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1. Introduction
The Collaborative Researclt Center (CRC) 392 at Darmsradt Ltttiv,ersity of Technolog.-v develops
methods and instruments thal enable product cievelopers io assess the environmental impact of the
product they design. The research is particularly focused on a cornputer-based design environmcnt.
which is capable of a prospect ive and hol ist ic assessment [Anderl .  Weißmantel .  Daum. Rit ter & Wolf
19991. The Product Dev'elopntent Erwironntert  (PDE) consrsts of three components: ( l )  a 3D CAD
sys tem. (2) the  L i feC. t ' c leMode l le r (LC,V| )  and(3)anassessment too l  (LCAD-Lt f ,  C lc /eAssessmenl

fbr Compurer Aided Desigtt) lsee .figure 1). This paper describes the evaiuation of the PDE.

Figure 1. Components of the Product Development Environment (PDE)

The evaluation is based on a four-phase concept: In the first phase, potential users evaluated the
usability of the implemented, PDE prototype. In the second phase, after revision of the system, its
usability was tested again. This was done to get some empirical evidence about the success of the
revision process. In the third phase, the PDE will be compared with other ecological assessment tools
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and evaluated with respect to a set of subjective and objective crireria. Finally, in the last phase, the
PDE will be evaluated during and after rhe implemenrarion in a company.
Within the second phase. which is of central interest in the present paper. the usability of the PDE was
measured by a mix of gualimive and quantitative methods, conceming the following dependenr
variables: ( I ) well-being of users before and after working with the PDE, (2) the subjective assessmenr
of the system by users and (3) usabiliry problems noted by users after working wirh the PDE. The
results were compared with the results of phase one, which are documented in [Wiese & Rüttinger
?001]. Furthermore, the participants of the second evaluation phase were classified wirh regard ro rheir
knowledge and expertise in the field of product development and especially with reference ro the PDE.
After this. the different groups of participants were compared with respect to the dependent variables
(see above).

2. Method

2.l Participants
Founeen participants took pan in the studl'. Thel' were recruited from the staff of the CRC 392 anrl
were mainly engineers (one panicipanr '*'as a psychologist).

2.2 Procedure

The panicipants had to u,ork about ninery minutes with the PDE in the Design for Environment
l:boratory OfE-tab) of the CRC 392. Before and afterdoing this. thel 'had to f i l l  in questionnaires,
which are described in detai l  in the fol lou' ing secrions.

2.3 Design for Endronment Laboratory' @fE-Lab)
The srudy rvas carried out in the Dcsrgn for üu,ironnrcnt l-aborarort' tDJE-Inb) at Darntstadt
Lirüversit),of Technologr'. The DfE-l-ab is equipped u,ith several workstations u'ith the PDE installed
on them. A video obsen'rng svstem recorded the participants, u'orkins rvith the PDE. as well as the
video signals of the workstations. The audio and video signals u'ere converted into digital files,
raking it possibie to record the u'hole process u'hile simultaneousiy marking the video file with a time
and code scheme. This enables an ex-post evaluation of crirical siruarions.

2.4 Data collection methods: Quantitative Data
The subjecrive assessment of the PDE w'as done u'ith a slightll' modified version of the IsoMetricsl.
IsoMetncs is an instrument for the formative and summative evaiuatron of software according to the
international norms of the ISO 9241 Part l0 [Gediga, Hamborg & Duntsch 1999]. With respect to
these norms. the IsoMetrics includes the fol lorr ' ing subscales: suitabi l i t l ' for the rask. self-
descriptiveness, controllabiliti '. conformiry with user expecntions. error tolerance, suitability for
individualisation and suiubil i ty for leaming. The IsoMetrics is described as a "rel iable and valid tool.
supponing formative and summatir,e evaluation of software systems" [Gediga" Hamborg & Düntsch
1999, p. 162]. Two versions of the IsoMetrics were developecl: One for summative - IsoMetncss - and
one for formative evaluation - IsoMetncst Jcediga, Hamborg & Düntsch 19991. In the presenr srudy. a
slightly modified version of the IsoMetrics' was used. With this instrument. formative evaluation is
done in two steps: First, the sofrware is assessed with items according to the TSO 9241Part l0 ("rating
score"). In a second step. the importance of every item for the general impression of the evaluated
software is gathered ("u,eishting index"). The distance between rating score and rveighting index is
seen as a measurement for usabiiiry problems: High distances are interpreted as indications for
usabilrty problems whereas little riistances are seen as indications for good usability. The IsoMetricsl
is described in detail in [Willumeit. Gediga & Hamborg 1996].
The well-being of the test persons was tested with a shortened version of the Multidimensional Mood
Questionnaire of [Steyer. Schwenkmezger. Notz & Eid 1994]. With this psychometric instrument.
three mood dimensions can be assessed: "pleasant-unpleasant", "au'ake-sleepy" and "calm-restless".
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For these scales, reiiabilities between .85 and .97 are reported [Steyer, Schrvenkmezger, Notz & Eid
l9e4l .
Finally, the expertise of the test persons was measured by their self-reported knowledge about the PDE
and their self-reported experience in product deveiopment.

