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PAPER Special Section on Knowledge, Information and Creativity Support System

Qualitative, Quantitative Evaluation of Ideas in Brain Writing
Groupware

Ujjwal NEUPANE†a), Nonmember, Motoki MIURA†, Tessai HAYAMA†, and Susumu KUNIFUJI†, Members

SUMMARY The problem with traditional Brain Writing (BW) is that
the users are restricted from viewing all sets of ideas at one time; and they
are also restricted from writing down more than three ideas at a time. In this
research we describe distributed experimental environment for BW which
was designed to obtain better results and can thus eliminate the problems of
traditional BW technique. The actual experimental system is an integration
of three BW modes with mutually different features and characters. We
conducted three different tests implementing this environment, and con-
firmed quality and quantity of ideas generated by three different groups. It
was confirmed that unrestricted inputs are effective in generating a large
quantity of ideas, whereas limiting the number of sharable/viewable ideas
shows better tendency in some aspects. However, qualitative evaluation re-
sults were not confirmed as different functions show variant results. The
evaluation of the functions that support viewing and sharing of ideas show
that synergy is not always an advantage in generating ideas. The results
of number of ideas in correlation with time show that 20 minutes time was
appropriate to conduct BW in distributed environment.
key words: divergent thinking, BW, distributed-idea generation support
system

1. Introduction

Whenever there is a genuinely important decision to be
made in an organization a group is assigned to make it. The
group communicates, shares information, generates ideas,
and organizes those generated ideas. Hence, the idea gener-
ation process is essential to the process of group decision-
making or creative problem solving. Therefore, the influ-
ence of divergent thinking processes is considered to be
one of the most important elements in idea generation or
GSS [1]. To date, a number of programs have been de-
veloped to automate the idea-generation process. Provided
that the group size is sufficiently large, if an idea needs to
be shared among a number of participants, then automated
idea generation meetings like BW can be more productive
and satisfying than traditional or verbal meetings [2]. The
BW process can be split into two categories: traditional and
automated. Due to human intervention, the traditional pro-
cess is not independent, whereas, in an online distributed
process an overbearing respondent does not have the same
power to influence. Compared to the traditional process of
BW, the automated process is usually considered to be more
versatile, as it is capable of accommodating many users and
serving many functions. The practical benefits of online dis-
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tributed BW are wide ranging. Some of the most important
gains are its abilities to cross the time and space barriers.
In face-to-face meetings some participants might be reluc-
tant to express his/her ideas within a group, but the online
distributed environment has the potential to defuse such ten-
sion, and allows groups to speak about sensitive issues in an
open and candid way without the fear of judgment or shy-
ness that characterize face-to-face groups [3]. Another, po-
tential advantage of automated meetings is that the partici-
pants gain benefits from simultaneous input/output. More-
over, the fundamental procedures of BW, in which partici-
pants input their ideas on pieces of paper and exchange ideas
with others, do not need oral communication, and hence it
is easy to implement in a distributed environment.

Considering all these merits, in this research, we in-
herit the traditional concepts of BW and apply them to de-
velop the distributed environment of a BW support system.
However, traditional BW based on paper, has restrictions on
input of ideas, and restrictions on viewing and sharing oth-
ers’ ideas. To eliminate the restrictions imposed by tradi-
tional BW procedures, and also provide a better system for
idea generation, we concentrated on three different modes
namely, [1s-3+i], [6s-3+i], and [1s-3i]. Although all three
modes are intended to support the BW process, the con-
trast between them will highlight their productivity and effi-
ciency.

“Hassotobi” and “Hasso-no-mori” were developed in
the past [4] and were used as BW support tools. Both
“Hassotobi” and “Hasso-no-mori” had functions like simul-
taneous input by participants from geographically remote
locations, and in both systems all inputs are visible and
sharable. “Hassotobi” is a combination of brainstorming
and BW, in which participants can input as many ideas as
they can without any restrictions. Though “Hasso-no-mori”
is more like a bulletin board system, neither of these two
systems is based on the concept of traditional BW, nor do
they conduct any analysis regarding the number of inputs
and number of ideas that can be shared, and its influence
upon quality of ideas. Almost all previous studies in this
realm determined performances on the basis of the number
of ideas generated. Very few have attempted to examine the
nature of generated ideas. For instance, a few have tried to
measure quality, but most researchers have abandoned this
path and followed “Bouchard’s” recommendation that qual-
ity correlates very highly with quantity [5]. Therefore, in
this research, we also endeavor to find the tradeoff between
quality and quantity generated by different groups using dif-
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ferent modes of our prototype system.
As all participants get equal opportunity to generate

