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Abstract. [Context] Creativity is often needed in requirements elicitation, i.e.,
generating ideas for requirements, and therefore, techniques to enhance creativ-
ity are believed to be useful. [Objective] How does the size of a group using the
EPMcreate creativity enhancement technique or an optimization of it, POEPM-
create, affect the group’s and each member of the group’s effectiveness in generat-
ing requirement ideas? [Method] This paper describes an experiment in which in-
dividuals and two-person and four-person groups used POEPMcreate to generate
ideas for requirements for enhancing a high school’s public Web site. [Results]
The data of this experiment combined with the data of two previous experiments
involving two-person and four-person groups using EPMcreate and POEPMcre-
ate indicate that the size of a group using EPMcreate or POEPMcreate does affect
the number of raw and new requirement ideas generated by the group and by the
average member of the group. [Conclusions] A conclusion from the data is that
generally, the larger a group is, up to a particular group size that depends on the
creativity enhancement technique used, the more raw and new requirement ideas
it generates. After that particular group size, the larger a group is, the fewer raw
and new requirement ideas it generates. Another conclusion from the data is that
generally, the larger a group is, up to a particular group size that depends on the
creativity enhancement technique used, the more raw and new requirement ideas
the average group member generates. After that particular group size, the larger
a group is, the fewer raw and new requirement ideas he or she generates. These
conclusion are partially corroborated by qualitative data gathered from a survey
of professional business or requirements analysts about group sizes and creativity
enhancement techniques.

? See the section titled “Compliance with Ethical Standards”, just before the references, for a
statement about previous publication of parts of this paper’s contents.
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1 Introduction

Many have observed the importance of creativity in requirements engineering, particu-
larly for discovering and inventing requirements during elicitation of requirements for
computer-based systems (CBSs) [1–11], for those solving wicked problems, for those
in highly competitive contexts, for those addressing critical business challenges, and for
Web sites with requirements for high quality [12–16].

Creativity is difficult to define, because it plays a role in technical innovation, teach-
ing, business, the arts and sciences, and many other fields, and each field has its own
definition [17]. Creativity, in general, is the ability of an individual or a group to think of
new and useful ideas [18–20]. Many techniques, e.g., brainstorming [21], Six Thinking
Hats [22], and the Creative Pause Technique [23], have been developed to help people
be more creative. Some of these techniques have been applied to requirements engi-
neering [24, 7], and some have also been subjected to experimental validation of their
effectiveness [24–26]. A fuller discussion of creativity and of applying these techniques
to requirements elicitation can be found elsewhere [27, 28, 26].

This paper investigates the use of an optimized and the full EPMcreate (Elementary
Pragmatic Model Creative Requirements Engineering [A] TEchnique) [28, 15] creativ-
ity enhancement techniques (CET) to help in generating ideas for requirements for Web
sites. The optimization is called the Power-Only EPMcreate (POEPMcreate).

The feasibility of applying POEPMcreate and the full EPMcreate to help idea gen-
eration in requirements elicitation was established by earlier experiments [28, 15, 26].
The results of these experiments confirmed that:

1. EPMcreate helps generate more ideas and more new ideas for requirements than
does brainstorming.

2. POEPMcreate helps generate more ideas and more new ideas for requirements than
do EPMcreate and brainstorming.

The facts that POEPMcreate is more effective than EPMcreate in fostering requirement
idea generation and that POEPMcreate has fewer steps than EPMcreate allows us to use
POEPMcreate exclusively and to focus our research attention on POEPMcreate.

These experiments exposed a number of issues to be explored in the future. These
include the question that is taken as the research question of this paper:

In each of EPMcreate and POEPMcreate, how does the number of members
of an elicitation group affect the number of requirement ideas generated by the
group and by each member?

The purpose of the research leading to this paper is to answer this question by con-
ducting experiments in the context of eliciting requirements for a high school’s Web
site. In the rest of this paper, Section 2 describes the EPMcreate technique and the
POEPMcreate optimization. Section 3 describes the general experimental design, in-
cluding its hypotheses and its steps. Section 4 gives the particulars that distinguish
the three specific instantiations of the general experimental design. Section 5 gives the
data gathered from all three experiments. Section 6 discusses problems with the gath-
ered data, including whether it is legitmate to combine the data from the three experi-
ments into one analysis. Section 7 explains how multivariate regressions are used for the
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present analysis. Section 8 gives the results of the regressions, and determines whether
the hypotheses are supported. The need for transforming some of the data is discovered.
That transformation is done, and the support for the hypotheses is reconsidered. Section
9 discusses threats to the validity of the conclusions and how they are or can be miti-
gated. Section 10 speculates about optimal group sizes. Section 11 describes the results
of a survey conducted to obtain qualitative triangulation for the results and speculation.
Section 12 summarizes the related work, and Section 13 concludes the paper.

2 The Full and Optimized EPMcreate Techniques

The explanation of EPMcreate given here is abbreviated to what is necessary to under-
stand this paper. A fuller description of EPMcreate can be found elsewhere [28, 26].

2.1 Basic, Full EPMcreate

EPMcreate supports idea generation by focusing the search for ideas on only one logical
combination of two stakeholders’ viewpoints at a time. Sixteen such combinations are
possible, each corresponding to one of the Boolean functions, fi for 0 ≤ i ≤ 15, of two
variables. These functions are given in Table 1. In this table, “V n” means “Stakeholder

Table 1: Table of the 16 Combinations of Two Viewpoints

V 1 V 2 f0 f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 f14 f15

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

n’s Viewpoint” and “fi” means “boolean function i”. The bits in each column fi form
the binary encoding for i when they are read from top to bottom. These functions are
f0 = 0, f1 = V 1 ∧ V 2, f2 = V 1 ∧ ¬V 2, f3 = V 1, f4 = ¬V 1 ∧ V 2, f5 = V 2,
. . . , f8 = ¬V 1 ∧ ¬V 2, . . . , and f15 = 1. These sixteen functions are used to specify
how the viewpoints of stakeholders SH1 and SH2 are combined in the sixteen steps of
the EPMcreate procedure described in the next subsection. The interpretations of some
of these functions in terms of combining the viewpoints of stakeholders SH1 and SH2
are:

f0 = 0, represents the analyst’s looking for ideas that disagree with everything,
independently of both SH1’s viewpoint and SH2’s viewpoint, i.e., looking
for nothing.

f1 = SH1∧SH2, represents the analyst’s looking for ideas that agree with SH1’s
viewpoint and with SH2’s viewpoint.

f2 = SH1 ∧ ¬SH2, represents the analyst’s looking for ideas that agree with
SH1’s viewpoint but disagree with SH2’s viewpoint.
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f3 = SH1, represents the analyst’s looking for ideas that agree with SH1’s view-
point completely, independently of SH2’s viewpoint.

f4 = ¬SH1 ∧ SH2, represents the analyst’s looking for ideas that agree with
SH2’s viewpoint but disagree with SH1’s viewpoint.

f5 = SH2, represents the analyst’s looking for ideas that agree with SH2’s view-
point completely, independently of SH1’s viewpoint.

f8 = ¬SH1∧¬SH2, represents the analyst’s looking for ideas that disagree with
SH1’s viewpoint and with SH2’s viewpoint.

f10 = ¬SH2, represents the analyst’s looking for ideas that disagree with SH2’s
viewpoint completely, independently of SH1’s viewpoint.

f15 = 1, represents the analyst’s looking for ideas that agree with everything,
independently of both SH1’s viewpoint and SH2’s viewpoint.

If there are more than two types of stakeholders, the technique can be applied several

times, for each relevant pair of stakeholder types, up to
(

n
2

)
times for n stakeholders.

See Section 2.4 for an alternative, direct, way to deal with three types of stakeholders.

2.2 EPMcreate in Practice

EPMcreate can be applied whenever ideas need to be generated, e.g., at any time that
one might apply a CET, such as brainstorming. EPMcreate is by no means the only
technique for identifying requirements; it is but one of many that can be used. When a
lead requirements analyst (leader) adopts EPMcreate as the CET for eliciting require-
ments for a CBS under consideration, she first chooses two kinds of stakeholders, SH1
and SH2, usually users of the CBS with different roles, as those whose viewpoints will
be used to drive the application of EPMcreate. She may ask the CBS’s analysts for as-
sistance in this choice. She then convenes a group of these analysts. Figure 1 contains a

Stakeholder 1 Shared Viewpoints Stakeholder 2

Other Viewpoints

Fig. 1: Venn Diagram of Two Stakeholders’ Viewpoints

diagram that the leader will show the analysts as part of her explanation of EPMcreate.
In this diagram, the two ellipses represent two different stakeholders’ viewpoints. Thus,
for example, the intersection region represents the stakeholders’ shared viewpoints.

While showing the diagram of Figure 1, the leader tells all convened analysts,



Group Sizes for EPMcreate and POEPMcreate 5

Today, we are going to generate requirement ideas for the CBS S in 16 idea
generation steps. In all the steps, you will be pretending to think from the view-
points of two particular stakeholders of S, SH1 and SH2.

– In Step 0, you will blank out your minds (f0 = 0).
– In Step 1, you will try to come up with ideas for problem solutions that are

needed by both SH1 and SH2 (f1 = V 1 ∧ V 2).
– In Step 2, you will try to come up with ideas for problem solutions that are

needed by SH1 but not by SH2 (f2 = V 1 ∧ ¬V 2).
– In Step 3, you will try to come up with ideas for problem solutions that

are needed by SH1 without concern as to whether they are needed by SH2
(f3 = V 1).

– In Step 4, you will try to come up with ideas for problem solutions that are
needed by SH2 but not by SH1 (f4 = ¬V 1 ∧ V 2).

– In Step 5, you will try to come up with ideas for problem solutions that
are needed by SH2 without concern as to whether they are needed by SH1
(f5 = V 2).
...

– In Step 8, you will try to come up with ideas for problem solutions that are
needed neither by SH1 nor by SH2, but are needed by other stakeholders
(f8 = ¬V 1 ∧ ¬V 2).
...

– In Step 10, you will try to come up with ideas for problem solutions that
are not needed by SH2 without concern as to whether they are needed by
SH1.
...

– In Step 15, you will try to come up with ideas for problem solutions without
concern as to whether they are needed by either SH1 or SH2 (f15 = 1).

Note that each Step i is based on the Boolean function fi.
In the event that the leader believes that more than two stakeholders’ viewpoints

should be considered, she will convene more EPMcreate sessions, one for each pair of
stakeholder viewpoints she believes to be useful. Her experience tells her how to iden-
tify subsets of stakeholders and stakeholder pairings that will yield the most new ideas
for the fewest pairs. For example, marketing suggests taking into account users’ profiles
for creating market segments. Each such profile usually has different requirements.

The choice of the stakeholders is straightforward for some types of systems, e.g.,
for e-learning platform, the clear stakeholders are the student and the teacher. In other
cases, the choice could be strategic, e.g. for a tourism destination Web site, the chosen
viewpoints could correspond to targeted market segments. On the other hand, when the
requirements for a stakeholder are already known or are irrelevant, e.g., for an e-learn-
ing platform, if the requirements for the owning university are already known, it is not
necessary to chose this stakeholder for any session of EPMcreate. See Section 2.4 for
an alternative, direct, way to deal with three types of stakeholders.
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Fig. 2: The Four Steps of the Optimization and the Four Regions of the Venn Diagram

2.3 Power Only EPMcreate

The optimization of EPMcreate under study in this paper is called “Power-Only EPM-
create (POEPMcreate)”, because it does only the four steps, described above, whose
names include the powers of two, namely Step 1, Step 2, Step 4, and Step 8.

This optimization, which does only four of the sixteen original steps, was theorized,
and later demonstrated [26], to be more effective than the full EPMcreate, because as
illustrated by Figure 2, the Boolean function of each of the power-of-two steps corre-
sponds to exactly one of the four regions of Figure 1. Thus, the four power-of-two steps
are sufficient to cover the entire space of potential ideas, and the other twelve steps just
repeat the coverage. In other words, these four regions are the four atoms of the 16-el-
ement free Boolean algebra that is generated from the two stakeholder viewpoints [29,
30].

2.4 POEPMcreate for Three Stakeholders

An EPMcreate for three types of stakeholders would require 256 steps3, which are more
than the 48 steps that are required for doing EPMcreate three4 times to cover the logical
combinations of viewpoints of all possible pairings of two out of three stakeholders.
However, as observed by Ingrid Giel in personal communication, a POEPMcreate for
three stakeholders would require only eight5 steps, namely those corresponding to the
powers of two that are less than 256, just as the two-stakeholder POEPMcreate requires
only four steps, namely those corresponding to the powers of two that are less than
16. Moreover, these eight steps are fewer than the 12 steps required to do the 4-step

3 223
= 256 is the number of Boolean functions of three variables [30].

4

(
3
2

)
= 3

5 The Venn diagram of three fully overlapping ellipses has eight regions.
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POEPMcreate three times for all three pairings of three stakeholders’ viewpoints. In
addition, probably considering three viewpoints at one time will expose ideas that con-
sidering all possible pairings of three viewpoints will not find. The effectiveness of this
method will have to be tested empirically.

3 Experimental Design

As mentioned, the feasibility of applying the full EPMcreate as a CET was established
by experiments conducted by us with Anesi [28, 26]. The effectiveness of POEPMcreate
as a CET and as an improvement over EPMcreate was established by two identically
designed experiments, Experiments 1 and 2, conducted by us [26].

