present
material in a way that is interesting and enriching for
most employees in widely differing departments. The
usage of an Intranet by a larger number of users is also
a necessary precondition for integrating the Intranet in
workflow processes.
The starting point of a project carried out by the Institute
for Ergonomics and Design Research at Essen Univer-
sity was the analysis of a newly introduced intranet of-
fer in a Radio/Television station. The aim of the project
was to find out the acceptance of this new Intranet
within the group of actual users. Furthermore proposals
for improving the existing Intranet should be developed
to raise the number of users. In addition it should be
evaluated to what extend existing workflow processes
could be improved by using the Intranet.
It was planned to achieve the acceptance of a large
number of users and to establish the Intranet as a work
tool by involving the greatest possible number of em-
ployees from the most different departments and hier-
archical levels. The task of the external consultants was
to help the internal staff to develop the contents and the
design of their Intranet respectively.
The whole project was divided into two phases:
• In the analysis phase an e-mail questionnaire was

sent to all employees in all departments of the tele-
vision/radio sender. This was followed up by per-
sonal interviews with selected employees.

• In the second phase of the project, goals for the
future development of the Intranet were drawn up.
The process of improving the existing Intranet was
carried out by using a user-centred approach. 

2 Analysis of the existing Intranet

The task of the analysis phase was to discover how the
Intranet was used by the employees of the broadcast-
ing station and where improvements could be made in
the content offered, in the guidance of users and in the
graphic presentation.
In order to answer these questions, a user enquiry was
made in two stages:
In the first stage, with the help of a short questionnaire,
general information about the current user habits of as
many users as possible was to be gathered. This ques-
tionnaire was distributed to all employees via email. It
was also possible to return the answered questionnaire
via mail. Those employees with no access to an email
account had the opportunity to get a hard copy of the
questionnaire. The sending of questionnaires via emails
reached about 2.000 employees. 
The poor response (10%) to the e-mail action reflected
the lack of acceptance of Intranet in the company. The
actual answers also left great room for improvement in
user behaviour: 58% answered the question ‚ How of-
ten do you use Intranet?‘ with the answer ‚Daily‘; 30%
with ‚Weekly‘, 11% with ‚Seldom‘ and 1% with ‚Nev-
er‘.
The fact that 74% said they could use the Intranet infor-
mation to facilitate their work, gave hope for an eventu-
al increased number of users, as well as an increase in
the frequency of use.
Among the reasons for problems in accepting Intranet,
it was mentioned that the contributions were not up-to
date enough. Casual workers also complained that they
had difficulties accessing information. Moreover, the In-
tranet was frequently evaluated, not as a medium of di-
alogue, but as a medium of information – a silent part-
ner, confronting the user with a mass of potential infor-
mation that he must cash in on alone.
In the second analysis phase the reasons for particular
user habits and specific wishes with regard to future In-
tranet development were to be gathered. 
In this more sophisticated analysis phase personal inter-
views with employees from different departments and
also from higher levels of the broadcasting station were



User-Centred Design of an Intranet Solution for a Broadcasting Station

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

314 Petra GERSCH (1), Ralph Bruder (1), Norbert Brackmann (2), Juergen Werwinski (2)

conducted. Altogether 125 persons were interviewed,
of which 20 were superiors. The interviews lasted for
about 2 hours and were made by using an interview
manual.

From the answers to the personal questionnaire, it was
possible to deduce that the acceptance and use of Intra-
net in any department were closely connected to the
opinion and customary use of Intranet by the head of
the department. Further points of criticism mentioned
in the personal interviews were the unfavourable infor-
mation structures and the unattractive layout.

Besides criticism of the Intranet in its existing form,
suggestions for further development were also gath-
ered in the personal interviews with employees.

The insights achieved in the phase of analysis formed a
starting point for the further development of the Intra-
net, in the form of a concept for future goals.

3 Improving the Intranet 

In a second phase of the project, a plan for the future de-
velopment of Intranet through a user centred design
process was worked out. Hereby, the specification of
suggestions for the extension of possibilities of use,
served as a basis for processing the interface design of
the Intranet – whereby the structuring of the informa-
tion and the navigation in the system was overhauled
and discussed with potential users of the system.

