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Abstract.  This article presents a study that examines multiple
effects of using different means of computer-mediated commu-
nication and knowledge elicitation methods during a product
design process. The experimental task involved a typical
scenario in product design, in which a knowledge engineer
consults two experts to generate knowledge about a design
issue. Employing a 3x2 between-subjects design, three
conference types (face-to-face, computer, multimedia) and
two knowledge elicitation methods (structured interview,
network technique) were compared. One hundred and eight
participants took part in the study. They were assigned to 36
groups of three. Quantitative and qualitative performance data
were collected and the group processes with the IPA method
analysed. The results showed that the computer conference
group was generally more productive than the two other groups
during the conference. However, participants were unable to
maintain their higher performance levels in a later task where
the conference results had to be edited before being fed into an
expert system. As expected, the computer conference group
showed the lowest socio-emotional content during interaction.
The network technique was largely more productive than
structured interviewing, though it was more time-consuming.
Furthermore, the findings suggested that both the network
cechnique and computer conferencing achieved their higher
productivity in knowledge generation only at the cost of
information processing depths, resulting in poorer performance
for subsequent transfer activities. The results are discussed with
regard to organizational choice in managing conferences of this
kind.

1. Introduction

In the context of product design, teams have been
widely used to take advantage of the wider knowledge
base of groups compared to individuals, and the
complexity of the process renders this task virtually
unmanageable by a single person (Frankenberger 1997).

In order to manage the complex requirements of the
design process, a core design team is formed to direct the
various stages of the process. In addition to the core
team, experts are consulted concerning various aspects
of the design activities, as this allows the widening of the
knowledge base of the design team (Scott er al. 1991).
The experts usually come from very different profes-
sional backgrounds, such as marketing, materials
science, production processes, control or environmental
science. Although the experts are not part of the core
design team and are involved on a non-permanent basis.
they play a very important role in supporting the core
group (Ehrlenspiel 1995).

As designers have to consult experts who may work at
a distant location, the use of computer-mediated
communication (CMC) is not uncommon to save costs
and time of travelling. While there has been an
increasing proliferation of systems supporting CMC in
a wide range of areas (e.g. mailing, project management,
conferencing, diary management; for an overview see,
Johansen 1988), the effects of using CMC are very
context specific and require assessment of its multiple
effects on important variables, such as performance
parameters, participant satisfaction, socio-emotional
content (McCarthy and Monk 1994).

1.1 Computer-mediated communication

This article is concerned with holding team meetings
in a conference setting, which is an increasingly used
application for CMC instruments. While face-to-face
communication is still of high importance for confer-
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ences, with changes in work organization (e.g. telework,
outsourcing, globally operating organizations) others
forms of communication have shown to be viable
alternatives. There are several alternatives available to
face-to-face communication, such as video conferencing
and computer conferencing (Johansen 1988). They differ
with regard to the fidelity with which they simulate
aspects of face-to-face communication. For the purpose
of drawing a comparison between means of commu-
nication, they may be rated on three dimensions: media
richness (or communication bandwidth), geographical
scope and time delay in communication (Barua et al.
1997). This helps produce a utility profile for each
means of communication, which also takes into account
the overall circumstances and the task for which it is
being used. For example. face-to-face meetings enjoy a
high level of media richness but suffer from low
geographical scope (i.e. groups must not be spatially
distributed).

Communication media also differ with regard to the
underlying social context cues during communication
(Straus and McGrath 1994). While multimedia con-
ferences (e.g. with a PC-based video link) model much
of the bandwidth of communication channels used in
face-to-face communication (auditory and visual in-
formation of different kind, non- and para-verbal
cues), m the case of computer conferences this is
reduced to text-based information. However, reduced
bandwidth does not necessarily have to be a disadvan-
tage. As some people have argued, computer confer-
ences have a number of benefits. For example, the
participation rate is more equally balanced (i.e. the
discussion is not controlled by dominant group
members) than in face-to-face meetings (Sproull and
Kiesler 1986, Walther 1995, Straus 1996). It has been
found that a more balanced participation rate generally
makes better use of group resources (Riittinger er al.
1994). Furthermore, it has been argued that in
computer conferences, differences in status do not
affect communication patterns to the same degree as
during face-to-face communication (Sproull and Kies-
ler 1986). However, the findings are not unequivocal
since other research suggested that status did affect the
participation and influence of group members even
during computer conferencing (Weisband et al. 1995).

Multimedia as a more recent CMC tool uses several
media (e.g. video. audio, text, animation, graphics) that
are integrated in a single communication environment.
Due to its multiple mode features that produce a higher
level of media (or interaction) richness, it resembles in
some ways face-to-face communication, though the
quality and quantity of non-verbal cues is lower.
Furthermore, additional demands accrue because of
the multiple task nature of the multimedia environment,

which requires integration of different task elements.
Due to its more recent emergence, there has been little
research into multimedia applications, though one may
draw upon work examining video conferences as the
closest analogue (e.g. Finn et al. 1997).