2.5 Data collection methods: Qualitative Data

Qualitative data were collected with a so-called Heuristic E,-aluation [Nielsen & Molich 1990]. The
Heuristic Evaluation requires putting down in writing subjecuve impressions on the object of
evaiuation, atter having rvorked with it. in the present study, the participants had to wnte down the
usabiiity problems they encountered during working with the PDE. To make this process easier, the
test panicipants got an evaluation sheet, which was strucnrred according to the single working steps,
thev had done before. As a resuit, people were able to assign their problems to these single steps. To
stimulate answers, they got a list of nine usability heuristics that should gave them an idea about what
feanrres a good computer based working environment should have.

3. Results

3.1 Quantitative Data

The results of the IsoMetricsl show tbr ail subscales clear differences between ratings and weighun-es,
with the ratings always lower than the wei-ehtings (see figure 2). With regard to the subscales
suitability for the task/"st", seif-descriptiveness/"sd", error tolerance/"et" and suitability for
learnrng/"si" this differences became sismticant (p < .05).
Five of the seven ratings are of middle size (suitabiiity for the task. controilabiiity/"ct", suitability for
leaming, error tolerance and conlormrtv with user e.\pectattons/"ce"), the others are a little weaker
(suitability for individualisation/"si" and seif-descriptiveness). Overaii, the results are very simriar to
the resuits of the t-irst evaluation phase. rvhrch are descnbed in lWiese & Rüttineer 2001-l.

-- l-weighting

-l- rating

Figure 2. Results of the IsoMetricsl: Whole sample

To analyse the IsoMetricsl-results with reference to the expertise of the participants, the expertise of
the participants was measured by their self-reported knowledge about the PDE. Along this criterion,
the sample was splitted in two subgroups of novices (n = 8) and experts (n = 6). In addition to their
s ign i f icanth igherknowledgeabout thePDE(F=40.18;df  = l ;p<.01) ,exper tshadalsos igni f icanr
more experience in product deveiopment (F = 4.9; df = 1; p < .05).
As tigure 3 shows, experts ratings could be found in all subscales lower than novices ratings. ln the
case of the subscale "suitability for individualisation" ("si") the difference became simificant
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(F = 5.08; df = l ;  p < .05). With respect
experts and novices are fairly similar.

to the individual weightings of the subscales, results of

*expert  weight ing

{-expert rating
-+- novice weighting

+novice rating

Figure 3. Results of the IsoN{etricsl: Differences bet$'een experts and novices

The u'ell-being of the participants \\'as after u'orking with the PDE significant lorver than before
(F =.4.61: df = 1: p = .05). This effect results from significant differences within the subscale

''pieasant-unpleasant" (F = 8.61, df = i: p < .05). Within the other two subscales, no significant
ditTerences occurred. The comparison betiveen experts and novices shows that only in the subgroup of
the experts. the u'ell-bei1s rÄ,äS significantiy, detracted from worl<rng with the PDE (F = 20.00: df = 1;
p < .01) u'hereas in the group of the novices such an effect could not be observed. The resuits ri ' ith
respect to the $'ell-being are illustrated in figure rl.