This paper describes

1. a new experiment, Experiment 3, which follows the design used in Experiments 1
and 2, and

2. a meta-analysis of the combined data of Experiments 1, 2, and 3

to answer the research question mentioned in Section 1, which is to determine whether
the number of members of an elicitation group, using EPMcreate or POEPMcreate as
a CET, affects the number of requirement ideas generated by the group and by each
member.

This section describes the experimental design that was used in all three experi-
ments, independent of any particular experiment. The next section describes the details
that are particular to specific experiments. Note that all decisions about the experimental
design were made during the conduct of Experiment 1, based on what had been learned
in previous experiments [28]. To allow combining the data of Experiments 1, 2, and 3,
it was necessary to maintain these decisions in the conduct of Experiments 2 and 3.

3.1 Research Question and Hypotheses

The research question to be answered by this paper is:

In each of EPMcreate and POEPMcreate, how does the number of members
of an elicitation group affect the number of requirement ideas generated by the
group and by each member?

We could not predict with confidence any answer to the question. It did seem rea-
sonable that the number of requirement ideas per group would be smaller with fewer
members, but we really had no idea how the number of ideas per member would be af-
fected by the number of members in a group. On one hand, it might be that with fewer
members in a group, each member would have more time to generate more ideas; it
might even be in this case, that the number of additional ideas per member is enough
that the number of ideas per group is as large or even larger than with more members.
On the other hand, it might be that with more members in a group, the group’s manage-
ment overhead goes up and reduces the number of ideas generated by each member of
the group. Back on the first hand, it might be that fewer members in a group reduces
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the synergistic effect that members are supposed to have on others’ generation of ideas
[21, 31]. Unpredictable is the effect of a group’s avoidance of duplicate ideas on both
the number of ideas per group and the number of ideas per member. Mich, Alzetta, and
Berry [32] report support for a hypothesis that EPMcreate can be used effectively by
individuals, as well as groups, to help generate requirement ideas. While an individual
appears to generate fewer ideas in a time span than a group of four, there were not
enough data to correlate group size with the number of ideas generated.

Therefore, we thought it is best to test only null hypotheses that address the research
question:

H1 In each of EPMcreate and POEPMcreate, the number of members of an elicitation
group has no effect on the quantity and quality of the requirement ideas generated
by the group.

H2 In each of EPMcreate and POEPMcreate, the number of members of an elicitation
group has no effect on the quantity and quality of the requirement ideas generated
on average by each member of the group.

3.2 Context of Experiments

All groups participated in the experiments for the same amount of time. Each group
was to generate, using its CET, EPMcreate or POEPMcreate, ideas for requirements
for an improved version of one existing Web site, that of a Canadian high school with
information directed to students, parents, teachers, and administrators [33]. This site
was chosen for its cost-free, password-free availability, lack of intellectual property
restrictions, and the fact that as educators, the authors could be considered domain
experts. We decided that the two types of stakeholders whose viewpoints would be
adopted by the groups were students and parents.

3.3 Measuring the Effectiveness of a CET

The effectiveness of an individual or a group using a CET is normally measured by two
numbers about the requirement ideas generated by the individual or group when using
the CET,

1. the quantity of the generated requirement ideas, i.e., the raw number of requirement
ideas generated, and

2. the quality of the generated requirement ideas, i.e, the number of high quality re-
quirement ideas generated.

Counting raw requirement ideas is straightforward. The subjects wrote each idea on
one line in Microsoft Word. About 90% of these ideas are in the form of one complete
sentence or a bullet item phrase describing a feature. Of the remaining 10% of these
ideas, about 95% are at most two sentences. In other words, almost all the requirement
ideas written down express what is called an atomic requirement [34].

Measuring the quality of a requirement idea is not so straightforward, as this mea-
sure depends on the definition of creativity being used. The main problem is that there
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is no universally agreed-upon definition of creativity. All definitions agree that a cre-
ative idea is a new or novel idea [7, 35, 25, 11, 36]. Beyond newness, there is no uni-
versal agreement. Many definitions stress also usefulness [25, 11]. Other characteristics
that have been mentioned include applicability, effectiveness, implementability, non-
obviousness, originality, relevance, realizability, specificity, thoroughness, usefulness,
workability, [28, 35].

To be safe, we decided to stick to the newness common denominator and to use
only newness of a requirement idea as the measure of the requirement idea’s quality.
We are not the first to do so. For example, in an empirical evaluation of a method to in-
vent creative requirement ideas, Zachos and Maiden used only novelty, as measured by
dissimilarity to existing features, as the measure of a requirement idea’s quality [37].
Moreover, when we were doing Experiments 1 and 2, we did classify ideas for both
newness and realizability. However, we noticed that the strongest correlation between
the two experts’ classifications was in the newness classification. So, we ended up us-
ing only newness as the measure of an idea’s quality for Experiments 1 and 2 [26].
Combining the results of multiple experiments requires following this decision in all
experiments.

To evaluate the newness of the requirement ideas in any experiment, each of two
domain experts, namely the first and third authors of this paper, independently classified
each idea as to whether or not it is new. In order to reduce the chances that the authors’
desired results might affect the newness evaluation, we merged the requirement ideas
generated by all the groups into one file. We then sorted the ideas alphabetically to
produce the list of ideas to be evaluated, making it impossible for any evaluator to see
which group or individual, with its known CET, generated any idea being evaluated.
After each evaluator had assigned a newness to each idea, the assignments were copied
to the original idea files, in order to be able to evaluate the newness of the requirement
ideas of each group or individual separately.

3.4 Refining Hypotheses into Subhypotheses

The two hypotheses H1 and H2 may be refined into eight different subhypotheses, each
one about the CET applied by a group, taking the numbers of raw and new requirement
ideas produced either by the whole group or on average by a member of the group6.
The eight subhypotheses are, therefore:

H1:
6 The general form of a subhypothesis is:

“The number of members of an elicitation group using

{
E : EPMcreate
P : POEPMcreate

}
has no effect on

the

{
T : total number of requirement ideas per group
A : average number of requirement ideas per group member

}
of

{
R : raw
N : new

}
requirement ideas generated.” The name of any subhypothesis is “H” followed by concatenation
of the labels designating the choices made to construct the subhypothesis. Each label is the first
letter of the phrase that it labels.
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HETR: The number of members of an elicitation group using EPMcreate has no
effect on the total number of requirement ideas per group of raw require-
ment ideas generated.

HETN: The number of members of an elicitation group using EPMcreate has no
effect on the total number of requirement ideas per group of new require-
ment ideas generated.

HPTR: The number of members of an elicitation group using POEPMcreate has
no effect on the total number of requirement ideas per group of raw re-
quirement ideas generated.

HPTN: The number of members of an elicitation group using POEPMcreate has
no effect on the total number of requirement ideas per group of new re-
quirement ideas generated.

H2:
HEAR: The number of members of an elicitation group using EPMcreate has no

effect on the average number of requirement ideas per group member of
raw requirement ideas generated.

HEAN: The number of members of an elicitation group using EPMcreate has no
effect on the average number of requirement ideas per group member of
new requirement ideas generated.

HPAR: The number of members of an elicitation group using POEPMcreate has
no effect on the average number of requirement ideas per group member
of raw requirement ideas generated.

HPAN: The number of members of an elicitation group using POEPMcreate has
no effect on the average number of requirement ideas per group member
of new requirement ideas generated.

3.5 Steps of An Experiment

To simplify the rest of the paper, an individual working alone to generate requirement
ideas using a CET is called “a one-person group”.

Each experiment consisted of four steps. Steps 1 and 2 were done in one 50-minute
meeting for each subject, and Steps 3 and 4 were done in several multi-group sessions
with four-person, two-person, and one-person groups in attendance. The steps and their
approximate times were:

Step 1: 20 minutes for each subject to read and sign an informed-consent form and to
fill out a general information form that allowed us to know his or her background:
The form included questions about his or her age, gender, native language, com-
puter science (CS) courses, qualifications related to CS, employment history in CS,
and knowledge of the CETs: brainstorming, EPMcreate, and POEPMcreate,

Step 2: 30 minutes for each subject to take an adult version of Frank Williams’s Cre-
ativity Assessment Packet [38], hereinafter called the Williams test to measure the
subject’s individual7 creativity.

7 The phrase “individual creativity” is a technical term from the creativity assessment field that
means natural, unassisted, original creativity of the individual and not just individual as op-
posed to group creativity [39].
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Step 3: 10 minutes for us to deliver to all groups an explanation about the experiment
and the CET, EPMcreate or POEPMcreate, that they were to use. The explanation
of EPMcreate was basically the second paragraph of Section 2.2 of this paper, and
the explanation of POEPMcreate was basically the same paragraph, but using only
Function Steps 1, 2, 4, and 8. Note that all the groups in any session used the same
CET so that one explanation sufficed.

Step 4: 120 minutes for each group to carry out its requirements elicitation session
using the assigned CET, EPMcreate or POEPMcreate. Each group was provided
with two computers: one with which to access the Web site that the group was to
improve, and the other with which to write the requirement ideas generated by the
group. The typical one-person group used only one of the computers to which it
had access.

The materials for conducting the experiment are available for downloading [40].

3.6 Recruiting and Assigning Subjects into Balanced Groups

For each experiment, we recruited subjects from upper-division undergraduate and from
graduate students in the various software engineering programs at the University of Wa-
terloo. In the recruiting advertisement, delivered verbally, electronically, or by poster,
we offered each subject an honorarium of $20.00 (Canadian). Nevertheless, despite all
of the advertising and recruiting we did, it was extremely difficult to convince people to
be subjects, and we had to find ways to maximize the value of each subject that we did
find.

The Williams test was administered to each subject to measure his or her individ-
ual creativity. The subjects’ test scores were originally to be used to ensure that any
observed differences in the numbers of requirement ideas were not due to differences
in the individual creativity of the subjects. Instead, in order to avoid having to inter-
pret specific scores during analysis, we used the subjects’ Williams test scores to form
groups that were a priori as balanced as possible by their members’ computer science
knowledge, work experience, and individual creativity scores.

To make it even possible to form groups, we ignored gender and age in creating
the groups because it would have been very difficult to balance these factors while
balancing the other factors. In any case, we did not believe that these factors are relevant,
and even if they are, they are probably less relevant than the ones we did consider. As
expected, none of the subjects had heard about any form of EPMcreate, even though all
had heard about brainstorming.

4 Experiment-Specific Details

This section describes those details about the design and conduct of the experiments
that are different in each experiment.

4.1 Focus of Experiment 3

Experiments 1 and 2 had addressed other research questions about EPMcreate and
POEPMcreate using data from four two-person and two four-person groups for each
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CET. We had no data points for individuals’ uses of these CETs in these experiments.
For sure, Experiment 3 had to focus on individuals’ use of these CETs. Experiment 2
had established the superiority of POEPMcreate over EPMcreate. So, we decided to
focus the experimentation on POEPMcreate. To conserve the precious resource of vol-
unteer subjects and to get the maximum bang from each subject buck, we decided to
have all groups in Experiment 3 use POEPMcreate.

4.2 Conduct and Demographics of Experiments 1 and 2

Experiment 1 was conducted in 4 sessions during the third week of November 2009.
Experiment 2 was conducted in 6 sessions during the second week of March 2010.

The demographic properties of the groups in Experiments 1 and 2, obtained from
the data gathered during Steps 1 and 2 of those experiments, are shown in Tables 2 and
3 (reproduced from the paper about Experiments 1 and 2 [26]). The average Williams
test scores for the six groups in Experiment 1 were in the range from 70.25 to 71.6 out
of a possible 100. The average Williams test scores for the 8 groups in Experiment 2
were in the range from 59.5 to 82; in particular, the average of the average Williams test
score for the four groups that used EPMcreate technique was 74 while the average of
the average Williams test score for the four groups that used POEPMcreate technique
was 72.875. There was no way to form groups with closer average Williams test scores
without being unbalanced in other factors.

4.3 Conduct and Demographics of Experiment 3

Experiment 3 was conducted in two rounds. Its first round was conducted in one Step
4 session on 9 June 2010, and its second round was conducted in several sessions in
October 20128. In the first round of Experiment 3, only 15 students replied, and of
these, 13 ended up being subjects in the experiment. These 13 subjects were distributed
into four two-person groups, G1–G4, and five one-person groups, G5–G9, as shown
in the first nine lines of Table 4. For the second round of Experiment 3, 18 students
replied, and of these, 16 ended up being subjects in the experiment. These 16 subjects
were distributed into four four-person groups, G10–G13, as shown in the last four lines
of Table 4.

Table 4 shows also the demographic data gleaned from Steps 1 and 2. As in Exper-
iments 1 and 2, we used these data about each subject from Steps 1 and 2 in order to
create homogeneous groups with nearly equivalent spreads of CS knowledge, English
fluency, work experience, and individual creativity. Table 4 shows also that despite that
the average Williams test scores for the thirteen groups in the experiment were in a
wide range from 60.5 to 86.5 out of a possible 100, the average Williams test scores
for the 4 two-person groups was 75.375, the average of the Williams test score for the
five one-person groups was 75.4, and the average of the Williams test score for the four
four-person groups was 75.75. Thus, the groups were well balanced with respect to their
average Williams test scores.