The starting points for the further development of the
existing Intranet offer were two workshops with em-
ployees of the broadcasting station. 

In the first workshop – the so called creative workshop
– employees from different departments and hierarchi-
cal levels thought about what ideas, measures and
strategies could be used to make the Intranet of the sta-
tion more attractive.

The results of the first creative workshop formed the
basis for a second workshop – the so called transforma-
tion workshop. During this event, employees who had
been concerned, among other things, with the techno-
logical availability of the Intranet and with the guidance
of its users, examined the suggestions from the first
workshop, on the basis of their potential for being trans-
formed into practical action.

Moreover, in the second workshop, several sugges-
tions for the further development of the content of the
Intranet were worked through and sorted out on the ba-
sis of whether such ideas could be realised on a short-,
middle-, or long-term basis.

4 Structuring content and navigation

At this stage of the project, the suggestions made in
the analysis phase for the new structuring of new con-
tents were used for the contents in hand.
The goal of this restructuring was, on the one hand, the
adoption of the content favoured by the employees
and, on the other hand, to achieve a clear grouping of
contents, in order to facilitate the overall view and the
orientation. Redundancies that existed until then in the
listing of the categories, such as ‚Notice Board‘ and
‚Current Topics‘, which were often a source of irritation
for users, were replaced by unambiguous terms.
A complete new structure for the information stored
into the Intranet and the offers placed into the Intranet
was developed. Six suggestions for new categories
were made for the further development of Intranet, of
which two will be mentioned here:
• “Results of our work” 
This category comprises information about the larger
areas of the media company e.g. radio, television, the
orchestra, events and the Intranet for which every em-
ployee of the station in very different ways, according to
the profile of his place of work, is active. Moreover, this
category should inform employees about topics of pub-
lic interest ahead of time i.e. before such information is
made public – thus, the category gains a certain aura of
exclusiveness.
• “Intra-active” 
In this category, those offers are combined through
which users not only obtain information from Intranet,
but also exchange information through Intranet i.e. us-
ers must themselves become active. Examples of such
offers are Chat Forums that are centred round particular
themes or addressed to specific persons (a chat has al-
ready been arranged with the Director). A marketplace
also belongs in this category; here goods can be bought
and sold. Finally, the category ‚Intra-active‘ also includes
a '‚Do it Simply', in which the user can order material,
borrow equipment, or apply for holidays. Through this
offer, Intranet is integrated into the workaday world and
can be used to save effort.
In a last step, on the basis of the structuring of contents,
a navigation structure was worked out. Its principal goal
was, through varied navigation strategies, to take into
consideration the needs of both experienced and inex-
perienced users. 

5 References

Please ask the author for relevant literature.



Improving the Usability of a Web-Based Learning System      

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

Thomas HOFMANN (1), Christian Noss (1), Frank Leidermann (2) and Harald Weber (2) 315

Improving the Usability of a Web-Based Learning System 

Thomas HOFMANN (1), Christian Noss (1), Frank Leidermann (2) and Harald Weber (2)
(1) Institute for Ergonomics and Designresearch, University of Essen, Universitätsstrasse 12, D-45117 Essen, E-mail: tho-
mas.hofmann@uni-essen.de, christian.noss@uni-essen.de
(2) Kaiserslautern University, Institute for Technology and Work, fleider@sozwi.uni-kl.de, hweber@sozwi.uni-kl.de

ABSTRACT

The goal of the project INTEGRAL II is to prepare teaching material on human factors / ergonomics in a multi-
medial way and to present such material  in a supplementary way to accompany lectures and seminars. This
paper describes the challenging, interdisciplinary process to synthesise usability, accessibility, and aesthetical
issues during the design and implementation of a learning system.  