new ideas and share one another’s ideas, synergy is likely
to increase. As participants are exposed to more ideas, they
have more sources from which they can draw inspiration in
triggering a new idea [6]. This approach also fulfills the de-
mand of participants to be able to view all comments in-
put by group members at any given time. However, when
participants were exposed to a large number of ideas, they
spent more time reading other ideas and not writing their
own ideas. In this paper, we also evaluate the effect of syn-
ergy in participants by judging the results of the ideas they
generated using different modes.

Different idea generation studies got different results
regarding the total time frame to generate ideas in groups.
Previous results have concluded that electronic brainstorm-
ing groups should be given at least 30 minutes to work [7].
However, still no work has been done to evaluate the time
constraints and mental pressure to generate a single idea.
Hence in this present work we endeavor to trace the time
taken by different participants to generate ideas.

2. Procedures and Problems of BW

BW, a creative technique aimed to address the potential defi-
ciencies of “Brainstorming,” was a term coined in Germany,
and it is said that “Holiger” invented the procedure of BW
in 1968 [8]. In BW, ideas generated by individuals are writ-
ten down on paper, and then exchanged and combined with
those of other individuals in the group. Written ideas are
circulated and read by every other participant in the group,
who in turn add newer ideas. In general six participants
in a group generate and write three ideas in five minutes.
After five minutes, in the second round, each participant
passes the paper to the person on their right, who adds three
more ideas [8]. This process continues until a fixed time
has passed, or until each participant gets their original pa-
per back. The process of BW and a BW sheet are presented
in Fig. 1. BW can be considered as an excellent technique
to generate ideas from groups, but BW also has a few re-
strictions: as participants are limited to write three ideas at a
time, the process prevents group members from unhindered
contributions of their ideas. The participants, who could
contribute more but had already written three ideas before

Fig. 1 BW process and BW sheet.

the allocated five minutes passed, have to wait for the next
“turn,” which may prevent them from contributing an idea
when they first think of it. Participants cannot see all ideas
generated by other participants. The ideas they can refer to
are the ideas written on the sheet in front of them.

3. Approaches and Detail of the System

The paper-based traditional BW process has restrictions on
input of ideas, and participants were also restricted from
viewing other ideas. To overcome the drawbacks and re-
strictions of the traditional BW process, in this section we
explain our objective and approaches we have adopted to
combat those traditional problems. The restrictions on input
of ideas and the restrictions on viewing other ideas can be
suppressed technically by designing the system more specif-
ically. Moreover, the characteristics of traditional BW make
it easier to tame it in a distributed environment.

Hence, in an effort to overcome the drawbacks of tra-
ditional BW, and to improve the efficiency and effectiveness
of the BW process, we have proposed and developed a pro-
totype system, which consists of three different modes ([1s-
3+i], [6s-3+i], and [1s-3i]) each with different functions and
characteristics as shown in Table 1.

As a whole, the prototype is based on a server-client
model using the Java-applet. The client functions to take
the ideas of the participants and display them to other par-
ticipants. When the applet sends the input ideas, the server,
first takes the log of the user, his/her idea, and the time it
was sent. Second, it transmits the ideas to the monitors of
the participants based on the characteristics of the modes.
The main window of the prototype is presented in Fig. 2.

Participants can login to the system by using IE or any
other web browser. After all participants have logged in,
the clock at the bottom right starts to run, and shows the
progress of time. Participants’ list will appear at the bot-
tom left of the monitor, and the list is made easy to read
with different colors. The system is not very complex and
is easy to use. The monitor scrolls automatically to fit the
different ideas generated, and the latest input idea glitters in
yellow color, hence participants do not have to bother with
scrolling to see the newly input ideas, and they can also trace
the newer ideas with ease. However, in every mode each
participant has to input at least three ideas to move on to

Table 1 Specification of modes in prototype system.