8 We had to wait at least a year and then until the Fall term between rounds to get a large enough
crop of new potential subjects, a.k.a. new students, who had never participated in any of our
experiments.
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Table 2: Characteristics of Groups of Experiment 1 and Their Subjects [26]

G Technique # # # # not # # # # not Aver- Aver-
r Males Fe- native native taken taken worked worked age age
o males in in ≥ 10 3–5 profes- profes- age Wil-
u Eng- Eng- CS CS sion- sion- liams
p lish lish courses courses ally ally test

score

1 POEPMcreate 3 1 1 3 2 2 2 2 25.5 70.66
2 POEPMcreate 2 2 2 2 2 2 3 1 23.8 71.00
3 EPMcreate 2 2 2 2 1 3 3 1 21.5 70.75
4 EPMcreate 3 1 1 3 2 2 1 3 23.4 70.60
5 Brainstorming 4 0 3 1 1 3 1 3 20.2 71.60
6 Brainstorming 2 2 2 2 3 1 3 1 25 70.25

Table 3: Characteristics of Groups of Experiment 2 and Their Subjects [26]

G Technique # # # # not # # # # not Aver- Aver-
r Males Fe- native native taken taken worked worked age age
o males in in ≥ 10 3–5 profes- profes- age Wil-
u Eng- Eng- CS CS sion- sion- liams
p lish lish courses courses ally ally test

score

A EPMcreate 1 1 0 2 2 0 2 0 26 82
B EPMcreate 0 2 1 1 0 2 0 2 25 72.5
C EPMcreate 1 1 0 2 0 2 0 2 24 59.5
D EPMcreate 1 1 0 2 1 1 2 0 24 82
E POEPMcreate 1 1 0 2 0 2 2 0 30.5 75.5
F POEPMcreate 2 0 0 2 0 2 0 2 25 80.5
G POEPMcreate 0 2 0 2 1 1 1 1 24 72.5
H POEPMcreate 2 0 0 2 2 0 2 0 26 63
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Table 4: Characteristics of Groups of Experiment 3 and Their Subjects

G # of # # # # not # # # # not Aver- Aver-
r sub- Males Fe- native native taken taken worked worked age age
o jects males in in ≥ 10 3–5 profes- profes- age Wil-
u per Eng- Eng- CS CS sion- sion- liams
p group lish lish courses courses ally ally test

score

G1 2 2 0 1 1 2 0 2 0 27.5 60.5
G2 2 1 1 1 1 2 0 2 0 26.5 76.5
G3 2 2 0 1 1 2 0 1 1 32.5 78
G4 2 2 0 1 1 2 0 2 0 26.5 86.5
G5 1 0 1 0 1 1 0 1 0 41 68
G6 1 1 0 0 1 1 0 1 0 25 72
G7 1 1 0 0 1 1 0 1 0 33 73
G8 1 0 1 0 1 1 0 0 1 21 79
G9 1 1 0 1 0 1 0 1 0 26 85

G10 4 4 0 2 2 2 2 2 2 22.5 73
G11 4 4 0 2 2 2 1 2 2 17.25 76.75
G12 4 4 0 1 3 3 1 2 1 22.5 75.5
G13 4 3 1 1 3 4 0 4 0 25.75 77.75

5 Data Obtained from the Three Experiments

Table 5 shows all the data collected from the three experiments. Each row whose first
column does not say “Avg” is about one of every group that participated in one of the
three experiments. The structure of the table is explained columnwise and then rowwise.

The first three columns give a group’s characteristics:

1. its experiment,
2. its assigned CET, and
3. the number of members in it.

The next four columns, under the collective header “Original”, give the data gathered
and calculated from the experiment. (The next four columns, under the collective header
“Scaled”, are data whose need is explained in Section 8.2 and which are to be ignored
for now.) Under (each of) “Original” (and “Scaled”), each of the four columns gives
data that figure in deciding support for the subhypothesis for which the last two letters
of its name, i.e., “TR”, “AR”, “TN”, and “AN”, matches the header of the column.
Under the two-letter header of a column is a description of the data displayed in the
column.

Rowwise, between each pair of triple rules is a section of the table consisting of rows
about one CET, EPMcreate or POEPMcreate. In each section, separated by double rules
are subsections, each about one size of group doing the CET of the containing section.
At the head of each data column in each CET’s subsection is the two-letter name of
the entire data column prepended with an “E” or “P”, for EPMcreate or POEPMcreate
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Table 5: Generated and Scaled, Raw and New, Requirement Ideas, Per Group and Per Member,
in Three Experiments

Original Scaled
TR AR TN AN TR AR TN AN

# Raw Average # New Average # Raw Average # New Average
Ideas # Raw Ideas # New Ideas # Raw Ideas # New

Gener- Ideas Gener- Ideas Gener- Ideas Gener- Ideas
Exp Assigned Group ated by per ated by per ated by per ated by per

# CET Size Group Member Group Member Group Member Group Member

ETR EAR ETN EAN ETR EAR ETN EAN
1 EPMcreate 4 63 15.75 62 15.5 34.02 8.505 33.48 8.37
1 EPMcreate 4 60 15 56 14 32.4 8.1 30.24 7.56

Avg EPMcreate 4 61.5 15.38 59 14.75 33.21 8.3025 31.86 7.965

2 EPMcreate 2 30 15 24 12 39.9 19.95 31.92 15.96
2 EPMcreate 2 35 17.5 26.5 13.25 46.55 23.28 35.25 17.62
2 EPMcreate 2 36 18 30 15 47.88 23.94 39.9 19.95
2 EPMcreate 2 40 20 21 10.5 53.2 26.6 27.93 13.97

Avg EPMcreate 2 35.25 17.63 25.38 12.69 46.8825 23.4425 33.75 16.875

PTR PAR PTN PAN PTR PAR PTN PAN
1 POEPMcreate 4 74 18.5 70.5 17.625 39.96 9.99 38.07 9.5175
1 POEPMcreate 4 76 19 70.5 17.625 41.04 10.26 38.07 9.5175
3 POEPMcreate 4 40 10 36.5 9.125 40 10 36.5 9.125
3 POEPMcreate 4 40 10 35.5 8.875 40 10 35.5 8.875
3 POEPMcreate 4 44 11 36 9 44 11 36 9
3 POEPMcreate 4 38 9.5 28 7 38 9.5 28 7

Avg POEPMcreate 4 52 13 46.17 11.54 40.5 10.125 35.3567 8.8392

2 POEPMcreate 2 40 20 32.5 16.25 53.2 26.6 43.23 21.613
2 POEPMcreate 2 42 21 32 16 55.86 27.93 42.56 21.28
2 POEPMcreate 2 45 22.5 36 18 59.85 29.93 47.88 23.94
2 POEPMcreate 2 63 31.5 51.5 25.75 83.79 41.9 68.5 34.248
3 POEPMcreate 2 66 33 46 23 66 33 46 23
3 POEPMcreate 2 30 15 20.5 10.25 30 15 20.5 10.25
3 POEPMcreate 2 90 45 68.5 34.25 90 45 68.5 34.25
3 POEPMcreate 2 67 33.5 57.5 28.75 67 33.5 57.5 28.75

Avg POEPMcreate 2 55.38 27.69 43.06 21.53 63.2125 31.6075 49.3338 20.7914

3 POEPMcreate 1 27 27 19.5 19.5 27 27 19.5 19.5
3 POEPMcreate 1 30 30 29 29 30 30 29 29
3 POEPMcreate 1 18 18 18 18 18 18 18 18
3 POEPMcreate 1 18 18 17 17 18 18 17 17
3 POEPMcreate 1 27 27 15.5 15.5 27 27 15.5 15.5

Avg POEPMcreate 1 24 24 19.8 19.8 24 24 19.8 19.8
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CET, respectively, to serve as the header for the data column in the CET’s subsection.
We use this three-letter column header as the name of the dependent variable whose
values appear under the header. With this naming convention, the name of the depen-
dent variable that is relevant to a subhypothesis appears as the last three letters of the
subhypothesis’s name, e.g., the values of the dependent variable PTR are relevant to the
HPTR subhypothesis.

At the end of a subsection, about one size of group doing the CET of the containing
section, comes a row whose first column says “Avg”, that gives data-column-by-data-
column, the average of the subsection’s data for the column.

Figures 3 and 4 plot the “Original” data of Table 5, but not correspondingly. Specif-
ically, Figure 3 shows a graph plotting the numbers of raw and new requirement ideas
generated for both CETs by entire groups in all three experiments while Figure 4 shows
a graph plotting the numbers of raw and new requirement ideas generated on average
for both CETs by each member of groups, again from all three experiments. In each of
these graphs, there is a thick vertical line between two pairs of bars. The bars to the left
of the vertical line are about POEPMcreate, and the bars to the right are about EPM-
create. From these graphs, it is already apparent that in some ways, a two-person group
outperforms a four-person group.

The next section considers problems about the gathered data that make their analysis
difficult.

6 Data Problems

This section discusses problems with three aspects about the conduct of the experi-
ments, threats to construct validity of the conclusions, which are mitigated by the intro-
duction of additional independent variables.

6.1 Validity of Combining Data from Experiments 1, 2, and 3

Experiment 3’s design and conduct were essentially identical to those of Experiments
1 and 2 [26]. Each group in Experiments 1 and 2 and in both rounds of Experiment
3 participated in a Step 4 (viz. Section 3.5) session for the same amount of time so
that the resources for all groups in the experiment would be the same. Each such group
generated requirement ideas for the same Web site. Of course, the real-life Web site
had undergone content but not structural changes during the interludes between runs
of the experiments. We believe that the structure of the site, i.e., the types of the data
present, e.g., the school calendar, and their relationships with each other, should have
an effect on idea generation while the contents, e.g., the time and dates of specific
events and students and teachers involved, should have no effect on idea generation.
The sole differences between experiments were in the number of subjects, the number
of groups, and the number of subjects per group. Since each of these differing numbers
is an independent variable of the hypotheses, we expect that we are able to use the data
of all three experiments to address and test the two null hypotheses H1 and H2.

Of course, it will be necessary to test whether the expectations are borne out. We do
that testing by letting the experiment number be an independent variable and seeing if it



Group Sizes for EPMcreate and POEPMcreate 17

7
6

7
4

4
4

4
0

4
0

3
8

9
0

6
7

6
6

6
3

4
5

4
2

4
0

3
0

3
0

2
7

2
7

1
8

1
8

6
3

6
0

4
0

3
6

3
5

3
0

7
0

.5
7

0
.5

3
6

3
6

.5
3

5
.5

2
8

6
8

.5

5
7

.5

4
6

5
1

.5

3
6

3
2

3
2

.5

2
0

.5

2
9

1
9

.5
1

5
.5

1
7

1
8

6
2

5
6

2
1

3
0

2
6

.5
2

4

0

1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0

0

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

4-Group (EPMCreate)

4-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

N
u

m
b

e
r 

o
f 

R
a

w
 R

e
q

u
ir

e
m

e
n

t 
Id

e
a

s 
G

e
n

e
ra

te
d

 b
y

 E
n

ti
re

 G
ro

u
p

N
u

m
b

e
r 

o
f 

R
a

w
 R

e
q

u
ir

e
m

e
n

t 
Id

e
a

s 
G

e
n

e
ra

te
d

 b
y

 E
n

ti
re

 G
ro

u
p

 t
h

a
t 

th
e

 A
v
e

ra
g

e
 E

x
p

e
rt

 C
la

ss
if

ie
d

 a
s 

N
e

w

Fi
g.

3:
N

um
be

rs
of

R
aw

an
d

N
ew

R
eq

ui
re

m
en

ts
Id

ea
s

G
en

er
at

ed
by

E
nt

ir
e

G
ro

up
s



18 Victoria Sakhnini, Luisa Mich, and Daniel M. Berry

1
9

1
8

.5

1
1

1
0

1
0

9
.5

4
5

3
3

.5
3

3
3

1
.5

2
2

.5
2

1
2

0

1
5

3
0

2
7

2
7

1
8

1
8

1
5

.7
5

1
5

2
0

1
8

1
7

.5

1
5

1
7

.6
2

5
1

7
.6

2
5

9
9

.1
2

5
8

.8
7

5
7

3
4

.2
5

2
8

.7
5

2
3

2
5

.7
5

1
8

1
6

1
6

.2
5

1
0

.2
5

2
9

1
9

.5
1

5
.5

1
7

1
8

1
5

.5
1

4
1

0
.5

1
5

1
3

.2
5

1
2

0 5

1
0

1
5

2
0

2
5

3
0

3
5

4
0

4
5

5
0

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

4-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

2-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

1-Group (POEPMCreate)

4-Group (EPMCreate)

4-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

2-Group (EPMCreate)

N
u

m
b

e
r o

f R
a

w
 R

e
q

u
ire

m
e

n
t Id

e
a

s G
e

n
e

ra
te

d
 b

y
 E

a
ch

 M
e

m
b

e
r o

f G
ro

u
p

N
u

m
b

e
r o

f R
a

w
 R

e
q

u
ire

m
e

n
t Id

e
a

s G
e

n
e

ra
te

d
 b

y
 E

a
ch

 M
e

m
b

e
r o

f G
ro

u
p

 th
a

t th
e

 A
v

e
ra

g
e

 E
xp

e
rt C

la
ssifie

d
 a

s N
e

w

Fig.4:N
um

bers
ofR

aw
and

N
ew

R
equirem

ents
Ideas

G
enerated

by
E

ach
M

em
berofG

roups



Group Sizes for EPMcreate and POEPMcreate 19

has a significant effect on the dependent variables. This independent variable is nominal
and has values E1, E2, and E3, denoting Experiments 1, 2, and 3, respectively.