1 Introduction

The goal of the INTEGRAL II project is the develop-
ment, organizational introduction, and evaluation of a
multimedia web-based learning system. The system
has been exemplarily developed for the application field
of human factors / ergonomics. As far as content is con-
cerned, the resulting INTEGRAL II system will com-
prise fifteen technological-ergonomic and organisation-
al-personnel learning modules, as well as one larger
module regarding organizational change processes.
The fifteen participating research institutes and academ-
ic chairs construct multimedia content for one or more
areas, in accordance with their individual competence.
The degree of interactivity and the extent of multimedia
features varies in relation to the lesson contents.
This paper describes the setting up of the interface de-
sign with a special focus on the usability and accessibil-
ity of the INTEGRAL II. One of the greatest challenges
in this project is to combine the criteria resulting from a
demand for good usability with aesthetic demands. The
other essential challenge is in what way such design
guidelines and the resulting styleguide can be transmit-
ted and made available to a consortium of fifteen heter-
ogeneous project partners. 

2 Usability Guidelines

Of primary consideration was the working out of usabil-
ity guidelines. On the basis of different standards (esp.
ISO/CD 141915-1, DIN ISO 9241-10/13), guidelines
were compiled. They are oriented on the usability defi-
nition described in DIN ISO 9241-11: "the extent to
which a product can be used by specified users to
achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified
context of use." 
In addition to the different ISO standards further criteria
concerning usable software design released by IBM,
APPLE and UNIX were integrated into the definition of
usability guidelines.
The reason to develop these guidelines is to give all
partners basics to design there documents, according
to ergonomic rules and special interface-design require-
ments. The guidelines are hierarchically organized ac-
cording to the design process (main concept to details).

The resulting guidelines characterize basic rules for the
design of documents and are made available to all part-
ners online. 

3 Accessibility Guidelines

In the context of the INTEGRAL II project, a proactive
design for all approach shall be applied in order to
achieve a learning system which is accessible and us-
able by a diverse user population, and through a variety
of different technologies (Stephanidis, 2001). The po-
tential diversity of interface requirements is exemplified
by the following usage scenarios:
• students using small-sized notebooks or PDA’s

without pointing-devices (e.g., mouse, touch-pad)
and without sound, 

• blind students using speech output via screen-read-
ers, 

• students using mobile phones (e.g., for scheduling
meetings of their virtual learner group).

In order to meet this diversity of requirements, several
design and implementation guidelines have been re-
viewed and modified to suit the INTEGRAL II consor-
tium. These accessibility guidelines cover HTML and
PDF documents as well as Java applications. In the fol-
lowing, these guidelines are briefly characterized.

3.1 Guidelines for accessible HTML 

documents 

The guidelines which are aiming at accessible HTML
documents are derived from the Web Content Acces-
sibility Guidelines 1.0 (WCAG 1.0) of the World Wide
Web Consortium’s Web Accessibility Initiative (W3C,
1999). The adoption of this standard is promoted by the
European Commission for all public Web sites (EC,
2001). In the USA, comparable guidelines are even le-
gally binding (US Access Board, 2000). 
The WCAG 1.0 have been tailored to the INTEGRAL II
project by discarding low-priority guidelines, by remov-
ing redundancies with the above mentioned usability
guidelines and by adding supplementary explanations.
Moreover, the guidelines were restructured based on
the working draft of the subsequent version WCAG
2.0. The resulting set of guidelines aims at designing
and developing HTML documents which allow presen-
tation and interaction according to the user's needs /
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preferences. Moreover, different technological consid-
erations are required, e.g., compatibility with assistive
devices or support for older Web browsers.

3.2 Guidelines for accessible PDF documents

The Portable Document Format (PDF) has meanwhile
evolved to a major Web content format. The according
guidelines instruct the INTEGRAL II developers (step-
by-step) how to create PDF documents. These instruc-
tions themselves are provided through an accessible
and usable interface.

3.3 Guidelines for accessible Java 

applications

For the development of accessible Java applications, dif-
ferent approaches have been evolved (Korn & Walker,
2001). In INTEGRAL II, the concept of the Java Accessi-
bility  API (Sun, 1998) which is targeted on the compati-
bility with assistive technologies was selected. Accord-
ing guidelines have been prepared for the consortium.  