Numbers of ideas
that can be input
Classical Prototype

way system
(3 ideas) (3 + ideas)

Classical [1Sheet - [1Sheet -
Number of way 3ideas] 3 + ideas

sharable (1idea sheet) (1s-3i) ([1s-3+i])
and Prototype [6Sheets-

viewable system - 3 + ideas
ideas (Multiple ([6s-3+i])

sheets)
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Fig. 2 Ongoing process of BW in prototype system.

the next “Turn.” The details of the three different modes are
described below.
[1Sheet - 3+ideas] (1s-3+i)
In (1s-3+i) mode, in their “first turn” participants were re-
stricted from viewing other ideas. After all the participants
input at list three ideas (minimum), they can then proceed to
the “second turn,” where they can view one sheet of ideas.
Hereafter, in every new “turn,” according to login order, the
system automatically passes one new idea sheet to individu-
als in a round robin process. In the case of inputting ideas, in
every “turn” each participant is able to input as many ideas
as they can.
[6Sheet - 3+ideas] (6s-3+i)
In this mode, from the very beginning participants can view
all input ideas without any restrictions. The idea which
one participant inputs in at his/her keyboard is immediately
transmitted to the group as a whole. Participants can also
input ideas without any restrictions.
[1Sheet - 3ideas] (1s-3i)
This mode is completely based on the traditional concept of
BW, where participants were restricted from viewing oth-
ers’ ideas at the beginning. Moreover, each participant is re-
stricted from inputting more than three ideas in each “turn.”
If any participant finished inputting three ideas in a “turn,”
system automatically sent a message to his/her monitor to
wait until all participants had input the minimum number of
ideas. They have to wait for other participants to input their
three ideas, and when all participants have input three ideas,
then they can proceed to the next “turn.”

4. Method and Comparison Experiment

Almost all previous studies in the realm of idea generation
have used the quantity of ideas generated as the principle

means of comparison between treatments. But in this re-
search we study the quality of such ideas as well. Next,
we trace the time taken by different participants to generate
the minimum number of ideas, and evaluate the tradeoff be-
tween time and ideas. We also try to evaluate the effects on
participants when they are exposed and when they are not
exposed to a large number of ideas, and the effects on the
quality and quantity of ideas when they are allowed to input
a large number of ideas, and when they are restricted from
inputting many ideas.

Interpreting the quality of ideas is a tedious process.
Evaluation criteria and beliefs represent different dimen-
sions of the evaluation process, because everyone possesses
different perspectives and views. To evaluate the ideas
we have to analyze them with certain methodology or ap-
proach. Hence, based on the bibliography [9], the ideas were
analyzed qualitatively using the three following methods:
Fluent-flow of ideas, Flexibility of ideas, and Originality of
ideas. Details of the criteria of evaluation are described be-
low.
Fluent-Flow of ideas
This is the total number of input ideas. In this stage of anal-
ysis we eliminate all ideas which at this stage appear to be
useless and impossible. For instance, related to the topic
“Apart from avoiding rain, write down the other uses of an
umbrella,” if some one input “Jump from the helicopter and
use umbrella as a parachute,” practically this is an impos-
sible task, and technically that kind of idea is eliminated.
We also eliminated redundant and off-topic ideas. At last,
remaining ideas were counted as fluent ideas.
Flexibility of ideas
Broadness and range of ideas and perspective of participant
cognition were graded in this phase. To evaluate the flexibil-
ity of generated ideas, for every topic used in the comparison
experiment, an idea-rating table was drawn up as shown in
Table 3 and was divided into two columns: idea viewpoints
and idea number. Ideas generated by participants were then
observed carefully, and appropriate ideas were input in the
appropriate column of idea viewpoint and the number of that
particular idea was input in the column of the idea number.
The detailed method of the evaluation process is described
below by using Table 2 and Table 3 as examples. The topic
used as an example in Fluent-flow of ideas was also adopted
in this method as an example to describe the idea evaluation
process.

The ideas presented in Table 2 were observed carefully,
and we decided into which idea viewpoint of Table 3 they
should be placed. Therefore, we listed them as in Table 3,
and at last only the number of idea viewpoints was counted
as flexible ideas.
Originality of ideas
In this phase, we evaluate original and unique ideas. Ideas
that are not alike to each other are counted as original ideas.
The specific grading method of the originality of ideas, is
that the ideas that are not similar to any other ideas in the
idea table are sorted-out. Next, to ensure originality, al-
ready sorted ideas were rechecked and selected. At last,
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only the remaining ideas were assumed to be original and
unique ideas.