CMC research has also pointed at differences in task-
orientation and relationship-orientation in communica-
tion patterns. In particular, computer conferencing has
been associated with higher task-orientation and lower
socio-emotional content (Riittinger er al. 1994). Work
by Rice and Love (1987) also confirmed the dominance
of task-orientation over socio-emotional content in
CMC, though they argue that socio-emotional messages
are much more prevalent than commonly assumed.
Furthermore, there is evidence for a time-based effect.
Socio-emotional orientation increases in CMC if the
group process evolves over a longer period of time,
leading to a diminishing difference between face-to-face
and computer conferencing (Walther and Burgoor
1992, Walther 1995).

1.2. Knowledge elicitation

While the effects of CMC have attracted consider-
able research interest, few studies have examined the
use of elicitation techniques in the context of product
design. There is a wide range of techniques available
for knowledge elicitation, such as structured inter-
views, simulations, sorting tasks and role play (see
Cordingley 1989). One may distinguish between
different types of knowledge elicitation techniques,
based on the source of the information or the degree
of formalization of the elicitation technique. A
classification system by Konradt (1992) distinguishes
between three types: inquiry techniques, observation,
and testing. Inquiry refers to direct person-centred
data acquisition methods, such as interviews, focus
groups and questionnaires. Observation is concerned
with techniques such as videotaping and verbal
protocols. The category testing refers to techniques
that use structured material that is to be administered
with standardized instructions. Examples of these are
repertory grids, network and charting techniques.
Each of the techniques naturally has its strengths
and weaknesses, which means its effectiveness is
largely dependent on the context in which it is
employed (see Bainbridge 1979, Cordingley 1989).

Network techniques (see Kirwan and Ainsworth
1992) support the organization and structuring of
knowledge, with less variation in performance as a
result of the abilities of the knowledge engineer. The
elicited knowledge is well structured, which considerably
facilitates subsequent data analysis (see method for a
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more detailed discussion). Interviewing, in contrast,
requires considerable time and effort during the process
of data analysis. It is a flexible method that is applicable
to a wide range of subject areas. Furthermore, it
requires less specialized training for the knowledge
engineer than network techniques.

1.3. The present study

So far CMC research has primarily focused on
‘process’ criteria (i.e. participation rate, interaction
patterns) while the use of performance indicators has
usually been limited to measuring conference duration.
Furthermore, the task scenarios used had generally little
in common with typical applications of CMC in the real
world.

Against this background, the article aims to present
empirical data about the effects of using different forms
of CMC in a realistic team-based task environment,
modelled on the product design process in extended
design teams. In this study, a range of performance
measures and process variables were employed to gain a
fuller picture of the multiple effects of using different
conference types. The multi-level analysis examined
various aspects of conference effectiveness as well as
group interaction processes (see McCarthy and Monk
1994). A person-centred and a method-centred knowl-
edge elicitation technique was chosen for the experi-
mental work to address the question of how the match
between conference type and knowledge elicitation can
be improved.

It was expected that computer conferencing would be
more productive than the other two conference types
because it is more task-focused due to its small
communication bandwidth (see also Riittinger er al.
1994). This should be advantageous for the task used in
this study, which does not require social context cues.
These would be needed for tasks with higher ambiva-
lence levels (Straus and McGrath 1994). The low media
richness of computer conferences should also be
reflected in a lower socio-emotional content of commu-
nication patterns (i.e. positive as well as negative ones),
which should be demonstrated by the TPA analysis
(Bales 1970). Due to its complex technical environment,
the multimedia conference was expected to show poorer
performance than the face-to-face conference. The
socio-emotional content was expected to be highest in
face-to-face conferences since it allowed the most
immediate form of communication. Finally, it was
predicted that a network technique would be the more
effective elicitation method since it provides a better
structure to the problem-solving activity (see Hacker
and Jilge 1993).

2. Method
2.1. Design

A 3x2 between-subjects design was employed. with
36 teams of three members each. With the unit of
analysis being the team, this meant that there were six
cases in each cell. The independent variable conference
type was varied at three levels: face-to-face conference
(FTF), computer conference (CC) and multimedia
conference (MM). The second independent variable
knowledge elicitation technique was varied at two levels:
structured interview (SI) versus HSLT (a network
technique which is described below).