4 Styleguide 

The design of the interface (regarding colour, typogra-
phy, buttons, screen-layout, functionality, structure, dia-
logues, etc.) used in INTEGRAL II were developed  on
the basis of the usability and accessibility guidelines. 
The employment of these designs had to be presented
to the project partners in a usable way as to guarantee
easy take-up by partners and consistency regarding in-
teraction across the entire INTEGRAL II system. A tool-
kit approach was decided upon. 
All units of this tool-kit are to be found on a central web-
based server available to all partners, where all data
necessary for the drawing up of documents is to be
found. The elements are logically and hierarchically ar-
ranged. The tool-kit includes templates for individual
pages, concrete graphic models implemented via cas-
cading style sheets (CSS), as well as directions for inter-
actional operability.
The project partners’ influence on the design varies ac-
cording to the degree to which a document is affiliated
in INTEGRAL II. An external document which is  refer-
enced by a link does not need to comply to the guide-
lines, while (internal) module pages must adhere to the
directions given. Consequently, a functional and aes-
thetic affiliation is regulated. 
If a document is set up by a project partner, it can be fit-
ted to the INTEGRAL II context by simply joining to-
gether the single elements. All documents, with the ex-
ception of multimedia units, are produced in HTML and
are therefore easy to handle. Functionalities are joined
together via copy and paste. Thus, new units can be
quickly integrated into the INTEGRAL II context.
This production method is important to guarantee a con-
sistent design for all partners, above all in a large consor-
tium of fifteen institutes where direct communication
between designers and content producers is not easy.
Moreover, this approach enables partners whose ex-
pertise is not primarily on the technical aspects of an

implementation to provide their content modules ac-
cording to the given styleguide.

5 Synthesis of Usability, Accessibility 
and Aesthetics 

Usability and accessibility requirements can conflict
with aesthetic requirements. The challenge in this
project is a synthesis of these claims. This can only be
achieved through an interdisciplinary approach which
combines Graphical Design, Usability Engineering, De-
sign for All, as well as Software Engineering. Interdisci-
plinary concept in this context means the working to-
gether of specialists with a profound background in the
respective disciplines and not the often used approach
of a single specialist in one discipline trying to cover
claims from other fields more or less successful. 
Cooperation with other disciplines has brought great ad-
vantages to all participants. In practice such inter-com-
munication brings in fact new and unexpected results.
The results are often not solely a compromise between
various claims, but a successful synthesis of them. 
During the whole design-process the disciplines inter-
act very intensive. It is not a hierarchical process, but a
continuous dialog between Design and Software Engi-
neering. 
The introduction of the INTEGRAL II guidelines and
styleguide has resulted in consistent design and an un-
problematic utilisation by the partners concerned.
Throughout the project, this process will be continuous-
ly refined and extended.
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1 Corporate strategy and information 
logistics 

‘The dynamism of our society and our new economy in
particular will increasingly bow to the logic of networks.
Understanding how networks function will be the key to
understanding how the economy functions.’   

Kevin Kelly (1998)

The birth of the information society is often referred to
as the new industrial revolution. Information and com-
munication technologies were the basic innovations of
the twentieth century. In the past, such basic innova-
tions triggered off periods of growth that often lasted
a long time. These periods of growth are known as
Kondratieff cycles, named after the Russian scientist
of the same name. To date, there have been four Kon-
dratieff cycles, the basic innovations for which were
the steam engine, the railway, the car and the airplane
and plastics. 
Today, digital technology is everywhere. The world is
accelerating to the dictates of ‘0’ and ‘1’ and is being
changed by microchips and computer networks faster
than ever before. The digitisation of information allows
us to communicate at global level in real time and
makes possible the modular, non-sequential structur-
ing, visualisation and utilisation of information. The
base and catalyst for this information and knowledge
explosion are information technology and the Internet.
Both interdisciplinary technologies have found their
way into every aspect of our lives. 
The new information and communication technologies
make it possible for people to share work and co-oper-
ate via electronic networks without having to be in the
same place. The term ‘virtual existence of economic
subjects in one place’ illustrates the dimension and the
potential of these new economic and social structures.
The digital age thrives on knowledge. 
Today however, knowledgeƒand by that I do not mean
traditional knowledge, which is often referred to as
classical humanistic education, but the knowledge that
is required to ‘operate’ the economy, state and soci-
etyƒbecomes out-dated faster. 
In concrete terms this means that all employeesƒand
from the producers’ point of view, all customersƒhave
to acquire two or three times the amount of knowl-
edge originally acquired during their training and quali-
fication.  In 1986, about 75 per cent of the knowledge
required for work was stored in the head of the em-
ployee. Ten years later, this figure had shrunk to be-
tween 15 and 20 per cent (see Staudt, presentation:
FAZIT: Regieren, 2002).  