6.2 Did Balancing the Creativity Scores of the Groups Work?

Differences in the subjects’ individual creativity could affect the results. In an effort
to avoid this effect, within each experiment, we distributed the available subjects into
groups with approximately the same average Williams test scores. That is, in each ex-
periment, we balanced the groups by their average Williams test scores. It will be nec-
essary to test whether this balancing worked as expected. Even if within an experiment,
the balancing worked, there is no guarantee that the balancing worked, and worked
uniformly, across the three experiments.

As a matter of fact, the average Williams test score, out of 100, for the subjects

– in Experiment 1 was 70.81,
– in Experiment 2 was 73.44, and
– in Experiment 3 was 75.58.

A single-factor analysis of variance (ANOVA) test shows that there is no significant
difference between these averages.

Nevertheless, to dispell any doubt about whether balancing worked and worked
uniformly over the three experiments, we let a group’s average Williams test score be an
independent variable, and we see if it has a significant effect on the dependent variables.
Note that any difference among experiments in the way a group’s average Williams test
score affects the dependent variables will be reflected also in the test of the effect of
the experiment numbers on the dependent variables. The average creativity test score
independent variable, crt, is numerical and has values in the range of 0 through 100.

6.3 Treatment of Group Sizes

Initially, we had treated the group size independent variable as a numerical variable that
takes on three values, 1, 2, and 4, in the experiments. As a numerical variable, the value
4 is twice the value 2, which in turn is twice the value 1. Doing a linear regression of the
dependent variables on group size carries the assumption that the dependent variables
are linearly related to group size. That assumption is just not borne out, because the
dependent variables proved not to be linearly related to group size. For example, Figure
5 shows a linear regression for the number of raw requirement ideas generated per group
as a function of group size. Figure 6 shows that the overall linear regression, depicted
as a solid line, is very different from the regression, depicted as a dashed line, for each
of the three possible pairings of group sizes.

Therefore, we decided to treat group size as a nominal variable, with three values,
s1, s2, and s4 and to do regressions for each pair of group size values.

7 Multivariate Regressions

We used multivariate regressions [41] to compute the coefficients of the effect on depen-
dent variables of changes in the independent variables and to compute their statistical
significance.
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7.1 Regressions for POEPMcreate

For the POEPMcreate data, we decided to run for each group’s values of each dependent
variable, PTR, PTN, PAR, and PAN, a regression of it on the group’s values for each of
the following independent numerical variables: the group’s average Williams test score,
crt in the range [0 – 100], and the group’s size as a numerical variable, sz in the range
[1 – 4]9, and on the group’s values of the following changes in the values of independent
nominal variables: s1 → s2, s2 → s4, s1 → s4, E1 → E2, E2 → E3, and E1 → E3.

7.2 Regressions for EPMcreate

For the EPMcreate data, the numerical variables are the same as for POEPMcreate. So
the regressions to do involving numerical values are the same. For the nominal data, the
story is different. Since there are only two sizes, s1 and s2, and only two experiments,
E1, and E2, involved with EPMcreate data, there are only two changes for which to
calculate regressions: s2 → s4 and, without loss of generality, E2 → E1. It turns out
that all of the groups of size 4 are from Experiment 2 and vice versa, and all of the
groups of size 2 are from Experiment 1 and vice versa. Thus, the s2 → s4 change is
identical to and is indistinguishable from the E2 → E1 change. Therefore, for each de-
pendent variable, we had to run only one regression of it on these two changes together.
Moreover, it is impossible, at least from the data alone, to determine the contribution of
each independent variable change to the cause of any dependent variable’s change.

7.3 Regression Calculations

For the regression of a dependent variable on a numerical independent variable, the
coefficient is the slope of the regression line that passes near the dependent variable’s
data points. The slope expresses the expected change in the dependent variable’s value
as a result of a change in the independent variable’s value. For the regression of a
dependent variable on the changes in values of a nominal independent variable, the
coefficient is the expected change in the dependent variable’s value as result of the
given change in the value of the independent variable. For both kinds of variables, the
statistical significance of the expected change is given as a P -value, which needs to be
less than α = 0.05. A table generated for a regression shows at least a coefficient and
its P -value.

To do the regressions, we used MS Excel 2010 and the Analysis ToolPak.

9 This linear regression is the discounted linear regression on group size as a numerical value.
It’s included so that the reader can see how poorly the linear regressions fit the data.
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Table 6: Regression for PTR — POEPMcreate, Total per group, Raw ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.291580199 0.567169434 -0.391747566 0.463615259
sz 4.004075962 0.372219723 4.016406215 0.379442735

s1 → s2 39.24271050 0.000674015 39.24020631 0.000956873
s2 → s4 -22.64065743 0.030533628 -22.60309466 0.037318200
s1 → s4 16.60205307 0.083354149 16.63711165 0.095221507

E1 → E2 -49.54437592 0.005243091 0.873029109 0.955823622
E2 → E3 16.47895050 0.103490179 1.054368914 0.916227542
E1 → E3 -33.06542542 0.014190472 1.927398022 0.876946771
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Fig. 7: Plot of PTR, Number of Raw Ideas per Group, against Group Size Changes for POEPM-
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Fig. 8: Plot of PTR, Number of Raw Ideas per Group, against Experiment Number Changes for
POEPMcreate
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Table 7: Regression for PTN — POEPMcreate, Total per group, New ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.181949813 0.676068493 -0.272127704 0.552595134
sz 3.684972045 0.289007366 3.696072629 0.299263136

s1 → s2 28.32045125 0.002506902 28.31819681 0.003489221
s2 → s4 -14.05676882 0.102344896 -14.02295211 0.118392283
s1 → s4 14.26368243 0.082728980 14.29524470 0.095635913

E1 → E2 -46.18468145 0.002990157 -0.993950955 0.941572020
E2 → E3 10.57987453 0.212390119 -1.737180739 0.840465056
E1 → E3 -35.60480692 0.003522347 -2.731131694 0.798884257
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Fig. 9: Plot of PTN, Number of New Ideas per Group, against Group Size Changes for POEPM-
create
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Fig. 10: Plot of PTN, Number of New Ideas per Group, against Experiment Number Changes for
POEPMcreate
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Table 8: Regression for PAR — POEPMcreate, Average per group member, Raw ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.159017017 0.561493124 -0.209117916 0.463874233
sz -5.161418231 0.018261852 -5.155250985 0.020711643

s1 → s2 7.621024575 0.133062912 7.619772052 0.146788221
s2 → s4 -21.44036862 0.000902492 -21.42158078 0.001219004
s1 → s4 -13.81934404 0.012284331 -13.80180873 0.015187802

E1 → E2 -16.11517882 0.063748945 0.471065356 0.955373226
E2 → E3 8.272542542 0.125856207 0.557794789 0.917022922
E1 → E3 -7.842636277 0.233647540 1.028860144 0.877018927
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Fig. 11: Plot of PAR, Number of Raw Ideas per Group Member, against Group Size Changes for
POEPMcreate
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Table 9: Regression for PAN — POEPMcreate, Average per group member, New ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.138556740 0.556947638 -0.183625140 0.455529535
sz -4.114031862 0.017238353 -4.108484099 0.020082549

s1 → s2 4.259036081 0.317338860 4.257909371 0.335171702
s2 → s4 -15.51054122 0.003281254 -15.49364037 0.004273012
s1 → s4 -11.25150514 0.016642691 -11.23573120 0.020376945

E1 → E2 -13.85219269 0.064181892 0.634622839 0.930277344
E2 → E3 5.408891850 0.236198545 -0.748687149 0.871102781
E1 → E3 -8.443300839 0.142395998 -0.114064310 0.984105503
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Fig. 13: Plot of PAN, Number of New Ideas per Group Member, against Group Size Changes for
POEPMcreate
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Fig. 14: Plot of PAN, Number of New Ideas per Group Member, against Experiment Number
Changes for POEPMcreate
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Table 10: Regression for ETR — EPMcreate, Total per group, Raw ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.041922257 0.867727865 -0.056278610 0.861726476
sz 13.05530425 0.006197000 -6.929813190 0.064549549

s2 → s4 & E2 → E1 26.11060850 0.006197000 -13.85962638 0.064549549
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Fig. 15: Plot of ETR, Number of Raw Ideas per Group, against Group Size and Experiment
Number Changes for EPMcreate

Table 11: Regression for ETN — EPMcreate, Total per group, New ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.335671729 0.112870142 -0.447509444 0.032538447
sz 16.25444575 0.000943312 -1.688984450 0.179140138

s2 → s4 & E2 → E1 32.50889150 0.000943312 -3.377968900 0.179140138
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Fig. 16: Plot of ETN, Number of New Ideas per Group, against Group Size and Experiment
Number Changes for EPMcreate
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Table 12: Regression for EAR — EPMcreate, Average per group member, Raw ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.021126321 0.862437485 -0.028250535 0.860423976
sz -1.160122509 0.293943982 -7.616966515 0.007994883

s2 → s4 & E2 → E1 -2.320245018 0.293943982 -15.23393303 0.007994883
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Fig. 17: Plot of EAR, Number of Raw Ideas per Group Member, against Group Size and Experi-
ment Number Changes for EPMcreate

Table 13: Regression for EAN — EPMcreate, Average per group member, New ideas

Independent Variable Original Rescaled
or Change Thereof Coefficient P -value Coefficient P -value

crt -0.168166250 0.040727752 -0.223793634 0.020865985
sz 0.751673609 0.154645977 -4.827056916 0.001304228

s2 → s4 & E2 → E1 1.503347219 0.154645977 -9.654113833 0.001304228
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Fig. 18: Plot of EAN, Number of New Ideas per Group Member, against Group Size and Experi-
ment Number Changes for EPMcreate
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8 Regression Results

Tables 6 through 13 give the results of the regression calculations of all the dependent
variables on all the independent variables or changes thereof. As with Table 5, there are
columns for original data and columns for so-called scaled data whose need and use
are described in Section 8.2. This section concerns the coefficients and P -values of the
original data that are in columns under the header “Original”.

Interleaved among these tables are Figures 7 through 18 that show the plots derived
from the nominal data parts of these tables, i.e., the last 6 rows for a POEPMcreate
table and the last row for an EPMcreate table. In any graph, the y-axis gives coefficient
values for expected changes in the values of the dependent variable described by the
legend of the axis. The axis’s 0 tick is labeled “Min” to remind us that we are looking at
changes in the dependent variable’s value and not its actual values. The x-axis’s legend
indicates the nominal independent variable whose changes are being considered. The
axis’s ticks indicate values of this nominal variable. The range lines to the right of a plot
give the exact values of the y-axis changes. Each line has from zero to three asterisks
indicating the order of magnitude of the P -value, i.e., the number of 0s after the decimal
point before the first non-0 digit. Also, a single asterisk is shown only if the P -value
is less than 0.05. For example, in Figure 8, the line from (1,49.54) to (2,Min) means
that the expected change in the dependent variable PTR (POEPMcreate Total group
Raw Ideas) as a result of the change E1 → E2 (from Experiment 1 to Experiment 2)
is −49.54. Because of the three asterisks on this line, this change is significant at the
0.00n level for some n. The corresponding table row, the row for E1 → E2 in Table 6
shows −49.54437592 as the coefficient and 0.005243091 as the P -value.

8.1 POEPMcreate Results

As hoped for, a group’s average Williams test score, crt, has no effect on any dependent
variable. The coefficients for the numerical variable crt for PTR, PTN, PAR, and PAN
are −0.29, −0.18, −0.15, and −0.13, respectively, all being very close to 0, and they
are not significant, with P -values of 0.57, 0.67, 0.56, and 0.56, respectively, all greater
than 0.05.

Table 14 summarizes the results of the regressions relative to their support for the
subhypotheses. The table’s structure is described first columnwise and then rowwise.

The first three columns give:

1. the CET under examination, establishing the value of “c”s that appear in column
headers as “P” for POEPMcreate and “E” for EPMcreate;

2. the compared group sizes, s1 → s2, s2 → s4, s1 → s4, and sz : [1− 4]; and
3. the compared experiments, E1 → E2, E2 → E3, and E1 → E3.

The last four columns concern subhypotheses, as indicated by the headers of the four
columns and superheaders of pairs and the quadruple of columns.