I before

E after

whole sample experts novtces

Figure 4. Well-being before and after working with the PDE

$/ith regard to the quality of the used scales, satisfying reliabiiities between .58 and .84 for the
isoMetrics'and .66 and .93 for the Multidimensional Mood Questionnaire could be obtained. Items
with a corrected item-total correlation < .30 were excluded from the analysis.
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3.2 Qualitative Data

In addition to the quantitative data, the qualitative answers serve to detect usability problems in a more
detailed and more concrete rvav. Especially those problems were of interest that persons wearin-s
"professional blinkers" do not encounter any more.
The fiiled in questionnaires have been analysed as foliows: ( I ) The questionnaires have been
transcribed as a basis for further information processing. (2) In order to understand the - often
colloquially expressed - cornments in a right way a semanticai interpretation foilowed. (3) For
structuring the information synonymous answers have been clustered. (4) Finally, the imporrance of
the reported problems has been classified. The steps (3) and (a) have been carried out in
interdisciplinary workshops involving psychologists as well as engineers. The main t'indings were
"mirrored back" to the developers of the PDE and are summed up in Figure 5 and in the tbllowine
lines.
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Figure 5.Identified problem fields

Al:ove ail, the data handling caused offence. lv{ost r;f the users reacted witfr irrcompreheirsion aS thc-r
were "forced" to roll product models and process pians in a database and tc, retrieve tircm agarn
awkwardly when srvitchrng benveen different PDE components. Nloleover. the three constiruents of
the PDE lacked an unitbrm appearance. A correcLive measure ',vill be the integration of the PDE
system in a so-called "Eco Design Workbench" rvitirin the next revision phase.
While modelling the product lite c,""cle with the LCM the participants had some problems with the
insertion of processes. The processes belonging to patterned t'eatures had to be inserted as ofien as
they appeared in the product model. The users remarked that the s)'stem could not automatically assign
processes to special fearures such as drillings. chamfers, etc. Finding the "right" process out of an
unstructured list of processes was judged to cause problems when the limited number of processes will
be raised in funrre. Apart from that. the total number of processes implemented in the sofnvare
prototype has been seen as still too small for the environmental assessment of complex industriai
products.
Users had problems to cope with the information supplied by LCAD. It nrrned out that the front-end of
thrs evaluation system rvas conceived by environmental experls that did not take the product
developers' need of infbrmation into account. The user felt overloaded with cletailed information about
impact categories while a simpie comparison between the cumulared environmental impact of twc.'
products in one window was not supported. Also tracing back the environmental impacts to the
processes, which cause them, rvas difficult and in some cases not possible. These findings have led to
a complete revision of the LCAD front-end that guides the user from aggregated values down to
detailed information.
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Concerning the user interface, most test persons missed feedback and help functions that have not
been implemented yet in the examined prototype.

4. Key Conclusions
All in all the study gives some worthy indications about the usability of the PDE. As the data show, a
further revision of the system has to be done. Within the first revision, the focus laid obviously too
much in technical improvements, whereas the usability of the system was not as much taken into
account, as it seems to be necessary'. This may be a typical fault of people, which are focussed in their
daily work more on the 'hard" technicai characteristics of technical svstems than on their more "soft"
aspects.
The application of a combination of quantitative and quaiitative methods in the present study can be
seen as very successful. As intended, the different types of data complement each other very weli:
Whereas the quanutauve data give a more general overvierv about the "status quo" of the system, the
qualitative resuits give a lot of individual and more concrete indications. which aspects of the system
should be improved and which not.
The dividing of the participants into subgroups of different expertise u'as also a successful step: The
data shou', that the expertise of a software evaluator is connected wirh his assessment of the softu,are
he is u'orking with. With respect to typical results in the field of expertise research, it seems to be
probabli' that the assessments of experts are more realistic than the assessments of novices [Anderson,
2000]. ln spite of this, we ar€ue that the inclusion of novices in the evaluation process can be helpful,
too. Novices ma)' bnng another point of view into account and ma1' for example recognize aspecrs,
which experts do not remark. because they may be posrulated from them. Furtherrnore, the inclusion
of novices makes sense if someone wants to estimate hou' difficuit and strenuous it is to work with a
special s),stem u'ithout basic knou'iedge about it.
The data about the weil-being can be interpreted as an indication for a slight frustration or anger
wittun the group of expens because the PDE may not met their requirements. ln sum the well-being of
the participants \\'a*s not affected verv strongly b1' working ri'ith the PDE, so working with the PDE
seems to be not too strenuous - nerther for exDerts nor for novices.
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