18 Masters students from JAIST were selected as par-
ticipants. Participants were then split randomly into three
groups of six individuals. All sets of three groups used
all three modes ([1s-3+i], [6s-3+i], and [1s-3i]). Each par-
ticipant sat in front of a personal computer in distributed
locations, and all the computers were connected together
through a local-area network. All of the computers run on
the same system. Table 4 shows the formation of the exper-
iment by group, system-modes and topics for BW. For all
experiments, the time frame was 20 minutes.

Three different topics for BW are selected, and they
are:

• Topic one: Apart from avoiding rain, write down any
other uses of an umbrella.
• Topic two: If all human beings had a third hand on our

back, write down the advantages of that hand.
• Topic three: What steps should the concerned author-

ities take to increase the number of foreign tourists in

Table 2 List of the ideas generated by participants.

Idea
Number Ideas generated by participants

1 Use it to draw a line on field
2 Use it to pull things from distance place
3 Use it to practice golf
4 Turn it upside-down and use it to store

different objects
5 Use it as a shovel to throw snow
6 Paint different pictures and hang on to the

wall for decoration
7 Use plastic to wrap different items
8 Use it in dance
9 Use it to perform different skills

10 Use it as a hanger

Table 3 Idea-rating table.

Idea Viewpoint Idea Number
Furniture

Tool 1, 2, 5, 9
Recycle

Accessories
Interior 6

Plaything 3, 8
Container 4

Implement materials 7, 10
Clothes

Table 4 Formation of groups, in accordance with experimental modes,
and topics.

Exp:Modes Group One Group Two Group Three

Mode [1s-3+i] [6s-3+i] [1s-3i]
Topic 1 1 1
Mode [6s-3+i] [1s-3i] [1s-3+i]
Topic 2 2 2
Mode [1s-3i] [1s-3+i] [6s-3+i]
Topic 3 3 3

Japan?

Before each experiment participants were told to as-
semble in one room. They were told about the system they
would use. They were not given any warm up sessions. Be-
fore leaving the room they were given a sheet with the topic
they were going to brain write on. A number of studies have
found that anonymity resulted in more inputs from partici-
pants. Researchers also found that the ideas produced were
of a higher quality when groups worked anonymously [10].
So in each test participants were told to login with Ids which
were unknown to other participants. After they finished their
first test, they were again asked to assemble in one room,
and were told about the next test, and the next mode they
were going to brain write on. The topic of the second test
was given before they left the room. In this order, three tests
were conducted with all three groups. After the test was
concluded, each participant was asked to answer a question-
naire. At last every participant was given a five-hundred-yen
phone card as a gift, and they were sent off.

5. Results

Groups generated totals of 346 ideas in 20 minutes using
mode [1s-3+i], 273 ideas using mode [6s-3+i], and 229
ideas using mode [1s-3i]. Group One generated the largest
number of ideas in the order of [1s-3i], [6s-3+i], and [1s-
3+i]. Group Two generated the largest number of ideas in
the order of [1s-3+i], [1s-3i], and [6s-3+i]. And, Group
Three generated the largest number of ideas in the order of
[6s-3+i], [1s-3+i], and [1s-3i] respectively.

According to this result, the order of modes, which
generated the largest number of ideas differs from group
to group. Moreover, if we compare the above result with
the formation of groups in Table 4, we can verify that ev-
ery group generated the largest number of ideas when they
used topic three, topic two and topic one respectively. From
this result, we can presume that the numbers of ideas were
dependent on the topics used by groups to generate ideas,
rather then the different modes of the prototype system.
With the above conclusion, we equate every idea in accor-
dance to the topic used to generate those ideas to standardize
the result. The results of the total number of ideas generated
by different groups using different modes and the value of
ideas after the standardization is presented in Table 5.

For instance, 65 ideas were created using mode [1s-
3+i] by Group One, thus the number can be standardized
as ratio (0.32 = 65/(65 + 87 + 49)) that includes the en-
tire number of ideas generated by Group One, Group Two

Table 5 Original number of ideas and the value of ideas after the stan-
dardization of the topics.