Rowwise, the table is divided into three sections separated by double rules:

1. the header section,
2. the POEPMcreate section, and
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Table 14: Summary of Subhypothesis Conclusions

Hypotheses
H1 H2

# Raw # New # Raw # New
Requirement Requirement Requirement Requirement

Compared Compared Ideas Ideas Ideas Ideas
Group Experi- Generated Generated Generated Generated

Sizes (s) ments (E) by by by by
Whole Group Group Member

CET HcTR HcTN HcAR HcAN

PO
E

PM
cr

ea
te

c
=

P

E1 → E2
HPTR E1 → E2 HPTN E1 → E2 HPAR E1 → E2 HPAN E1 → E2

** ↓ 49.54 ** ↓ 46.18 ↓ 16.12 ↓ 13.85

E2 → E3
HPTR E2 → E3 HPTN E2 → E3 HPAR E2 → E3 HPAN E2 → E3

↑ 16.48 ↑ 10.58 ↑ 8.27 ↑ 5.41

E1 → E3
HPTR E1 → E3 HPTN E1 → E3 HPAR E1 → E3 HPAN E1 → E3

* ↓ 33.06 ** ↓ 35.60 ↓ 7.84 ↓ 8.44

s1 → s2

HPTR s1 → s2 HPTN s1 → s2 HPAR s1 → s2 HPAN s1 → s2

*** ↑ 39.24 ** ↑ 28.32 ↑ 7.62 ↑ 4.26
(*** ↑ 39.24) (** ↑ 28.32) ( ↑ 7.62) ( ↑ 4.32)

s2 → s4

HPTR s2 → s4 HPTN s2 → s4 HPAR s2 → s4 HPAN s2 → s4

* ↓ 22.64 ↓ 14.06 *** ↓ 21.44 ** ↓ 15.51
(* ↓ 22.60) ( ↓ 14.02) (** ↓ 21.44) (** ↓ 15.49)

s1 → s4

HPTR s1 → s4 HPTN s1 → s4 HPAR s1 → s4 HPAN s1 → s4

↑ 16.60 ↑ 14.26 * ↓ 13.82 * ↓ 11.25
( ↑ 16.64) ( ↑ 14.30) (* ↓ 13.80) (* ↓ 11.24)

sz : [1− 4]

HPTR sz : [1− 4] HPTN sz : [1− 4] HPAR sz : [1− 4] HPAN sz : [1− 4]

↑ 4.00 ↑ 3.68 * ↓ 5.16 * ↓ 4.11
( ↑ 4.02) ( ↑ 3.70) (* ↓ 5.16) (* ↓ 4.11)

E
PM

cr
ea

te
c

=
E

s2 → s4 E2 → E1

HETR s2 → s4 HETN s2 → s4 HEAR s2 → s4 HEAN s2 → s4

** ↑ 26.11 *** ↑ 32.51 ↓ 2.32 ↑ 1.50
( ↓ 13.85) ( ↓ 3.38) (** ↓ 15.23) (** ↓ 9.65)
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3. the EPMcreate section.

In the header section, the headers for the first three columns are simple descriptions.
The headers for the last four columns bear careful explanation. Reading from top to
bottom, the topmost header says that the four columns are about hypotheses. The first
two of these four columns are about H1, which is about whole groups, and the last two
of these four columns are about H2, which is about group members on average.

H1 has two groups of subhypotheses:

– about numbers of raw requirement ideas generated by whole groups, the HcTR
hypotheses, for “c” = “P” or “E”; and

– about numbers of new requirement ideas generated by whole groups, the HcTN
hypotheses, for “c” = “P” or “E”.

H2 has two groups of subhypotheses:

– about average numbers of raw requirement ideas generated by group members, the
HcAR hypotheses, for “c” = “P” or “E”; and

– about average numbers of new requirement ideas generated by group members, the
HcAN hypotheses, for “c” = “P” or “E”.

The POEPMcreate section is divided into seven subsections, one for each of the six
regressions on changes in the nominal experiment and group size independent variables,
E1 → E2, E2 → E3, E1 → E3, s1 → s2, s2 → s4, and s1 → s4 and one for the
regression on group size treated as a numerical variable, sz : [1− 4].

A cell that is at the intersection of

– the row for the change in one nominal independent variable or for one numerical
independent variable, CIV oIV , e.g., E1 → E2, and

– the column for one subhypothesis, HcXY , e.g., HPTR,

is about a regression of the dependent variable cXY on CIV oIV , e.g., PTR on E1 →
E2, and has three rows:

1. The first row of the cell gives the subhypothesis, HcXY , of the cell paired with
CIV oIV , e.g., “HPTR E1 → E2”.

2. The second row of the cell gives a triple (described just below) not enclosed in
parentheses, reporting the result of the regression of the cell.

3. The third row of the cell gives a triple enclosed in parentheses, reporting the result
of a regression on the scaled version of the values used for the regression of the
cell, whose result is reported in the second row. (See Section 8.2.)

In the second and third rows, a triple is used to report the result of a regression, and
it consists of three parts:

1. zero to three asterisks, reporting the strength of statistical significance of the result
of the regression, as is done in the plots in Figures 7 through 18;

2. an arrow to report the direction of the coefficient of regression, with ↑ for positive
and ↓ for negative; and

3. a numeral to indicate the magnitude of the coefficient of the regression.
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The EPMcreate section deals with only one group size change and one experiment
change, and it deals with them together in one regression. The notation used in this
section is the same as that for a subsection of the POEPMcreate section.

Returning to consideration of the POEPMcreate results, examination of the non-
parenthesized triples in the cells of the POEPMcreate section of Table 14 shows that
some, but not all group size changes have significant effects on some but not all depen-
dent variables. In particular, for H1 about total requirement ideas generated by whole
groups:

– A group of size 2 generates about 39 and 28 more raw and new requirement ideas,
respectively, than does a group of size 1, and each difference is very significant.

– A group of size 4 generates about 23 and 14 fewer raw and new requirement ideas,
respectively, than does a group of size 2, and this difference is significant for only
the raw ideas.

– A group of size 4 generates about 17 and 14 more raw and new requirement ideas,
respectively, than does a group of size 1, and neither difference is significant.

– Overall, as indicated by the regression on sz : [1 − 4], the larger of two groups
generates about 4 and 3.6 more more raw and new requirement ideas, respectively,
for each additional member it has over the smaller of the two groups, and neither
difference is significant. Thus, a group of size 4 is expected to generate about 12
and 11 more raw and new requirement ideas, respectively, than does a group of size
1.

Thus, rejection of HPTR is supported significantly for s1 → s2 and s2 → s4 and is
only suggested for s1 → s4. Rejection of HPTN is supported significantly for s1 → s2
and is only suggested for s2 → s4 and s1 → s4. For POEPMcreate, group size makes
a difference in the numbers of raw and new requirement ideas generated by groups.

The directions of these rejections were as expected in four of these six cases: For
HPTR and s1 → s2, HPTR and s1 → s4, HPTN and s1 → s2, and HPTN and s1 →
s4, the more group members, the more raw and new ideas are generated. However, for
HPTR and s2 → s4 and HPTN and s2 → s4, the more group members, the fewer raw
and new ideas are generated.

We were very surprised to see that a group of size 4 generates fewer raw and new
ideas than does a group of size 2. This surprise suggests that perhaps the larger group-
management overhead in a larger group is decreasing the larger group’s effectiveness
in requirement idea generation. This phenomenon has been observed in brainstorming
[42–46, 24, 47]. Section 10 explores this issue thoroughly. In the meantime, the analysis
of the data continues in order to gather evidence for a conclusion.

This surprise, for sure, says that the subhypotheses that we designed the experiments
to test are not fine enough; actual group sizes make a difference, as there is not an overall
uni-directional tendency. So it will be necessary, as is done in Table 14, to include the
relevant group sizes in the statement of a subhypothesis.

For H2 about requirement ideas generated by average members of groups:

– Per member, a group of size 2 generates about 8 and 4 more raw and new re-
quirement ideas, respectively, than does a group of size 1, and neither difference is
significant.
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– Per member, a group of size 4 generates about 22 and 16 fewer raw and new re-
quirement ideas, respectively, than does a group of size 2, and each difference is
very significant.

– Per member, a group of size 4 generates about 14 and 11 fewer raw and new re-
quirement ideas, respectively, than does a group of size 1, and each difference is
significant.

– Overall, as indicated by the regression on sz : [1−4], per member, the larger of two
groups generates about 5 and 4 fewer raw and new requirement ideas, respectively,
for each additional member it has over the smaller of the two groups, and each
difference is significant. Thus, per member, a group of size 4 is expected to generate
about 15 and 12 more raw and new requirement ideas, respectively, than does a
group of size 1.

Thus, rejection of HPAR is supported significantly for s2 → s4 and s1 → s4 and is
only suggested for s1 → s2. Rejection of HPAN is supported significantly for s2 → s4
and s1 → s4 and is only suggested for s1 → s2. For POEPMcreate, group size makes
a difference in the average numbers of raw and new requirement ideas generated by
group members.

The directions of these rejections were as expected in only two of these six cases:
For HPAR and s1 → s2 and HPAN and s1 → s2, the more group members, the more
raw and new ideas are generated per group member. However, for HPAR and s2 → s4,
HPAR and s1 → s4, HPAN and s2 → s4, and HPAN and s1 → s4, the more group
members, the fewer raw and new ideas are generated per group member.

After the very surprising results for H1, perhaps the results for H2 are not so sur-
prising. Per group member, the larger of two groups tend to generate fewer raw and
new requirement ideas than the smaller group. For the group sizes tested, only a group
of size 2 generates more raw and new requirement ideas per group member than a
group of size 1. These results strengthen the suggestion that maybe the larger group-
management overhead in a larger group is decreasing the larger group’s effectiveness
in requirements idea generation. In these results, the only exception to this suggestion
is the case in which the smaller group is of size 1. A group of size 1 is not really a
group, and it cannot suffer any group-management overhead. Perhaps in going from
an individual to a group of size 2, the drag from the group-management overhead is
small enough that it is dominated by the synergy of a group, which cannot exist in
an individual. This conclusion is consistent with Fred Brooks’s observation that group
communication grows quadratically with an increasing number of group members [48].
At group size 2, the group-management overhead is smaller than at group size 4; so
synergy dominates overhead at group size 2, but is dominated by overhead at group
size 4.

Table 14 shows that some, but not all experiment changes have significant effects on
some but not all dependent variables. These significant results are troublesome, because
they say that despite all of our efforts to ensure that the experiments were run identi-
cally, there are measurable differences between the experiments. In particular, for each
dependent variable, PTR, PTN, PAR, and PAN, Experiment 1 values are greater than
each of Experiment 2 and Experiment 3 values. For the per-group dependent variables,
PTR and PTN, these differences are significant. For the per-team-member dependent
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variables PAR and PAN, whose values are one half or one quarter of those of the cor-
responding per-group variable, the differences are not significant, even though they are
real. In no case, is the difference between Experiment 2 and Experiment 3 values sig-
nificant.

Examination of Tables 2 through 4 reveals no sustained differences between the
characteristics of the groups in the three experiments that would account for the ob-
served significant differences in the numbers of requirement ideas generated by groups
in the different experiments. The only difference we can think of, not apparent in the
table, is that all participants in Experiment 1 were graduate students taking a graduate
seminar titled “Advanced Topics in Requirements Engineering” that was focusing, by
the students’ topic choices, on empirical studies in requirements engineering. Perhaps
the participants in Experiment 1 had more intrinsic motivation to do well than did the
paid participants in the other experiments. Their greater intrinsic motivation might have
led to their being more effective in generating more raw requirement ideas than were
participants in the other experiments.

Regardless of the reason for the observed differences as a result of differences in
experiment, it is necessary to try to factor them out of the results.

8.2 Scaling POEPMcreate Data and New POEPMcreate Results

We decided to try scaling the dependent variables by amounts that eliminate the effect
of the experiment nominal variable. That is, we wanted the regression on changes in the
experiment nominal variable to end up with coefficients near zero and with P -values
that are greater than 0.05. To do this scaling, we needed to find one experiment that
had groups of all three sizes. That experiment is Experiment 3. Experiment 3 was then
taken as the base experiment. Then, for each pair of experiments involving the base
experiment (i.e., (E1, E3) and (E2, E3)), we had to find one group size that was used
in the two experiments, and then use as the scaling factor between the two experiments,
the ratios of the average numbers of raw requirement ideas generated by groups of that
size in the two experiments.

For the difference between Experiment 1 and the base experiment, Experiment 3, we
saw that there are two groups of size 4 that did POEPMcreate in Experiment 1 and four
groups of size 4 that did POEPMcreate in Experiment 3. The PTR values for the two
Experiment 1 groups were 74 and 76 for an average of 75. The PTR values for the four
Experiment 3 groups were 40, 40, 44, and 38, for an average of 40.5. Therefore, to scale
Experiment 1’s dependent variable values to be comparable to those for Experiment 3,
we needed to multiply each Experiment 1 dependent variable by 40.5

75 = 0.54.
For the difference between Experiment 2 and the base experiment, Experiment 3,

we saw that there are four groups of size 2 that did POEPMcreate in Experiment 2 and
four groups of size 2 that did POEPMcreate in Experiment 3. The PTR values for the
four Experiment 2 groups were 40, 42, 45, and 63 for an average of 47.5. The PTR
values for the four Experiment 3 groups were 66, 30, 90, and 67, for an average of
63.25. Therefore, to scale Experiment 2’s dependent variable values to be comparable
to those for Experiment 3, we needed to multiply each Experiment 2 dependent variable
by 63.25

47.5 = 1.33.
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Each value of the dependent variables, PTR, PTN, PAR, and PAN, was rescaled by
the proper value:

– If the value was obtained in Experiment 1, it was multiplied by 0.54.
– If the value was obtained in Experiment 2, it was multiplied by 1.33.
– If the value was obtained in Experiment 3, it was left alone.

The resulting scaled values are shown in the POEPMcreate rows of the four columns
of Table 5 that are under the header “Scaled”, in the same notation used for the corre-
sponding four columns that are under the header “Original”.

Then, all of the regressions from Section 7.1 were run again with the scaled values.
The results of these regressions are actually in the two rightmost numerical columns of
Tables 6 through 9, the columns under the header “Rescaled” that give the coefficients
and their P -values.