2.1.1. Conference type: During FTF participants sat
around a table, allowing for direct communication.
During CC, participants were seated in separate rooms,
using Silicon Graphics Workstations (Indys) for com-
munication. Using different rooms was considered a
better simulation of this kind of conference than merely
separating participants by screens while being situated in
the same room, as it has been frequently done in
laboratory-based experiments. Being placed in separate
rooms, too, and using the same work stations,
participants in the MM condition communicated by
means of a conference system, called ‘Inperson’ (Silicon
Graphics). There were video pictures of the other
participants presented on screen while auditory infor-
mation was received by headphones. Furthermore, the
system provided an embedded whiteboard for reading
and writing messages.

2.1.2. Knowledge elicitation technique: The effective-
ness of two knowledge elicitation techniques were
compared as a function of the conference type
employed. While in practice interviewing has been very
widely used for the purpose of knowledge engineering
for design (Scott er al. 1991), attempts have been made
to use a more structured approach to knowledge
elicitation (see Hacker and lJilge 1993). A further
difficulty is that the success of SI is strongly dependent
on the preparation made by knowledge engineers prior
to data acquisition and on their ability to ask the ‘right’
questions. Thus designers have asked for an elicitation
technique that produces more structured material. For
this purpose, a network technique, called HSLT
(Heidelberger Struktur-Lege-Technik) was chosen, that
has been widely used in the German psychological
community (Scheele and Groben 1979). As HSLT is less
known in the English research literature, it is briefly
described below.

This method aims to create an explicit structure of
the knowledge that an expert has about a particular
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area. In the first phase, the principal concepts are
written on cards. In the second phase, the concepts are
related to each other by using a number of rules that
define the relationship between two concepts (e.g. ‘A is
a part of B’, *C is an example of D’, “‘E is a feature of
F’). The rules that are used during a session may be
selected on the basis of the kind of knowledge to be
elicited. HSLT aims to produce a hierarchical semantic
network as used in cognitive psychology for the
representation of human knowledge (e.g. Eysenck and
Keane 1995). These networks distinguish between
‘objects” and ‘relations’. Objects refer to animate and
Inanimate things (e.g. bear, hut, tree) while relations
refer to the link between objects and their character-
istics (e.g. subordinate, an example of, a feature of). As
one is more concerned with abstract terms, one will
refer to objects as ‘concepts’. An example of a network
structure created by HSLT is presented in figure 1. The
task in this example was to design an environmentally-
friendly PC. The structure shows a number of
components of a PC, which were supplemented by
features that participants considered to be relevant for
environmental friendliness of the PC.

J. Sauer et al.

2.2, Participants

A total of 108 participants took part in this study.
They were all male students of Darmstadt University of
Technology. Their ages ranged from 20-36 vyears
(mean: 24.0 years). All of them were reading technical
subjects at the university (electronic and mechanical
engineering, computer science, etc.). To fulfil selection
requirements, participants needed to have some knowl-
edge in the specific subject areas. This was verified by
using a basic selection procedure comprising an inter-
view and a short written test measuring knowledge of
ecological issues in computer design.

The test comprised six multiple-choice items (e.g.
‘Which one of the following components of a PC
consumes most energy?’). The results of the test were the
basis for assigning the participants the experimental role
of a novice or an expert. While in general a minimum
score of three was required for participants to be
considered an expert, a subjective assessment of the
candidate based on the interview session was also used
to decide what role they should play in the experiment.
However, if a prospective participant did very poorly on

PC
i Part
Monitor Feature Size, resolution, co!our depth,

refresh rate, recycling, energy

consumption, radiation level
Processor N Feature clock frequency,
. high processing speed
”,\
Hard disk Feature | SCSI, EIDE =
Working memory Feature Size in MB
Casing Feature R Kind of flame retardent
Mt used

Figure 1.

+ | PVC, heavy metal,

flame retardent

Noise level

Production
of poisonous gases

Example of a network structure created by HSLT: Relations are presented in boxes (e.g. is a feature of); concepts are

presented in italics (e.g. hard disk); arrows symbolize ‘to affect’; plus-sign symbolises ‘and’.
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the test (only 0— 1 items correctly answered), he was not
allowed to take part at all, as his knowledge base was
considered insufficient.

2.3. Dependent variables

The experimental sessions in the FTF and MM
conditions were videotaped. For the CC condition, the
on-screen information was logged into a results file at two-
minute intervals, representing the experimental protocol.

Four central performance variables were measured,
distinguishing between two quantitative and two quali-
tative performance measures.

‘Conference duration” was an indicator of the time
requirements of the knowledge elicitation process. The
productivity of the knowledge elicitation session was
measured by a ‘knowledge generation index’, which

wdicated the number of generated concepts per time

unit. Both variables were quantitative performance
measures. Their strengths is the objectivity with which
aspects of performance are evaluated but they are less
useful for the assessment of overall performance.