The knowledge of the information society is made up
of the knowledge in each individual’s head, the knowl-
edge that can be gleaned from networks of partners,
suppliers and colleagues (so-called human networks),
and the knowledge that is available on the Internet and
through the networking of suppliers and customers
(so-called technical process networks). 

From the point of view of a medium-sized enterprise
that manufactures architectural luminaries, the time
has come to determine how globalisation, acceleration
and, in particular, digitisation have redefined the de-
mands on corporate strategy and information logistics
in particular if the customers’ demands have also been
transformed by these phenomena. The simple fact
that not only a company’s marketing strategy, but also
its information logistics abilityƒin other words internal
information logistics and, of course information logis-
tics for and to the customerƒwill be decisive competi-
tive factors in the future, illustrates how essential it is
to conduct an intense analysis of current strategic ori-
entation on the relevant market and the radically
changing work methods of the target group.

The new economic structures created by these devel-
opments have three characteristic properties: they are
global, they are based on immaterial assets such as
ideas, information and relations, and are intensively in-
terlinked both technically and mechanically.  It is not
difficult to guess what new potential these technical
innovations open up for traditional, medium-sized en-
terprises. 

It goes without saying that they also add a new aspect
of risk because basic innovations generally result in
fundamental shifts in market shares and sometimes
even in the disappearance of entire economic sectors
or the displacement of performance to other industrial
links in the economic chain.

True to the motto ‘only those who change remain true
to themselves’, ERCO has become heavily involved in
the technical and social change that has swept across
the world over the past few years. This involvement
has been both 

• activeƒthrough strategic globalisation, technical
modernisation of the company infrastructure or the
massive integration of electronics and software
into productsƒand 

• reactiveƒto the demands of a new generation of
customers that plan on a global scale, act and make
completely new demands on information logistics
as a result of digital workflows, thereby forcing a
reorientation of the corporate strategy. 
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In short, 'light not luminaires': a concept goes virtual.

2 Situation at ERCO

At ERCO, Kevin Kelly’s theory about the impending
‘networked economy’ triggered off many questions,
associations, discussions and trains of thought. The up-
shot of these reactions was the establishment of work-

ing groups. These groups did not adhere to the tradition-
al company structure and were heterogeneous and in-
terdisciplinary in nature. Their task was to consider
what effect the birth of the networked economy would
have on ERCO and how the individual parts of the com-
pany could react strategically to these changes. At the
start of this project, the following assumptions were
made:
• Understanding how networks function will be the

key to understanding how the economy functions.
• Business activities will be significantly changed or

have already been changed by globalisation, accel-
eration and digitisation.

• The process capability of the company along the
entire value-added chain is a vitally important com-
petitive factor for the future.

The aim is to come up with exemplary strategies for in-
tegrated, Internet-based information logistics on the ba-
sis of these assumptions.

3 References

Kelly, K. (1998), New Rules for the New Economy: 10 radical
strategies for a connected world, Penguin books, p.9-10.

Figure 1: Virtual mock-up room, ERCO 
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ABSTRACT

Globalization is a trend in the new industrial era. With the increase of worldwide technical product exchange,
a confrontation with several international user groups will be unavoidable. One result is an increasing number
of user groups with inhomogeneous cultural features. Therefore the user requirements on product design
have become much more various than before, because cultural background is an important influence variable
for the abilities and qualities of a user. This paper shows some examples of the application of existing culture
models for user interface design.

1 Culture-oriented design

A useful way of thinking about product design is that it
should be a message from the designer to the user.
The designer has to be able to convey to the user the
functionality of the system in a self-explanatory way. 