Figures 19 through 22 show the plots derived from the nominal data parts of these
tables.
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Fig. 19: Plot of Scaled PTR, Number of Raw Ideas per Group, against Group Size Changes for
POEPMcreate
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Fig. 20: Plot of Scaled PTN, Number of New Ideas per Group, against Group Size Changes for
POEPMcreate
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Fig. 21: Plot of Scaled PAR, Number of Raw Ideas per Group Member, against Group Size
Changes for POEPMcreate
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Fig. 22: Plot of Scaled PAN, Number of New Ideas per Group Member, against Group Size
Changes for POEPMcreate
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Again, as hoped for, a group’s average Williams test score, crt, has no effect on any
dependent variable. The coefficients for the numerical variable crt for PTR, PTN, PAR,
and PAN are −0.39, −0.27, −0.21, and −0.18, respectively, all being very close to 0,
and they are not significant, with P -values of 0.46, 0.55, 0.46, and 0.46, respectively,
all greater than 0.05.

Most importantly, now, changes in the nominal experiment value have no significant
effect on any dependent variable.

1. The coefficients for the change E1 → E2 for PTR, PTN, PAR, and PAN are 0.87,
−0.99, 0.47, and 0.63, respectively, all being very close to 0, and they are not
significant, with P -values of 0.96, 0.94, 0.96, and 0.93, respectively, all greater
than 0.05.

2. The coefficients for the change E2 → E3 for PTR, PTN, PAR, and PAN are 1.05,
−1.73, 0.56, and −0.75, respectively, all being close to 0, and they are not sig-
nificant, with P -values of 0.92, 0.84, 0.92, and 0.88, respectively, all greater than
0.05.

3. The coefficients for the change E1 → E3 for PTR, PTN, PAR, and PAN are 1.93,
−2.73, 1.03, and −0.11, respectively, all being close to 0, and they are not sig-
nificant, with P -values of 0.88, 0.80, 0.88, and 0.98, respectively, all greater than
0.05.

So now, let us examine the effect of group size changes on the rescaled dependent
variables. The effects of group size changes after scaling are summarized the parente-
sized triples in the POEPMcreate section of Table 14. Again, some, but not all group
size changes have significant effects on some but not all dependent variables. Perhaps
surprisingly, in fact, all and only those results that were significant with unscaled values
are significant with scaled values, albeit, in a few cases, less strongly so. Moreover, the
direction and approximate magnitude of each coefficient is unchanged after scaling. So,
the conclusions drawn from the unscaled results still hold.

That these results are basically unchanged as a result of scaling

– gives us confidence that scaling was the correct thing to do,
– combined with that after scaling, changes in experiments are not significant, gives

us confidence that the scaling factors used are correct.

This confidence in the scaling ended up being useful for dealing with the EPMcreate
results.

8.3 EPMcreate Results

Again, as hoped for, a group’s average Williams test score, crt, has no effect on any
dependent variable. The coefficients for the numerical variable crt for ETR, ETN, EAR,
and EAN are −0.04, −0.36, −0.02, and −0.17, respectively, all being very close to 0,
and they are not significant, with P -values of 0.87, 0.11, 0.86, and 0.04, respectively,
all but the last being greater than 0.05.
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Without Scaling Recall that for the EPMcreate dependent variables, ETR, ETN, EAR,
and EAN, it is impossible to distinguish the effects of a change in experiment from
Experiment 2 to Experiment 1 from the effects of a change in group size from two to
four. The non-parenthesized triples in the cells of the EPMcreate section of Table 14
summarize the effects that these changes jointly have on the dependent variables.

For H1 about total requirement ideas generated by whole groups:

– A group of size 4 and in Experiment 1 generates about 26 and 32 more raw and new
requirement ideas, respectively, than does a group of size 2, and each difference is
very significant.

Thus, rejection of HETR is supported significantly for s2 → s4 combined with
E2 → E1, and rejection of HETN is supported significantly for s2 → s4 combined
with E2 → E1. For EPMcreate, group size and experiment make a difference in the
numbers of raw and new requirement ideas generated by groups.

The directions of these rejections were as expected. For HETR and s2 → s4 com-
bined with E2 → E1, and HETN and s2 → s4 combined with E2 → E1, the more
group members, the more raw and new ideas are generated.

For H2 about requirement ideas generated by average members of groups:

– Per member, a group of size 4 generates about 2.3 fewer raw requirement ideas than
does a group of size 2, and this difference is not significant.

– Per member, a group of size 4 generates about 1.5 more new requirement ideas than
does a group of size 2, and this difference is not significant.

Thus, rejection of HEAR is not supported for s2 → s4 combined with E2 → E1,
and rejection of HEAN is not supported for s2 → s4 combined with E2 → E1. For
EPMcreate, group size and experiment make no difference in the average numbers of
raw and new requirement ideas generated by group members.

With Scaling To try to separate the effects of the group size change from the effects
of the experiment change, we assumed that the effects of the experiment change on the
EPMcreate variables were the same as those on the POEPMcreate variables. This as-
sumption is reasonable because part of the purposes of Experiment 1 and Experiment 2
was to compare the effectiveness of EPMcreate and POEPMcreate. As a result, EPM-
create and POEPMcreate sessions were run in close time proximity. Moreover, in each
experiment, the ideas generated by the EPMcreate groups and the POEPMcreate groups
were lumped together into one file, sorted, and then subjected to evaluation by the same
pair of evaluators. Therefore, whatever caused the change in experiment to give rise to
a significant difference in the POEPMcreate dependent variables would likely cause the
same change in experiment to give rise to the same significant difference in the EPM-
create dependent variables. It would then be likely that the same scaling factors would
wash out the effects of the experiment changes.

Therefore, it made sense to scale values from Experiment 1 by 0.54 and to scale
values from Experiment 2 by 1.33, in effect to pretend that each EPMcreate group
participated in Experiment 3. The resulting scaled values are shown in the EPMcreate
rows of last four columns of Table 5. Then, all of the regressions from Section 7.2 were
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run again with the scaled values. The results of these regressions are actually in the two
rightmost numerical columns of Tables 10 through 13, the columns under the header
“Rescaled” that give the coefficients and their P -values.

Figures 23 through 26 show the plots derived from the nominal data parts of these
tables.
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Fig. 23: Plot of Scaled ETR, Number of Raw Ideas per Group, against Group Size and Experiment
Number Changes for EPMcreate
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Fig. 24: Plot of Scaled ETN, Number of New Ideas per Group, against Group Size and Experi-
ment Number Changes for EPMcreate

After this scaling, a group’s average Williams test score, crt, still has no effect
on any dependent variable. The coefficients for the numerical variable crt for ETR,
ETN, EAR, and EAN are−0.06,−0.45,−0.03, and−0.22, respectively, all being very
close to 0, and they are not significant, with P -values of 0.86, 0.03, 0.86, and 0.02,
respectively, all but the second and the last being greater than 0.05.

When we run the regressions to determine the effects on the scaled variables of the
joint changes in experiment from Experiment 2 to Experiment 1 and in group size from
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Fig. 25: Plot of Scaled EAR, Number of Raw Ideas per Group Member, against Group Size and
Experiment Number Changes for EPMcreate
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Fig. 26: Plot of Scaled EAN, Number of New Ideas per Group Member, against Group Size and
Experiment Number Changes for EPMcreate
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s2 to s4, we expect that the fiction that all groups participated in Experiment 3 to wash
out the effect of the experiment change.

An examination of the non-parenthesized and parenthesized triples in the cells of
the EPMcreate section of Table 14 shows that the results have changed dramatically
as a result of scaling and the attempt to factor out the contribution of the experiment
variable to the effects. For H1 about total requirement ideas generated by whole groups:

– A group of size 4 generates about 14 and 3 fewer raw and new requirement ideas,
respectively, than does a group of size 2, and neither difference is significant.

Thus, rejection of HETR is not supported for s2 → s4, and rejection of HETN is not
supported for s2 → s4. For EPMcreate, group size and experiment make no difference
in the numbers of raw and new requirement ideas generated by groups.

The directions of these effects were contrary to expectation: For HETR and s2 → s4
and HETN and s2 → s4, the more group members, the fewer raw and new ideas are
generated. Here, again, it appears that the larger group is suffering from larger group-
management overhead.

For H2 about requirement ideas generated by average members of groups:

– Per member, a group of size 4 generates about 15 and 10 fewer raw and new re-
quirement ideas, respectively, than does a group of size 2, and each difference is
very significant.

Thus, rejection of HEAR is supported significantly for s2 → s4, and rejection of
HEAN is supported significantly for s2 → s4. For EPMcreate, group size and experi-
ment make a significant difference in the average numbers of raw and new requirement
ideas generated by group members.

The directions of these rejections were contrary to expectations: For HEAR and
s2 → s4 and HEAN and s2 → s4, the more group members, the fewer raw and new
ideas are generated per group member. Also here, it appears that the larger group is
suffering from larger group-management overhead.

Which Results to Accept Whereas the scaling did not change the conclusions about
support for the POEPMcreate subhypotheses, HPTR, HPTN, HPAR, and HPAN, the
scaling completely changes the conclusions about support for the EPMcreate subhy-
potheses, HETR, HETN, HEAR, and HEAN. Each rejection that was significant with-
out scaling is not significant with scaling and vice versa. Furthermore, the scaling
flipped the direction of the rejection in three of the four subhypotheses. The question of
which set of conclusions to believe naturally arises.

While the conclusions do appear to change in fundamental ways, there is a way
that they can be viewed as saying approximately the same thing. In either case, the
average number of raw requirement ideas generated per group member is smaller in the
larger group. The difference in the conclusions is at which group size does the lower
effectiveness of a group member in the larger group cause the whole group to generate
fewer ideas. Without scaling, the reduction in the larger group’s effectiveness has not
happened yet, and with scaling, the reduction in the larger group’s effectiveness happens
in the change from group size 2 to group size 4. If one accepts the thinking in the last two
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paragraphs at the end of Section 8.1, the overall better effectiveness of the participants
of Experiment 1 allowed the groups of size 4, which were all from Experiment 1, to
be more effective than they would be otherwise, thus counteracting the dominance of
group-management overhead.

The conclusion of Section 8.2 is that, at least for the POEPMcreate results, both the
scaling and the factors used in the scaling made sense. The calculation of each scale
factor used data from both CETs to get a scale factor that can be legitimately applied to
the data about both CETs. Thus, there is good reason to believe that scaling should be
applied to the EPMcreate data, and that the results from the scaled data are more likely
correct than are those of the unscaled data. Therefore, we conclude it is likely that for
EPMcreate, the reduction in the larger group’s effectiveness happens in the change from
group size 2 to group size 4, and that the scaled results should be accepted as definitive.

9 Threats to Validity and Future Work to Address Them

Many of the possible threats to the validity of the conclusions to Experiment 3 and
the analysis of the three experiments threatened also Experiments 1 and 2 [26]. The
discussion of these enduring threats is repeated from the paper about Experiments 1
and 2.

9.1 Construct Validity

Construct validity is the extent to which the experiment and its various measures test
and measure what they claim to test and measure. Certainly, the groups were trying
to be creative in their idea generation. Counting of raw ideas is correct, because as
mentioned, at least one famous CET, i.e., brainstorming, has as a principal goal for its
first stage the generation of as many ideas as possible, under the principles that an idea’s
quality is evaluated only after the first stage is finished and that quality follows quantity
[21].

The method to evaluate the quality of an idea, determining its newness and its real-
izability, is based on (1) an accepted definition of creativity, that it generates new and
useful ideas and (2) taking newness relative to the existing implementation as the mea-
sure of newness and realizability in the current context as the measure of usefulness.
Admittedly, this measure of quality is subject to debate. For example, Briggs et al. [49]
observe that “Evaluating idea quality can be a grueling, expensive, and uncertain task.
Some studies do not address idea quality [citations in the original], while others argue
that the existing empirical evidence precludes the necessity for going to the expense
and effort of measuring idea quality.” Even as Briggs et al. conclude that “researchers
must continue to measure the effects of their brainstorming treatments on idea quality”
because there are factors other than quantity that affect the quality of ideas, they admit
that “the empirical record [on the subject] is equivocal”.

The shakiest measure used in the experiment is the Williams test of individual cre-
ativity. With any psychometric test, such as the Williams test and the standard IQ tests,
there is always the question of whether the test measures what its designers say it mea-
sures. The seminal paper describing the test discusses this issue [38], and the test seems
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to be accepted in the academic psychometric testing field [50]. The original test was
designed for testing children, and the test seems to be used in U.S. schools to iden-
tify gifted and talented students [51]. We modified the test to be for adults attending a
university or working [28, 32]. Each of the authors has examined the test and has deter-
mined for him- or herself that the test does examine at least something related to cre-
ativity if not individual creativity itself. Finally, the same modified-for-adults Williams
test, in Italian and English versions, has been used in all of our past experiments about
CETs and will be used in all of our future experiments about CETs. Therefore, even if
the test does not measure individual creativity exactly or fully, the same error is made in
all our experiments. Thus, the results of all of these experiments should be comparable.

Section 6 discusses three other threats to construct validity, namely (1) whether
combining data from multiple experiments is valid, (2) whether balancing the groups’
average creativity scores eliminated differences in group members’ individual creativity
as a cause for observed differences in the groups’ requirement idea generation, and (3)
whether group size should be a numerical variable. Section 6 discusses in detail how
these threats were dealt with.