Therefore, two qualitative performance indicators were
taken as a supplement to gain a more complete picture.
First, a qualitative ‘evaluation of the conference outcome’
was carried out by two expert raters, using a scoring
system based on a 6-point scale. Second, the ‘data for
expert system input’ were also evaluated by the raters
employing the same scale. A more detailed description of
each performance measure is given in the results section.

Of no lesser importance was the collection of data
about the interaction process during the conference
since this may be indicative of communication efficiency
and group climate. This was achieved by using the
interaction process analysis (IPA) method, developed by
Bales (1970). which is one of the most widely-used
methods for analysing group processes. Based on a set
of 12 categories, the IPA method aims to collect a
number of indices about interaction patterns in groups.
It emphasises the process of communication rather than
the content of the message. For the purpose of this
study, it allowed us to test the hypotheses (see above)
with regard to the socio-emotional content of the three
conference types. The frequency distribution of mes-
sages across categories was examined, a central aspect of
the many analyses offered by the IPA method.

2.4. Training

Considerable training was necessary before taking
part in the experimental session. Training took place
over two sessions and lasted for up to 3.75 hours. The

different tasks of the group members required that
novices (i.e. knowledge engineers) and experts received
in part different training regimes, which are described
below. Of the total number of participants. 36 were
trained as knowledge engineers, and 72 as experts. An
overview of the training regimes may be found in table
1. The first part was identical for both groups, in which
they were familiarized with a purpose-built software,
called ‘PC Configuration’. Built for the purpose of the
overall research project, this is a computer-supported
information system, designed to provide decision sup-
port to individuals for purchasing computers. ‘PC
Configuration’ provides prices of hardware components
and their compatibility, which allows the decision-
maker to select a configuration that fulfils functional
requirements (e.g. job demands) and is cost-effective at
the same time. However, ‘PC Configuration’ does not
contain any information about the ecological properties
of hardware components. Once the participants were
familiar with ‘PC Configuration’, they moved on to
acquiring basic information about the subject area of
ecological aspects of ‘PC configuration’. The informa-
tion acquisition process differed however in length and
content between knowledge engineers and experts, as
shown in table 1. All participants received the same
training, independently of the communication medium
used (i.e. FTF were also trained on ‘PC configuration’).

Table 1. Structure of training and testing session.

Knowledge engineer Connen acivity Expert

" Familiarisation with software |
i
“PC configuration” {ca. 45 min) |

R ]
[’4 | Studying written intormation
i about configuration ot ccological
i I'Cs g 2tmin
Studving writien mformation
about cuntipuration of ecological
PCs (40 miny
Familiarisation with knowiedge ¥
clicitation technique (60 min)
Completion of task for cnhancing‘
knowledge in subject area (60
min)
N 3 -
Centerence (esting session)
‘ (60 - 83 min !
©

Outtine ot ecological criteria to

be included 1 decision support

system (ca. 40 miny
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2.4.1. Knowledge engineer: With training taking place
in groups of two, knowledge engineers acquired knowl-
edge of the subject area (i.e. configuration of ecological
PCs) by reading two articles from computer journals.
This was to reduce possible knowledge differences
between participants. Furthermore, it provided partici-
pants with a sufficient knowledge base that would enable
them to apply a knowledge elicitation technique
successfully. Following the basic training session, the
knowledge engineer was made familiar with his respec-
tive knowledge elicitation method.

For the structured interview technique, the task was
to develop the interview schedule. To gain some
familiarity with the technique, knowledge engineers
were asked to practise it in the context of football.
After some practice has been gained, knowledge
engineers in groups of two developed the interview
schedule for the testing session. For HSLT, the training
sessions were of a similar structure. After having been
given some information about the rationale of the
technique, knowledge engineers also practised HSLT in
the context of football.

2.4.2. Experts: With experts also being trained in
groups of two, they were asked to carry out a document
analysis of relevant material about ecological issues in
computer design. They were given 12 articles from
computer journals to enhance their knowledge of the
subject area. Altogether, 120 minutes were allocated for
this activity, that is, three times longer than the
knowledge engineers were given time to read.

In the following session, the experts were given the
opportunity to practice the knowledge elicitation
process with a knowledge engineer. During task
completion in the training sessions, all participants
already worked with the technical task environment to
be used in their experimental condition (i.e. CC or MM
system) to obtain a satisfactory degree of familiarity for
the experimental sessions.

2.5. Scenario

The experimental work was based on a typical
scenario in product design, in which the designer
consulted two experts about design issues in a con-
ference setting. The task was to produce a structure of
knowledge needed for environmentally-friendly compu-
ter configuration. The knowledge was then to be
arranged such that it could be fed into the database of
a knowledge-based expert system. No time limit was
given for this task, though participants were told to
work on the task for about an hour at least. This was an
important point because Walther (1992) argued that

some artefacts in CMC research emerged because of
experiments being cut off too early, which did not allow
for more relational communication patterns to occur in
the generally slower CMC.