Modes Group 1 Group 2 Group 3

Idea Topic StadVal I T SV I T SV
[1s-3+i] 65 1 0.32 174 3 0.48 107 2 0.38
[6s-3+i] 72 2 0.28 87 1 0.43 114 3 0.31
[1s-3i] 78 3 0.21 102 2 0.38 49 1 0.24
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and Group Three using modes [1s-3+i], mode [6s-3+i], and
mode [1s-3i] respectively while using the same topic one.
After the standardization of the topics, the evaluation value
of the ideas shows that each group generated a large quantity
of ideas in the order of [1s-3+i], [6s-3+i], and [1s-3i]. The
qualitative results of the ideas generated by different groups
using different modes are given below.
Fluent-Flow of ideas
The total number of the Fluent-flow of ideas and the value
after the standardization of topics is presented in Table 6.
The standardized value shows that each group effectively
generated a large number of ideas in the order of [1s-3+i],
[1s-3i], and [6s-3+i] respectively. Hence, groups showed
that modes [1s-3+i], [1s-3i], and [6s-3+i] were effective in
that order in generating Fluent-flow of ideas.
Flexibility of ideas
The total number of flexible ideas, and the value after the
standardization of topics is presented in Table 7. To verify
the effective mode, when we compared groups and evalu-
ated the flexibility of ideas, the order of experimental modes
was not confirmed, because the order of effective mode was
different in each group.
Originality of ideas
The total number of original ideas, and the value after the
standardization of topics is presented in Table 8. When we
compared groups to evaluate the originality of ideas, the or-
der of effective experimental modes was not confirmed, as
the order of effective experiment modes of each group was
different.
Ideas in correlation with time
The total number of ideas generated by each participant us-
ing different experimental modes is presented in Table 9.

The largest contributor generated 45 ideas in 20 min-

Table 6 Total number of Fluent-flow of ideas, and the value of ideas
after the standardization of the topics.

Modes Group 1 Group 2 Group 3

Idea Topic StadVal I T SV I T SV
[1s-3+i] 20 1 0.29 56 3 0.48 29 2 0.34
[6s-3+i] 21 2 0.25 27 1 0.39 30 3 0.26
[1s-3i] 31 3 0.26 35 2 0.41 22 1 0.32

Table 7 Total number of flexible ideas, and the value of ideas after the
standardization of the topics.

Modes Group 1 Group 2 Group 3

Idea Topic StadVal I T SV I T SV
[1s-3+i] 8 1 0.20 43 3 0.55 11 2 0.28
[6s-3+i] 14 2 0.36 13 1 0.33 15 3 0.19
[1s-3i] 20 3 0.26 14 2 0.36 19 1 0.48

Table 8 Total number of original ideas, and the value of ideas after the
standardization of the topics.

Modes Group 1 Group 2 Group 3

Idea Topic StadVal I T SV I T SV
[1s-3+i] 10 1 0.26 21 3 0.41 12 2 0.34
[6s-3+i] 10 2 0.29 15 1 0.39 18 3 0.35
[1s-3i] 12 3 0.24 13 2 0.37 13 1 0.34

utes using [1s-3+i]. Whereas, 5 was the smallest number
of ideas, contributed in 20 minutes using the same [1s+3+i]
mode.

Group One generated 3.25 ideas in one minute using
mode [1s-3+i], 3.6 ideas using mode [6s-3+i], and 3.9 ideas
using mode [1s-3i]. Individually, they generated 0.54 ideas
in one minute using mode [1s-3+i], 0.6 ideas using mode
[6s-3+i], and 0.65 ideas using mode [1s-3i].

Group Two generated 8.7 ideas in one minute using
mode [1s-3+i], 4.35 ideas using mode [6s-3+i], and 5.1
ideas using mode [1s-3i]. Individually, they generated 1.45
ideas in one minute using mode [1s-3+i], 0.72 ideas using
mode [6s-3+i], and 0.85 ideas using mode [1s-3i].

Group Three generated 5.35 ideas in one minute us-
ing mode [1s-3+i], 5.7 ideas using mode [6s-3+i], and 2.49
ideas using mode [1s-3i]. Individually, they generated 0.89
ideas in one minute using mode, [1s-3+i], 0.95 ideas using
mode [6s-3+i], and 0.41 ideas using mode [1s-3i]. Differ-
ence in numbers of ideas generated in a particular interval of
time by the three different groups using [1s-3+i], [6s-3+i],
and [1s-3i] is presented in Figs. 3, 4, and 5.