If we talk nowadays about user-oriented design we
must realize that in times of globalization culture-orien-
tation is one essential component for successful user
friendliness and self-explanatory functions and design.
Culture is bot an influence factor on user interface de-
sign and an element of user experiences. Culture exer-
cises an influencing factor on the user interface design
process. It shows an effect on the designer and his the-
ories, his thinking and working style, the design process
itself, because each culture has its own style for prod-
uct development, and the design result, because cul-
ture influences the concrete aim of a development pro-
cess. Culture is one element of user-experience. Con-
sequently culture has the same importance as profes-
sion, operation systems (e.g. Windows-experienced),
learning style and other elements.

With the globalization process starts the need for com-
munication that goes beyond the borders of countries
and cultures. The global interaction between different
cultures involves sharing the values of both interaction
partners. The key problem of intercultural design is how
the designer can get the message across to the user of
another culture. It is not simply a question of language.
The most important fact is that the designer and the us-
ers of different cultures agree on information meaning
and its interpretation. There must be a significant ele-
ment of shared meaning between the user and the de-
veloper. The importance of cultural differences as op-
posed to just language factors is now widely recog-
nized. 

The area of culture-oriented design deals with the chal-
lenge of intercultural aspects of product design. There
are two established ways for intercultural design: inter-
nationalization and localization. Internationalization de-
scribes a basic structure with the consideration of fu-
ture integration of culture-specific requirements. This
design concept takes into account some general cul-
ture-specifics (format, language etc.) and is often de-

signed for flexible switching between user-cultures. Lo-
calization focuses on one specific user-culture. The aim
of this design concept is the best fitting product for a
specific user-culture. In application areas like aerospace
industry and sometimes car industry, the third way of
intercultural design, global design (one for all) should be
required. But in areas of high individual user-orientation,
an international or local design is necessary. 
Another important aspect of culture-oriented design are
the cultural models. These models are descriptive arti-
facts, which enable the separation of cultures, with re-
gard to specific cultural dimensions.

2 Culture models 

2.1 Interpersonal culture models

To enable communication between individuals certain
rules have to be followed. Interpersonal communica-
tion is based on cultural and social influences, and has
developed over millennia into many regional communi-
cation forms. In the same way, the human-computer
(machine)-communication needs defined rules so that
the information displayed by the machine expresses
the current state of the process in an understandable
way.
Some well-known and established theories in the field
of cultural differences have been introduced by Hofst-
ede, Trompenaars and Hall (see Hoft, 1995). All models
organize human behavior into cultural dimensions. The
dimensions are called cultural factors and illustrate the
dichotomies of user behavior. The investigated human
behavior (human-human-interaction) of each study de-
cides the cultural factor.
All factors describe behavior of members of a specific
culture. The cultures are assignable between the poles
of each dichotomy, in dependence of the intensity of
shown behavior in this culture. 
The study of Hofstede is unique in its dimension. He
has evaluated 116.000 questionnaires of IBM-employ-
ees in 50 countries and more than 20 languages. The re-
sults of a factor-analysis for 32 presented statements
shows four dimensions: individuality, power distance,
gender, uncertainty avoidance and time orientation. Re-
sults of the evaluation readable in Hofstede (1997)
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“Culture and Organization.” Geert Hofstede: determin-
ing patterns that form culture’ mental programming.
Hofstede’s cultural factors: Individualism vs. Collectiv-
ism / Power Distance / Masculinity vs. Femininity / Un-
certainty Avoidance / Long-Term vs. Short-Term.

His study is used most frequently to interpret cultural
differences of interpersonal and personal-technical
communication.

2.2 Culture approach for user interface 

design

The application of Hofstede’s cultural dimensions to
user interfaces is not simple. At first a description of
user interface features is needed, as descriptive artifact
to separate between the features. These interface fac-
tors, called characteristic user interface factors, are
shown in table 1.

Table 1: Characteristic UI factors (Marcus 2001)

These five factors are the essential description features
for a user interface. The combination of Marcus charac-
teristic factors and Hofstede’s culture dimensions,
makes a new kind of cultural description for user inter-
faces possible (comp. Marcus 2001). The result of the
combination is called: cultural user interface factor.
These factors are the focus of the following chapter.

3 Application of culture factors for user 
interface design

3.1 Cultural user interface factors

Based on Hofstede’s cultural dimensions the following
cultural user interface factors are known: cultural UI fac-
tor ‘Power distance’, cultural UI factor ‘Individuality’,
cultural UI factor ‘Gender’, cultural UI factor ‘Uncertain-
ty avoidance’ and the cultural UI factor ‘Time orienta-
tion’. Exemplary the UI-factor ‘Individuality’ is shown in
table 2.