When the conference finished, the experts had
completed their part of the experiment (see table 1).
The knowledge engineer was then asked to make
suggestions for the enhancement of a computer-
supported information system by including ecological
criteria in ‘PC configuration’. The knowledge engineer
was told that these recommendations were subsequently
to be implemented in the next version of ‘PC Config-
uration’, though this step was not part of their task.

3. Results
3.1. Group performance

3.1.1. Conference duration: The duration of the con-
ference was an indicator of the time requirements of the
knowledge elicitation process (see figure 2). The results
showed that multimedia conferences took longest to
complete (81.7 minutes), followed by computer confer-
ences (77.8 minutes) and face-to-face sessions (62.3 min-
utes). While this difference was statistically significant
(F=4.36; df=230; p<0.05), the more interesting
effect was the interaction between media and elicitation
method (F=5.24; df=2,30; p<0.05). As figure |1
shows, there was little difference between elicitation
method for FTF and CC but a strong increase in
duration for MM conferences using the HSLT method.
A main effect of the elicitation method was also
observed (F =8.18; df = 1,30; p<0.001), with HSLT

120 -
100 -

80 -

60 -

Duration {min)

40 -

20 -

FTF cc MM
Conference Type

Figure 2. Conference duration (minutes) as a function of
medium and elicitation method.



Knowledge acquisition in ecological product design 321

requiring more time than the interviews (82.0 versus
65.8 minutes).

3.1.2. Knowledge generation: While conference dura-
tion is an indicator of the time commitments required in
different conditions, it does not provide a productivity
measure of the session. Thus the number of concepts
were examined (e.g. low radiation, recyclability, ecolo-
gical label) that were elicited during the simulated
conference session. To control for conference duration
as a covariate, an efficacy index was calculated that
comprised the number of concepts generated per time
unit (minute). However, the analysis did not show any
significant  difference between elicitation methods
(F<1), though the HSLT produced somewhat more
concepts (0.30/minute) than the structured interviews
(0.23/minute). No other effects were found (all F<1).
The number of relations was then examined, defining
the relationship between concepts and their properties.
Again, an efficacy index was calculated. Here, a very
strong effect of elicitation method was found (F = 100.8;
df = 1,30; p<0.001), with HSLT being more than six
times as productive as the interviews for that measure
(see figure 3). A main effect of conference medium was
also observed (F = 8.98; df = 2,30; p<0.001). Computer
conferences were most productive, followed by FTF
conferences and MM. No significant interaction was
observed.

3.1.3. Qualitative evaluation of conference outcome: As
the analysis of quantitative performance indicators
cannot entirely capture the complexity of task perfor-
mance, a qualitative evaluation of the conference

Relations between concepts (No/min)

FTF cc MM
Conference Type
Figure 3. Efficacy index for generation of relations (no of

generated relations between concepts per minute) as a function
of medium and elicitation method.

outcome was also carried out. This was done by two
raters with an engineering background, with both
having considerable knowledge of ecological issues in
computer design. On the basis of written documents or
computer logs, the two judges assessed the quality of the
generated solutions (the judges were not informed about
the experimental condition each participant was as-
signed to). The inter-rater reliability coefficient calcu-
lated was satisfactory (Cohen’s Kappa = 0.76). For
performance assessment, the raters used a scoring
system based on German school grades, ranging from
1 (very good) to 6 (very poor).

The results of this analysis is presented in figure 4. It
shows a main effect of elicitation method, with HSLT
producing better results than the interviewing technique
tor all conference types (F = 8.25; df = 1,30; p<0.005).
The quality of the conference also varied as a function of
medium (F = 3.54; df = 2,30; p<0.05). Computer con-
ferences were considered to produce the best results
while the scores of MM and FTF conferences indicated
poorer outcomes (LSD-test: p<0.05). Furthermore, an
interaction was recorded, with MM conferences show-
ing a big difference in quality between HSLT and
interviews (F = 3.54; df = 2,30; p<0.05). The poorest
result by far occurred in the MM condition using
interviews while the same medium produced the best
score under HSLT.

3.1.4. Qualitative evaluation of processed data for expert
system:  The final task of the knowledge engineer was
to aggregate the information gained from the expert
discussion and to make suggestions for the enhancement
of the decision support system ‘PC Configuration” by

—6—HSLT
B Sl

Quality of conference outcome (1-6)

FTF cc MM
Conference Type
Figure 4. Score of qualitative evaluation of conference results

(1—6) as a function of medium and elicitation method (1 =very
good; 6=very poor).
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incorporating ecological issues. To examine perfor-
mance on this task, our two judges assessed the quality
of the recommendations for the decision support system,
using the same scoring system described above. Again,
the inter-rater reliability coefficient was judged satisfac-
tory (Cohen’s Kappa = 0.79).