As the total time allocated was 20 minutes, our result
shows that every group using each mode generates ideas
smoothly in every interval of 300 seconds, although the
number of ideas differs from group to group. Generally, in
each mode the number of generated ideas decreases as time
passes. However, in some Groups namely, One and Two us-
ing [6s-3+i] mode, and Group Three using modes [1s-3+i]
and [1s-3i], some irregularity in the numbers of ideas gener-

Table 9 Total number of ideas generated by participant.

[1s-3+i] [6s-3+i] [1s-3i]
P G1 G2 G3 G1 G2 G3 G1 G2 G3

1 6 31 20 9 15 18 13 18 9
2 12 40 13 12 12 16 13 18 8
3 12 21 21 13 15 19 12 15 8
4 18 45 16 11 15 21 12 18 8
5 12 19 24 17 15 27 14 17 8
6 5 18 13 10 15 13 14 16 8
T 65 174 107 72 87 114 78 102 49

P = Participants, G = Group, T = Total

Fig. 3 Ideas generated by groups in a particular interval of time using
[1s-3+i] mode.
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Fig. 4 Ideas generated by groups in a particular interval of time using
[6s-3+i] mode.

Fig. 5 Ideas generated by groups in a particular interval of time using
[1s-3i] mode.

ated occurs.
According to the questionnaire conducted after the ex-

periment, for 61.1 percent of participants, mode [6s-3+i]
was an ideal system to generate ideas. Only 22.2 percent
of participants thought mode [1s-3i] was an ideal system
to generate ideas, and for only 16.7 percent of participants
mode [1s-3+i] was an ideal system to generate ideas. For
66.7 percent of participants mode [6s-3+i] was easier to use
compared to the other two modes. Only for 16.7 percent
of participants were modes [1s-3+i] and [1s-3i] easy to use.
As for the topic, for 55.5 percent of participants topic one
was easier than topics two and three. For 27.8 percent of
participants topic three was easier, and for 16.7 percent of
participants topic two was easier than the other two topics.
Ironically, they generated fewer ideas when they used topic
one. As far as quality is concerned, 72.2 percent of partic-
ipants emphasized the quality of ideas, whereas only 27.2
percent of participants gave importance to the quantity of
ideas in idea generation process.

6. Discussion

In the quantitative evaluation of ideas, the result shows that
each group generated a large quantity of ideas in the order
of [1s-3+i], [6s-3+i], and [1s-3i] respectively. The feature

functions like unrestricted input of ideas in [1s-3+i], and
[6s-3+i] are considered effective in order to generate quan-
tity, rather than [1s-3i] which restrict inputs in each turn.

When ideas were evaluated qualitatively, in the Fluent-
flow of ideas, the tendency of effectiveness was seen in the
order of [1s-3+i], [1s-3i], and [6s-3+i], respectively. On
the other hand, in the qualitative evaluation of flexibility of
ideas, and in originality of ideas the dominance of a feature
function was not confirmed among the three experimental
modes, as different groups generated ideas in different or-
ders. However, from the result it was understood that new
functions inherited in [1s-3+i], and [6s-3+i] will not exert a
big influence on the quality of ideas, compared with [1s-3i],
that inherits the concept of traditional technique.

As far as the functions that support viewing and shar-
ing of ideas was concerned, it was observed that participants
spent more time reading other ideas and not inputting their
own ideas. As the environments to input ideas in [1s-3+i],
and [6s-3+1] are similar, the total number of ideas in [6s-
3+i] where participants can view all ideas, are less than in
[1s-3+i] where participant were restricted from viewing all
ideas. Moreover, for more than 60 percent of participants,
[6s-3+i] mode was an ideal platform to generate ideas, as
well as easy to use, but their performance decreased when
they used that particular mode. The results clearly show that
synergy is not always an advantage in generating ideas. At
times, it reduces the performances of participants, as they
will be absorbed only in reading other ideas and not in-
putting their own ideas. Moreover, if we view Table 9 then
we can see that effects of synergy vary from individual to in-
dividual. Participants who had generated fewer ideas in [1s-
3+i] and [1s-3i], but had generated a large number of ideas
in [6s-3+i], help us to state that, those participants gain help
from synergy and thus generate a large number of ideas. On
the other hand, participants who generated a large number
of ideas in [1s-3+i] and [1s-3i], but had contributed fewer
ideas in [6s-3+i], help us to state that they are affected by
synergy, and thus spend more time reading others’ ideas and
not inputting their own ideas.