The cultural user interface factor is oriented on Hofst-
ede’s dimension with the two poles ‘individualism’ and
‘collectivism’. In an individualistic culture the individual-
ity of a person is the most important and promotable
skill. The society is promoting the definition of a person
as individual. In a collectivistic culture the status of a
person, based on its group membership, is very impor-
tant. The rule definition within a group is the basis for
the incorporation of a person into the society.

The most activities of culture-oriented design are to be
recorded in the area of web design. Therefore WebPag-

es as seen in figure 1 and 2 are shown as an example.
Both are from the company SIEMENS.

Table 2: Cultural UI-factor ‘Individuality’

Metaphor Basic concepts of words, pictures, 
Sounds, etc.

Mental model Organization of data, functions, tasks and 
rules

Navigation Movements trough the system, dialogs, 
buttons and the linking

Interaction Feedback, Input-/Output- technique

Presentation Visual, verbal, acoustic and tactile infor-
mation presentation

 Individualism  Collectivism

Metaphor • Action-oriented • Relationship-ori-
ented

Mental 
Model

• Task- and product-
oriented 

• Rule-oriented

Navigation • Rule-independent 
path

• Individualistic path
• Arbitrary choices

• Rule-dependent 
path

• Group-specific path
• Limited choices

Interaction • Multiple devices 
• Keyword search
• User-specific 

adaptability

• Official devices
• Restricted choices
• Role-specific adapt-

ability

Presentation • Figures of prod-
ucts and people 

• Low context-orien-
tation

• Figures of groups 
and organizations

• High context-orien-
tation

Countries France, Germany, USA, 
Italy, Israel, Finland

Costa Rica, Korea, 
Mexico, Malaysia, Bra-
zil, Japan

Figure 1: Individualistic Culture, USA
(URL: www.siemens.com, 02.10.2001)

Figure 2: Collectivistic Culture, Malaysia
(URL : www.siemens.com.my/, 02.10.2001)
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In figure 1 is an example for an individualistic culture:
task-oriented, Keyword-search, multiple choices for
navigation and action-oriented design. This page sup-
ports the individualized usage. 
Figure 2 shows the other way of design, an example for
a collectivistic culture like Malaysia. Here is a high con-
text-orientation, rule-orientation and are restricted
choices. This design offers the same way of usage for
each visitor of this page.
Both examples for USA and Malaysia show only some
features of the cultural user interface factor ‘Individuali-
ty’. There is a wide range of possibilities between the
poles ‘individualism’ and ‘collectivism’. Each culture fits
between these poles, but it also means that these cul-
tures are not 100 % ‘individualistic’ or ‘collectivistic’.
The assignment of a culture to one pole is only an orien-
tation for the designer. It does not replace the empirical
analysis of the specific culture-dependent user require-
ment in the focused market for the designer.

3.2 Practicability of cultural user interface 

factors

The cultural user interface factors are a good help to de-
scribe cultural differences for user interfaces. With that
an artifact for the description of cultural based differenc-
es in the area of user-interface is found. Therefore these
factors are a good element for description, explanation
and interpretation of cultural differences in user inter-
face design. But these factors are not containing a de-
sign guideline ‘how to design for a specific culture’. 
Developers of culture-oriented products need more in-
formation and better support. At the moment each ap-
proach of user-oriented design shows that ‘user re-
quirements’ are the key to successful and ergonomic
design. That is also valid for the culture-oriented design.
User requirement includes the analysis of user prefer-
ences for: specific tasks, products and cultures. Result-
ing from this, a culture-oriented design is not possible
without the empirical analysis of the user requirements
in each culture, and the product to be developed for the
respective market.
Culture models and factors are only an instrument for
interpretation of empiric results. It does not seem pos-

sible to create a model with a data bank of all culture
specifics for all tasks. With this in mind it is useful to de-
velop cultural models and factors to promote the under-
standing of cultural differences, but they will never be a
full substitute for empirical user analysis.
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