As the results in figure 5 show, the pattern 1is
considerably different from the qualitative evaluation
of the conference. Again, FTF and MM conferences had
a fairly similar score while the CC condition deviated
from it but. this time, in a different direction. Knowl-
edge engineers using the CC medium had difficulties in
transforming the demonstrated good conference out-
come into data that were to be fed into the expert
system, in particular, when using structured interviews.
However, analysis of variance just failed to confirm the
statistical significance of this observation (F= 2.81;
df = 2,30; p>0.05). The results also showed a better
performance with the interviewing technique than with
HSLT for two of the conditions (FTF and MM).
Although this observation cannot be confirmed by a
statistically significant interaction (F <), the pattern is
in contrast to other performance indicators, of which
most showed better performance for HSLT. No main
effect of elicitation method occurred (F<1).

3.1.5. Performance stability index: The analysis sug-
gested a change of performance at the second assess-
ment (expert system input) compared to the first
assessment (conference outcome). This was examined
by calculating a difference index (scoreconfirence outcome —
SCOT€expert system input)- 1he analysis showed that the CC

Quality of expert system input (1-6)

FTF cc MM
Conference Type

Figure 5. Score of qualitative evaluation of data for expert
system (1-6) as a function of medium and elicitation method
(1=very good; 6=very poor).

group showed a clear loss of performance (—0.9) while
the MM group and the FTF group showed improve-
ments (+ 1.0 and + 1.1). This difference was statistically
significant (F = 8.13; df = 2.30; p<0.005). A significant
change was also found for knowledge elicitation method
(F=4.76;, df=1,30. p<0.05). Here the interviewing
method showed relative improvements over the two
points of measurement (+0.8) while little change was
observed for the HSLT (—0.1). No significant interac-
tion was recorded.

3.2, Interaction process analysis

As a complement to the range of performance
measures, the interaction processes that took place
during the conference sessions were also examined by
using the IPA method (Bales 1970). To reduce complex-
ity of data presentation, the [2 categories were
summarized into the four superordinate categories
provided by Bales: Positive (and mixed) actions,
negative (and mixed) actions, attempted answers and
questions. Frequency data from an IPA analysis are
often transformed into percentages to compare them
with Bales’ estimated norms. Before making such a
comparison, a two-way analysis of variance on the
frequency data was carried out. The total frequencies
were combined with conference duration to an index of
frequency per time unit (i.e. number of interactions per
minute).

Overall, conference discussions were dominated by
task-related interactions (i.e. answers and questions)
compared to socio-emotional interactions (i.e. positive
and negative actions). Furthermore, positive actions
were clearly more frequent than negative actions. As
figure 6(a—d) shows, most interactions fell into the
categories ‘attempted answers’ (7.7/minute) and ‘posi-
tive actions’ (3.3/minute). Considerably fewer record-
ings were made for ‘negative actions’ (0.7/minute) and
‘questions’ (0.6/minute). Furthermore, the data sug-
gested that FTF and MM conferences were remarkably
similar with regard to the interaction process while CC
differed considerably from the two.

Due to the reduced communication bandwidth in CC,
it was not surprising that overall frequencies of
interactions were lower for this condition than for the
two others. This was statistically significant for all four
categories (all p<0.001). No differences between MM
and FTF were found for any of the categories. Across all
categories, more interactions between conference parti-
cipants were observed in HSLT conditions than during
structured interviews, though these were only significant
for positive actions (F=4.88; df =129, p<0.05),
answers (F = 9.75; df = 1,29; p<0.005) and negative
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Figure 6. (a—d) Data of interaction process analysis as a function of medium and elicitation method.

actions (F = 4.30; df=1,29; p<0.05). Although no
significant interactions were observed between confer-
ence type and elicitation technique, visual inspection of
the data indicated that the difference between HSLT and
interviewing only emerged for MM and FTF but
virtually disappeared during CC.

In order to take account of the smaller communica-
tion bandwidth of CC, the frequencies were transformed
into percentages. This showed that CC had a much
lower socio-emotional content than the other conference
types. This applies to positive actions (12.2% versus
27.8%) as well negative actions (1.5% versus 6.0%).
Conversely, CC showed a higher score in both types of
task-related interactions, ‘answers’ (77.6% versus
61.4%) and ‘questions’ (8.7% versus 4.8%). A compar-

ison of the percentages of IPA categories with the
estimated norms of Bales (1970) showed that for CC
positive as well as negative actions were much less
frequent than the suggested norms while percentages for
the superordinate category ‘attempted answers’ were
higher than the norms. The figures of MM and FTF
were within the norm or much closer to the boundaries
of the range. Although Bales suggested that the norms
should not be applied too strictly, he also believed that
they would provide some form of evaluation of
intragroup interaction (Bales 1970).