Results show that the largest contributor generated 45
ideas in 20 minutes using [1s-3+i] mode. Whereas, the low-
est contributor generated only 5 ideas using that same [1s-
3+i] mode. This fact helps us to state that a support sys-
tem alone cannot make individuals generate large numbers
of ideas. The potentiality to generate ideas is highly depen-
dent on individuals.

The time-log we had taken at the time of the experi-
ment shows that average of all group generated 5.77 ideas in
one minute using mode [1s-3+i], 4.55 ideas using mode [6s-
3+i], and 3.83 ideas using mode [1s-3i]. Individually, they
generated, 0.96 ideas in one minute using mode [1s-3+i],
0.76 ideas using mode [6s-3+i], and 0.64 ideas using mode
[1s-3i]. Regardless of the mode, this clearly shows that indi-
viduals were unable to generate a single idea in one minute.
The finding helps us to state that using [1s-3+i] mode, par-
ticipants generated ideas faster then using any other modes.
The above correlation of ideas with time also supports the
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finding that when participants are exposed to a large num-
ber of ideas, they take more time to input their own ideas.
Moreover, the finding shows that the newly- implemented
functions are more time-effective than the mode that inher-
its traditional process functions.

For all groups, we allocated 20 minutes to undergo the
experimental test. Figures 3, 4, and 5 show that, although
the number of ideas generated decreases as time passes, each
group generally generated ideas throughout the allocated
time. Although the pattern was different in all intervals in
each mode, we can clearly see that the number has gradually
decreased after the interval of every 300 seconds. In Fig. 4,
where they used mode [6s-3+i], the number of ideas gradu-
ally increased in Group One and Two after 600 seconds and
then again decreased after 900 seconds. The reason behind
this phenomenon is still unclear, but it may be due to the
large number of ideas generated by participants, numbering
five in both groups.

As the numbers of ideas decreased rapidly in the last
interval of 300 seconds, and the participants were able to
generate only a few ideas, it is easy to estimate that the
allocated 20 minutes time was appropriate. Even a large
number of participants in their questionnaires state that 20
minutes time was appropriate for them to generate ideas in
distributed BW environment. From the results, we can con-
clude that for small groups (like six individuals in this ex-
periment) 20 minutes time was appropriate to conduct BW
in distributed environment.

7. Conclusions

The experimental system proposed in this paper is com-
posed of three modes ([1s-3+i], [6s-3+i], and [1s-3i]) with
all-different functions regarding the sharing and input of
ideas. We conducted an experimental test with three groups
of six participants each, and analyzed the quantity and qual-
ity of ideas. We also try to verify the effects of synergy, and
correlation between time and ideas.

From the obtained results, it was clearly observed that
the approach to make an unrestricted number of inputs was
more effective in generating a large number of ideas than
the traditional process, where participants had to take turns
to input new ideas. Therefore, while designing the BW sup-
port system for distributed environment, it is highly recom-
mended that the number of inputs should be made unre-
stricted, in order to generate overwhelming outcome. How-
ever, the qualitative ideas generated by groups using differ-
ent modes are in different orders. Thus, this makes it diffi-
cult to justify the effectiveness of the modes.

Results clearly show that synergy is not always an ad-
vantage to generate ideas in groups; at times it has negative
effects, as participants will be absorbed only to read other
ideas, and not input new ideas of their own.

Individuals took more time than we expected to gen-
erate ideas. On average they took more than one minute to
generate a single idea, once again making us realize how
difficult it was to be creative, or to generate simple and new

ideas. However, it was concluded that a 20-minute time was
appropriate to conduct BW in a distributed environment.

In future, more research and experiments should be un-
dertaken to clarify the actual numbers of ideas that should
be made available for viewing, so that participants will still
have time to generate new ideas. For the progress of BW
support systems, in future, we should not only concentrate
on the number of ideas, but we should take initiative to de-
sign an environment that supports participants to generate
better quality ideas. We should create an environment in a
way so that everybody can use it according to his/her needs,
and we hope it can play a key role in enhancing group cre-
ativity.
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