9.2 Internal Validity

Internal validity is that one can conclude the causal relationship that is being tested by
the experiment. In this case, we are claiming that the differences in groups size caused
the observed differences in the quantity and quality of the requirement ideas generated.
We know from being in the room with the groups that each group was actively using its
assigned CET while it was generating its requirement ideas. We carefully assigned sub-
jects to the groups so that the groups were balanced in all personal factors, especially
individual creativity, that we thought might influence the subjects’ abilities to generate
requirement ideas. The original regressions did show that experiment number has a sig-
nificant effect on the numbers of raw and new requirement ideas generated, but after
rescaling the numbers of raw and new requirement ideas generated, this effect disap-
peared. Therefore, we believe that, after rescaling, the only factors that can account for
the differences in the number of requirement ideas among groups are the CET being
used by the groups and the sizes of the groups.

9.3 External Validity

External validity is that the results can be generalized to other cases, with different kinds
of subjects, with different kinds of CBS. There are several threats to external validity:

– the use of students as subjects instead of requirements elicitation or software devel-
opment professionals: However, our student subjects had all studied at least a few
courses in computer science and software engineering. Moreover, each group had
at least one subject with professional experience in computing. In addition, most
students at the university from which the subjects are are in the cooperative edu-
cation program. A typical student works one of three terms per year in a paying
industrial job, preferably in his or her major area.
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Therefore, one could argue that the subjects were equivalent to young professionals,
each at an early stage in his or her CBS development career [52]. Indeed, in one
of the early experiments [28] comparing EPMcreate with brainstorming, namely
the Civilia experiment, professional analysts were used as the subjects. The results
and the shape of the results of Experiments 1, 2, and 3 are the same as in the early
experiment in which professional analysts were used as subjects.

– the particular choice of the types of stakeholders whose viewpoints were used
by EPMcreate and POEPMcreate sessions: Would other choices, e.g., of teachers,
work as well?

– the single Web site as the CBS for which to generate requirement ideas: Would a
different Web site or even a different kind of CBS inhibit the effectiveness of any
CET? Our experience in using the full EPMcreate and a variant of it to generate
requirement ideas for four different CBSs [28, 15] leads us to believe that the kind
of CBS has no effect on the effectiveness of any variant of EPMcreate.

– the impacts of the subjects’ domain knowledge on the quantity and quality of the
generated requirement ideas: How does the subjects’ domain knowledge affect the
results? A common belief among practitioners of brainstorming is that a group’s
creativity is boosted when the group has a mix of different competencies, back-
grounds, viewpoints, and domain knowledge [21, 31]. The experiments described
in this paper entirely avoided this issue. All of the subjects were CS students with
very similar sets of competencies, backgrounds, and domain knowledge. Thus it
is unlikely that any group gained any advantage over another on the basis of this
issue. About half of the subjects in another experiment, in which two of the authors
of the present paper were involved, were experts in the Web site’s domain and half
were not, and different results were observed as a result of the difference in domain
knowledge [32].

– Finally, even though the collected data yield statistically significant results, the
medium number of groups of each size increases the probability that any positive
observations were random false positives. Thus, there is the threat of a so-called
Type I error [53], that of accepting a non-null hypothesis, making a positive claim,
when it should be rejected. The only remedy for this threat is to do more experi-
ments in the future with more groups of the same sizes.

9.4 Dealing With Threats in Future Work

To address these threats to validity, we plan future experiments to get more data points
and to do other experiments with different kinds of subjects, different sized groups,
different stakeholder viewpoints, and different CBSs.

10 Postanalysis Speculation

It is useful to step back from the definitive results of an experiment and to take a closer
look at the data to begin to understand why the results are what they are and to possi-
bly speculate about additional results that may require additional work in the future to
confirm.
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The definitive results described in Section 8 can be summarized in a structured way
that showcases some surprises.

1. When EPMcreate is used to help generate ideas for requirements elicitation,
A. according to the original data,

– per whole group,
a four-person group generates on average significantly more raw and new
ideas than a two-person group;

– however, per group member,
there is no significant difference in the numbers of raw and new ideas gen-
erated on average by a two-person group member and a four-person group
member:
• a four-person group member generates on average slightly fewer raw

ideas than a two-person group member, while
• a four-person group member generates on average slightly more new

ideas than a two-person group member,
B. but, according to the rescaled data,

– per whole group,
there is no significant difference in the numbers of raw and new ideas gen-
erated on average by a two-person group and a four-person group:
• a four-person group generates on average fewer raw ideas than a two-

person group, while
• a four-person group generates on average slightly fewer new ideas than

a two-person group;
– however, per group member,

a four-person group member generates on average significantly fewer raw
and new ideas than a two-person group member.

2. When POEPMcreate is used to help generate ideas for requirements, elicitation,
according to both the original and the rescaled data,

– per whole group,
• a two-person group generates on average significantly more raw and new

ideas than a one-person group,
• a four-person group generates on average fewer raw and new ideas than a

two-person group, and significantly so for raw ideas,
• there is no significant difference in the numbers of raw and new ideas gen-

erated on average by a one-person group and a four-person group:
∗ a four-person group generates on average more raw and new ideas than

a one-person group,
– however, per group member,

• there is no significant difference in the numbers of raw and new ideas gen-
erated on average by a one-person group member and a two-person group
member:
∗ a two-person group member generates on average more raw ideas than

a one-person group member, and
∗ a two-person group member generates on average slightly more new

ideas than a one-person group member,
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• a four-person group member generates on average significantly fewer raw
and new ideas than a two-person group member, and

• a four-person group member generates on average significantly fewer raw
and new ideas than a one-person group member.

Groups are traditionally thought to have synergy, by which the effect of a group is
greater than the sum of the effects of its members [21]. These data suggest that synergy,
if indeed it is present, is not uniformly helpful. In particular,

– when EPMcreate is used to help generate ideas for requirements elicitation,
• according to the original data, a four-person group member generates on aver-

age slightly fewer raw ideas than a two-person group member, and
• according to the rescaled data,

∗ a four-person group generates on average fewer raw ideas and slightly
fewer new ideas than a two-person group, and

∗ a four-person group member generates on average significantly fewer raw
and new ideas than a two-person group member,

and
– when POEPMcreate is used to help generate ideas for requirements, elicitation,

according to both the original and the rescaled data,
• a four-person group generates on average fewer raw and new ideas than a two-

person group, and significantly so for raw ideas,
• a four-person group member generates on average significantly fewer raw and

new ideas than a two-person group member, and
• a four-person group member generates on average significantly fewer raw and

new ideas than a one-person group member.

Perhaps, synergy is getting drowned out in the larger group, because it has more group-
management overhead than the smaller group. Remember, that the lines of intermember
communication in a group is increasing quadratically with increasing group size.

The natural question to ask is “What is more important for requirements engineering
uses of EPMcreate or POEPMcreate to optimize,

1. the total number of ideas in a group, or
2. the number of ideas per member in a group?”

For instance, the original data in Table 5 say that for EPMcreate,

1. a four-person group generates on average 61.5 raw requirement ideas, 15.38 per
member, but

2. a two-person group generates on average 35.25 raw requirement ideas, 17.63 per
member,

and that for POEPMcreate,

1. a four-person group generates on average 52 raw requirement ideas, 13 per member,
but

2. a two-person group generates on average 55.38 raw requirement ideas, 27.69 per
member.
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3. a one-person group generates on average 24 raw requirement ideas, 24 per member.

These data say that

1. the more or most effective total group is the four-person group, and
2. the more or most effective group member is that of the two-person group.

What is the better group size, four, because the total number of ideas is bigger, or
two, because each member will be more productive? If we believe the data presented
thus far, the answer would be “two”.

– You want to get as many people as you can afford working to make ideas. The more
people you have, the more ideas you get.

– However, to maximize the power of the individual and thus ultimately of the group,
you should split the people you have into groups of two.

For example, if you are using EPMcreate and can afford four people, then make two
groups of two. In one four-person group, you will get on average 61.5 ideas. In two
two-person groups, you will get on average 70.5 ideas. The same is even more true with
POEPMcreate. In one four-person group, you will get on average 52 ideas. In two two-
person groups, you will get on average 110.76 ideas. For the rescaled data, the effect
is even more pronounced. With EPMcreate, in one four-person group, you will get on
average 33.21 ideas. In two two-person groups, you will get on average 93.77 ideas.
With POEPMcreate, in one four-person group, you will get on average 40.5 ideas. In
two two-person groups, you will get on average 126.43 ideas. Of course, the questions
are “How much overlap is there between two groups? Is the overlap high enough that
the benefit of having smaller but more groups is lost?”

We searched for shared ideas among the ideas generated by all possible pairs of
the four two-person EPMcreate groups and all possible pairs of the four two-person
POEPMcreate groups in Experiment 2. We did this search in only the original data
because they are more conservative with respect to what we are trying to determine.
Table 15 shows the results of these searches. In the head of a column or row, which
is about one group, the first element of the triple is a unique label for the group; the
second element is of the form Tn, where (1) T is the CET used by the group, with “E”
meaning “EPMcreate” and “P” meaning “POEPMcreate”, and (2) n is the number of
members in the group, which in this case, is always “2”; and the third element is the
number of raw requirement ideas generated by the group.

The upper left-hand triangle (in rows A, B, and C by columns B, C, and D) shows
the idea sharing among the pairs of EPMcreate groups, and the lower right-hand triangle
(in rows E, F, and G by columns F, G, and H) shows the idea sharing among the pairs
of POEPMcreate groups.

The reading of the cell in the row for Group A, which generated 30 raw requirement
ideas using EPMcreate, and the column for Group B, which generated 35 raw require-
ment ideas using EPMcreate, is that there were 6 ideas in common among the generated
ideas of the two groups; 17.14% of Group B’s ideas were in common with Group A’s
ideas; and 20% of Group A’s ideas were in common with Group B’s ideas.

This search shows that among pairs of EPMcreate two-person groups, the average
and maximum percentage overlap of raw requirement ideas generated were 15.55 and
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22.86, respectively, and among pairs of POEPMcreate two-person groups, the average
and maximum percentage overlap of raw requirement ideas generated were 26.78 and
38.1, respectively. It is not unexpected that the overlap is higher in the CET that was
demonstrated to be more effective.

We searched for shared ideas also among the ideas generated by all possible pairs
of the four two-person POEPMcreate groups, all possible pairs of the five one-person
POEPMcreate groups, and all possible pairs of a one-person POEPMcreate group with
a two-person POEPMcreate group in Experiment 3. Table 16 shows the results of these
searches in the same format used in Table 15.

The upper left-hand triangle (in rows A, B, and C by columns B, C, and D) shows
the idea sharing among the pairs of two-person groups, the lower right-hand triangle (in
rows E, F, G, and H by columns F, G, H, and I) shows the idea sharing among the paris
of one-person groups, and the upper right-hand rectangle between the triangles (in rows
A, B, C, D by columns E, F, G, H, and I) shows the idea sharing among the pairs of a
one-person group with a two-person group.

This search shows that for POEPMcreate, among pairs of two-person groups, the
average and maximum percentage overlap of raw requirement ideas generated were
17.18 and 30, respectively; among pairs of one-person groups, the average and max-
imum percentage overlap of raw requirement ideas generated were 11.93 and 27.78,
respectively; and among pairs of one- and two-person groups together, the average and
maximum percentage overlap of raw requirement ideas generated were 16.27 and 44.44,
respectively.

Combining the two sets of results about idea sharing among two-person groups
using POEPMcreate shows that among pairs of POEPMcreate two-person groups, the
average and maximum percentage overlap of raw requirement ideas generated were
21.98 and 38.1, respectively10.

Let us continue the example of what to do if you have four people to use POEPMcre-
ate to generate requirement ideas. With one four-person group, you will get on average
52 ideas. With two two-person groups, you will get on average about 111 ideas. At
worst, 38 of them will be in common, leaving 73 usable ideas, about 40% more than the
four-person group. However, on average, only 22 of them will be in common, leaving
about 89 usable ideas, 71.15% more than the 52 ideas from the four-person group. With
four one-person groups, i.e., four individuals, you will get on average 96 ideas. At worst
38 will be common, leaving 58 usable ideas, fewer than with two two-person groups,
but still more than one four-person group. However, on average only 22 of the ideas will

10 A little thought shows that this search for shared ideas is very expensive. It requires a compar-
ison of every pair of the dozens of ideas of every pair of the tested groups. The comparison
of two ideas is not syntactic, because a judgment must be made whether the compaired mean
the same thing. With a group generating on average about 45 raw ideas, there are about 1000
comparisons for each pair of groups. Then if there are n groups to pair, there are n2/2 + n of
these 1000 comparisons to do. Because of this quadratic growth of these 1000 comparisons, it
is considerably cheaper to do a search among the pairings of four groups and a search among
the pairings of another four groups than to do a search among the pairings of eight groups.
Moreover, there is no reason to expect that the amount of sharing among two distinct sets of
four groups will be significantly different from the amount of sharing among one combined
set of eight groups made from the two sets of four groups.
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be in common, leaving 74 usable ideas, again fewer than with two two-person groups,
but still more than one four-person group. Thus, it appears that it is better to split a
large group into smaller groups when generating requirement ideas with EPMcreate or
POEPMcreate, and at least for POEPMcreate, one should not split two-person groups
into individuals.