While for most categories there was little difference
between FTF and MM, the MM group showed the
highest level for socio-emotional behaviour. This
observation is an exception to the overall pattern of
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Table 2.

Summary of experimental effects (FTF = Face-to-face; CC=Computer conference; MM = Multimedia; HSLT = Hei-

delberger Struktur-Lege-Technik).

Dependent variable Effect of medium

Effect of elicitation method Interaction

Conterence duration

Quantity of generated knowledge
Quantity of generated concept

relations others
Quality of knowledge generated CC more effective than two
others

Quality of data for expert system

Interaction process analysis Lower frequency of group

interactions for CC than for

two others; relative more
task-related interaction and
less socio-emotional content

FTF shorter than two others

CC more productive than two

HSLT required more time
than interviewing

Very long duration for MM
employing HSLT

HSLT more productive -

HSLT more effective MM shows poorest result for
interviewing and best for
HSLT

More frequent group -

interactions under HSLT

than for structured

mterviews

results, which consistently showed a strong similarity
between FTF and MM for interaction data as well as
performance indicators.

4. Discussion

The overall pattern of results suggested that there was
only little difference between FTF and MM, compared
to the CC condition. Not only does this apply to the
performance data, it is also consistent with the results of
the interaction process data. FTF and MM have in
common that both use two communication channels
(i.e. oral and visual) while CC is only based on written
information. It seems that similarity in communication
bandwidth is a more important factor than technical
similarity of the communication process (i.e. no direct
personal contact, computer-mediation), that is shared
by CC and MM. As the present study provided a
complex pattern of results, the most important findings
are summarised in table 2.

This experimental work suggested that for the task
selected, CC appeared to be the most appropriate
medium since it came out best in a number of measures.
As table 2 demonstrates, CC was most productive,
indicated by quantitative as well as qualitative perfor-
mance variables. This might be due to the high focus on
facts and the low negative socio-emotional content of
the discussions. The CC group predominantly gave
information while MM and FTF showed a higher
prevalence of giving opinions, as a more detailed IPA
analysis revealed. Furthermore, due to reduced commu-
nication speed caused by keyboard input, contributions
during the computer conference were rather short,
which may have contributed towards focusing on facts
rather than socio-emotional aspects of the discussion.

All these factors may have strongly contributed towards
good performance levels. Conversely, under MM and
FTF conditions, the interaction was more person-
oriented rather than being concerned with written
statements, which are deprived of most non-verbal and
para-verbal connotations.

A comparison of the TPA data with the estimated
norms of Bales (1970) indicated that the results for MM
and FTF corresponded to the norms (indicating typical
communication patterns) much more closely than the
data for CC. The lower socio-emotional content in CC
may be partly due to the reduced number of transmis-
sion channels (e.g. non-verbal and para-verbal cues
cannot be given). However, during CC where partici-
pants know each other well, socio-emotional aspects of
the discussion may gain in importance (Walther and
Burgoon 1992). Other work has also found between 20 —
30% of socio-emotional content out of total message
content in CC (Rice and Love 1987). This suggests that
outside the laboratory the difference between FTF and
CC is likely to be smaller than found in this study.

At first sight the results seemed to indicate consider-
able advantages of CC over the other media. However,
when examining performance measures at various stages
of task completion, a somewhat modified picture
emerged. It showed that the CC group did not manage
to maintain their performance advantage when the final
task (working out the design recommendations) was to
be completed. As the difference index indicated, the CC
group displayed a clear loss in performance. This raises
the question of why it was not possible for the
knowledge engineer to produce good design recommen-
dations based on the good conference outcome.
Whereas the computer conference outcome was based
on a team effort, the design recommendations were
based on the ability of the knowledge engineer to
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transform the conference outcome into recommenda-
tions. This required knowledge on his part to complete
this transformation. Based on the ‘levels-of-processing’
approach (Craik and Lockhart 1972, Craik 1973) and
dual-trace theory (Paivio 1975), we would argue that
multiple channel communication in FTF and MM may
have allowed the knowledge engineers a deeper encoding
of the information. This permitted them to close the
performance gap to their colleagues using CC. While CC
allowed the production and collection of more informa-
tion, this may have been achieved only at the expense of
a shallower processing of information.

MM was the most demanding condition since many
different activities had to be completed simultaneously
(reading text on screen, looking at graphics and video
pictures, talking into the microphone, manipulating the
keyboard) in quite an unfamiliar environment. This was
reflected in the long completion times for MM under the
HSLT condition, due to the combined demands of the
more complex knowledge elicitation method and the
most complex communication environment, In informal
post-experimental interviews, participants reported that
the effort required to integrate information provided by
the MM system was considerable, making them feel very
fatigued after the session. The multiple task environ-
ment might also have increased tension and arousal,
indicated by more frequent negative socio-emotional
behaviour found in the IPA analysis for MM sessions.
Altogether, this was indicative of the additional
demands imposed by the rather complex technical
environment. Increased time requirements for using
complex conference media is a typical finding in research
into the effects of CMC (see Reid et al. 1996). Since
negative effects of medium complexity will be reduced
with increasing practice, organizations are advised to
provide sufficient training and opportunities for practice
concerning the use of modern communication media to
achieve adequate performance standards.

The general pattern indicated that HSLT had some
advantages over interviewing. Although the use of
HSLT resulted in a longer conference duration, the
conference outcome was generally better. While there
was no difference between elicitation methods for the
number of elicited concepts, the number of relations
generated increased under HSLT. This suggested that
HSLT was better at structuring the information but it
did not generate more information. The distinction
between quantity of information and quality of its
structure resembles the typical difference found between
the knowledge structures of a novice and an expert.
While the latter encodes and structures the problem
domain in a more effective manner, the total amount of
knowledge may not be that different between the two
(Eysenck and Keane 1995).

The judges’ ratings of the conference outcome also
showed better performance for the HSLT group.
However, the advantage of HSLT disappeared when
the final recommendations were to be made for expert
system design. While interview-trained knowledge en-
gineers showed significant improvements in transferring
the good conference outcome into good design recom-
mendations, the HSLT-group merely maintained their
performance. This raises the important question of why
this difference between elicitation techniques emerged. It
seems that knowledge engineers using structured inter-
viewing were more actively involved in the knowledge
elicitation process because, in contrast to HSLT, inter-
views did not automatically give some structure to the
collected data. The more active involvement may have
resulted in a more elaborate encoding of the information
(see Craik and Tulving 1975), which allowed interview-
trained knowledge engineers to add significantly to the
conference outcome. There was some degree of similar-
ity between the result patterns for HSLT and CC. Both
conditions supported the generation of knowledge but
only at the cost of information processing depths,
resulting in poorer performance for subsequent transfer
activities.

Within the theoretical framework of Straus and
McGrath (1994), the task used in the present study
may be classified as an idea-generation task. In these
kind of tasks, little coordination is required and little
consensus needs to be reached. The theory suggests that
CC is a very good medium for the type of task used in
our experiment. However, as the results from our work
have shown, multiple task requirements (i.e. running a
productive conference session and deriving data for
expert systems from the conference results) may increase
the difficulty of selecting the best medium for a given
task. While strong task orientation may be advanta-
geous to solve certain problems, one needs to be aware
that task-oriented conferences do not only reduce
negative aspects of socio-emotional communication
patterns but also show an impoverished positive socio-
emotional interaction. This may be detrimental in
situations, where positive group feedback is needed.
For example, in the context of innovation management,
the socio-emotional support and cohesiveness was
judged to be an important factor for highly innovative
groups (West 1990). Social context cues are also needed
in situations where group members need to reach
consensus which is based on their values and attitudes
rather than on the identification of the ‘best” solution
(McGrath 1984, Straus and McGrath 1994). In product
design teams, these social context cues may be needed
during the process of ‘finding common ground’ (Stein-
heider et al. 1999), which is a critical activity to form a
team with very diverse members (e.g. differences in
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professional backgrounds, knowledge structures, ap-
proaches to problem-solving, language and attitude).

5. Implication

The main finding of this study has suggested that CC
and HSLT were most effective in generating knowledge
but this was only achieved at the cost of information
processing depths. leading to poorer performance
during a later transfer task. This and other findings
have demonstrated the need for a very task-specific
evaluation of communication media and knowledge
elicitation methods.

This study and other work have also indicated that
the effectiveness of communication media and elicitation
methods has been conditional upon other variables.
Organizations could use conference types more effica-
ciously by considering important contingency factors,
such as task characteristics, goals of meeting, and so
torth. In the context of product design, this suggests that
CC may be most effective in those design activities that
involve idea generation (e.g. during task clarification;
see Pahl and Beitz 1996). In contrast, when judgements
need to be made about which design proposal to adopt,
conference types that provide stronger social context
cues would be preferable. An example of this is the
conceptual design phase (see Pahl and Beitz 1996),
during which group members need to agree on a design
solution after having discussed the pros and cons of each
alternative.

Finally, with regard to the selection of the most
effective elicitation technique, one would argue that a
highly structured technique is more suitable if the
knowledge engineer has little knowledge of the area
and there 1s no benefit to enhancing it (e.g. novice only
works on the project temporarily). Conversely, if it is
critical that the knowledge base of the knowledge
engineer is enhanced as a result of the elicitation
process, structured interviewing appears to be more
appropriate.
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