On the assumption that this conclusion is generalizable, for EPMcreate or POEPM-
create, if one has more than two people available, she should split them into as many
two-person groups as possible, and then a one-person group if the number of people is
odd. These groups should work independently, and then their ideas should be combined
while eliminating repeated ideas.

Several researchers [42–46, 24, 47] had noticed a similar phenomenon for brain-
storming, that smaller groups are more effective per person than larger groups, and that
individuals are the most effective. Future work is needed with experiments designed
specifically to test the speculative conclusions of this section.

A mystery is that data of this paper show that for POEPMcreate, an individual
is generating more raw and new ideas when working a two-person group than when
working alone, although the difference is not statistically significant. The empirical
brainstorming literature says that the average individual is better than any group per
person [47]. Perhaps there is something about POEPMcreate’s procedure that mitigates
the drag that a group places on individuals in brainstorming. Future work is needed also
to solve this mystery.

11 Qualitative Triangulation

To interpret the combined results of the three experiments, we designed and deployed
in late August 2012 an online questionnaire that can be found at:
https://docs.google.com/spreadsheet/viewform?formkey=
dFI2UWx0MWJuRUdvQ1JNZnh1NFN0SGc6MQ
The questionnaire’s main goal was to learn what industrial practitioners knew about
individual versus group requirements elicitation. Another goal was to learn the extent
of the use of CETs in industrial requirements elicitation.

The most important of the questions were:

– Group vs. individual activity in ReqElic — Requirements are identified as an indi-
vidual activity, by a single BoRA, working alone

– Group vs. individual activity in ReqElic — Requirements are identified as an indi-
vidual activity, by more than one BoRA, each working separately

– Group vs. individual activity in ReqElic — Requirements are identified as a group
activity

Answering these questions involved choosing between “all”, “most”, “some”, or “none”
as an indication of the fraction of projects in which the statement of the question is true.
Answering some other questions, e.g.,

– Size of the groups — Groups usually consist of
– Size of ideal groups
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involved choosing between some numbers or ranges of numbers.
We sent an advertisement describing the questionnaire to requirements analysts or

software development managers that we knew and asked that they send the advertise-
ment on to other people in similar roles. We posted the advertisement and the prop-
agation request on the Facebook, Google+, LinkedIn, ResearchGate, Slideshare, and
Twitter accounts of one of the authors. We posted the advertisement and the request
also on several e-mail lists, e.g., IIBA11, INCOSE12, Requirements Engineering Net-
work’s forum13, RE-online14, and Yahoo’s Requirements-Engineering Group15 as well
as several LinkedIn groups, including AICA, Community of Practice Systems Engi-
neering (CoP SE); America’s Requirements Engineering Association; Business Ana-
lysts — Banaglore; ICT Africa; ICT Australia; IEEE Computer Society Italy Chapter;
INCOSE; IREB Certified Professional for Requirements Engineering (CPRE); Mod-
ernAnalyst.com — Business Analyst Community; Requirements Engineering Special-
ist Group (RESG); Systems Engineers; and Requirements Engineering. Sometimes we
were assisted by the help of a friend who was in the organization and could post adver-
tisements. Thus, we have a convenience-assisted-by-a-snowball sampling.

In the end, we got 53 responses. See
https://cs.uwaterloo.ca/˜dberry/FTP_SITE/tech.reports/
53Xresponses.pdf 16

for an automatically generated summary of the responses. Normally, the small number
of responses would be a concern. However, our goal was an exploratory corroboration
of the speculation of the previous section for the purpose of deciding about future work.
This questionnaire could end up being a pilot for a future study. The rest of this section
gives an analysis of the data from these 53 responses.

The answers to the demographics question about the roles the respondent plays in
his or her organization shows that many respondents are involved in more than one role,
each of 45% of the respondents is a business or requirements analysts (BoRAs) in all or
most of his or her organization’s projects, each of 17% is a software engineer (SWE),
and each of 34% is a project manager (PM).

Figure 27 shows that requirements elicitation is described as an individual activity,
by a single BoRA, working alone in all or most projects by 25% of the respondents, as
an individual activity, by more than one BoRA, each working separately in all or most
projects by 15% of the respondents, and as a group activity in all or most projects by
55% of the respondents.

The same figure shows additionally, requirements elicitation is described as an indi-
vidual activity, by a single BoRA, working alone in some through all projects by 70% of
the respondents, as an individual activity, by more than one BoRA, each working sep-

11 http://www.iiba.org/
12 http://www.incose.org/
13 http://www.requirementsnetwork.com/
14 http://discuss.it.uts.edu.au/mailman/listinfo/re-online
15 http://tech.groups.yahoo.com/group/Requirements-Engineering/
16 If you copy and paste this URL into a browser, before hitting “Enter”, please change the

character before “dberry” that only looks like a tilde to a true ASCII tilde.
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in none of our projects 33 62%

Group vs. individual activity in ReqElic - Requirements are identified as an 
individual activity, by a single BoRA, working alone

in all our projects 4 8%

in most of our projects 9 17%

in some of our projects 24 45%

in none of our projects 16 30%

Group vs. individual activity in ReqElic - Requirements are identified as an 
individual activity, by more than one BoRA, each working separately

in all our projects 2 4%

in most of our projects 6 11%

in some of our projects 28 53%

in none of our projects 17 32%

Group vs. individual activity in ReqElic - Requirements are identified as a group 
activity

in all our projects 12 23%

in most of our projects 17 32%

in some of our projects 15 28%

in none of our projects 9 17%

Fig. 27: Requirements Elicitation Done by Individuals and Groups
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arately in some through all projects by 68% of the respondents, and as a group activity
in some through all projects by 83% of the respondents.

This figure shows also that conversely, requirements elicitation is described as an
individual activity, by a single BoRA, working alone in no project by 30% of the respon-
dents, as an individual activity, by more than one BoRA, each working separately in no
project by 32% of the respondents, and as a group activity in no project by 17% of the
respondents. While both individuals and groups are used for requirements elicitation, it
appears that groups are not used more often than are individuals.

Figure 28 shows that the usual number of BoRAs in a requirements elicitation group

The kind of ReqElic technique used in ReqElic Group activity sessions - We use 
brainstorming in group ReqElic sessions

in all our projects 5 9%

in most of our projects 20 38%

in some of our projects 22 42%

in none of our projects 6 11%

The kind of ReqElic technique used in ReqElic Group activity sessions - We use 
other creativity techniques in group ReqElic sessions

in all our projects 4 8%

in most of our projects 12 23%

in some of our projects 28 53%

in none of our projects 9 17%

Size of the groups - Groups usually consist of
2 BoRAs 21 40%

3 BoRAs 15 28%

4 BoRAs 8 15%

5 BoRAs 1 2%

> 5 BoRAs 6 11%

Size of ideal groups
4 individuals 12 23%

2 groups of 2 20 38%

1 group of 4 21 40%

Fig. 28: Sizes of Groups Doing Requirements Elicitation

for the all or most projects that use groups is given as 2 by 40%, as 3 by 28%, as 4 by
8%, as 5 by 2%, and as more than 5 by 11% of the respondents. Thus, groups of sizes 2
and 3 comprise 68%, a majority, of the groups.

Figure 29 shows that when respondents were asked specifically how they would

The kind of ReqElic technique used in ReqElic Group activity sessions - We use 
brainstorming in group ReqElic sessions

in all our projects 5 9%

in most of our projects 20 38%

in some of our projects 22 42%

in none of our projects 6 11%

The kind of ReqElic technique used in ReqElic Group activity sessions - We use 
other creativity techniques in group ReqElic sessions

in all our projects 4 8%

in most of our projects 12 23%

in some of our projects 28 53%

in none of our projects 9 17%

Size of the groups - Groups usually consist of
2 BoRAs 21 40%

3 BoRAs 15 28%

4 BoRAs 8 15%

5 BoRAs 1 2%

> 5 BoRAs 6 11%

Size of ideal groups
4 individuals 12 23%

2 groups of 2 20 38%

1 group of 4 21 40%

Fig. 29: Ideal Group Size for Doing Requirements Elicitation

distribute an available 4 BoRAs to do a requirements elicitation task, 23% said that they
would have the BoRAs work individually, 38% said that they would have the BoRAs
work in 2 groups of 2, and 40% said that they would have the BoRAs work in 1 group
of 4. That is, 61% of the respondents said that they would have the 4 BoRAs work in
groups of sizes 1 and 2. Therefore, smaller groups seem to be chosen even when more
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BoRAs are available for a task, and if more BoRAs are available, the extra ones would
be used to make other groups rather than to beef up any one group.

It seems that BoRAs, PMs, and SWEs in industry have noticed that smaller is better
in forming groups for requirements elicitation, even without the benefit of controlled
experiments. Moreover, they are even forming small groups consciously, according to
what they have noticed. This observation suggests that the conclusions about EPMcreate
and POEPMcreate that the experimental results weakly support may be correct and that
more work needs to be done to strengthen the results.

12 Related Work

The introductions to our earlier papers introducing EPMcreate and POEPMcreate and
describing empirical validations of their effectiveness [28, 26] discuss related work
about

– definitions of creativity,
– the role of creativity in SE in general,
– the role of creativity in RE in specific,
– particularly in requirements elicitation to invent requirements, to discover missing

requirements, and to deal with wicked problems,
– the role of communication and interaction in creativity for RE, and
– CETs, including not only the granddaddy of them all, brainstorming, against which

most others are compared, but also more focused techniques.

Some of this work describes empirical validations of the effectiveness of the techniques
they desccribe. The introduction to the current paper summarizes this related work.

Other related work concerning

– how to measure the effectiveness of a CET is cited in Section 3.3 and
– how smaller groups have been shown to be more effective than larger groups for

other CETs, including brainstorming, is cited in Section 8.1.

The most recent related work is mostly empirical, including experiments, case stud-
ies, and systematic reviews. For example, Kauppinen, Savolainen, and Männisto [54]
observed the RE activities of six different commercial software development organiza-
tions in Finland. They found three situations in which innovation, and thus creativity, is
beneficial for exposing hidden customer and user requirements, inventing new features
to satisfy these requirements, and finding innovative solutions to technical problems.
Therefore, more research is needed into the application of creativity in RE.

Zachos and Maiden [37] study using creativity to address the difficult problem of
ensuring completeness of a requirements specification. They describe a parser-based
tool, called AnTiQue, that algorithmically retrieves Web services in domains that are
analogous to the system whose requirements are being elicited. The paper describes two
empirical evaluations of the effectiveness of the tool and its algorithm. The first evalua-
tion compares the tool’s recall and precision to those of humans doing the same task on
medium-sized problem. The tool’s recall was 100%, i.e., it found all the analogies that
the humans did. The second evaluation was to assess the novelty of the requirements
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human analysts generated after doing walkthroughs of analogies found for a subject
domain by AnTiQue and other tools. Here, “novelty” was equated to “dissimilarity” to
exiting requirements for the domain.

Lemos, Alves, Duboc, and Rodrigues [55] conduct a systematic mapping study of
creativity in RE in order to find all studies about CETs in RE, to determine what these
studies offer to RE research and practice, and to determine the benefits and limitations
of these studies. Among the CETs they describe are EPMcreate and POEPMcreate.
Their conclusions are that research is needed to provide

– more empirical evidence about the effectiveness of these CETs,
– tools for enhancing creativity that are integrated into RE tool sets,
– a taxonomy of CETs for RE, and
– guidelines for selecting CETs for each RE phase.

Finally, they suggest that creative thinking needs to be applied more than just during
RE, in order that creativity permeate the entire software develpment lifecycle.

Svensson, Taghavianfar, and Gren [56] conduct both (1) a systematic literature re-
view of the use of CETs in RE and (2) an online survey (with a questionnaire) of prac-
titioners about their use of the same. They conclude from these two studies that

– there is insufficient empirical evidence to be able to evaluate whether the CETs
actually help generate more creative requirements, and

– there is actually only a limited use of CETs in real-life RE.

Our online survey, described in Section 11 found that one CET, brainstorming, is used
by practicing business or requirements analysts. Of course, since brainstorming is so
pervasive, this use of brainstorming could be considered a limited use with respect to
more powerful CETs.

13 Conclusions

The data from three experiments with identical design and conduct are combined to
draw conclusions that

1. among pairs of different sized EPMcreate or POEPMcreate elicitation groups, the
larger of the two groups is more effective overall;

2. among POEPMcreate elicitation groups, per group member, a two-person group
is more effective on average than a four-person group, while among EPMcreate
elicitation groups, per group member, there is no significant difference between a
two-person and a four-person group; and

3. among POEPMcreate elicitation groups, per group member, a two-person group is
slightly but not significantly more effective than a one-person group, and in the last
analysis, there is no significant difference between a one-person and a two-person
group.

The slight but insignificant difference in Conclusion 3 together with the surprising Con-
clusion 2 leads us to speculate about optimal group size and the possibility that divid-
ing the available EPMcreate or POEPMcreate practitioners into groups of two, but no
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further, may be the best strategy. The corroborating survey data indicate that industry
seems to have come to the same conclusions about CETs in general on its own, as a
result of good old fashioned observation, (1) that small group sizes are better and (2)
that a group size of two is the most popular and is considered ideal at least as often as
any other size. More work is needed to resolve this speculation.
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