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Abstract. The goal of requirements elicitation is to understand the stakehold-
ers’ needs and constraints, and form the system requirements. But gathering re-
quirements correctly, completely and understandably in a natural way is a great
challenge to traditional methods, for requirements analysts always play key
roles in the elicitation process dominantly while stakeholders participate in pas-
sively. Therefore, strategies that help the identification of requirements based
on reducing the requirements analysts’ dominance and promoting stake-
holders’ self-expression and self-improvement are welcomed. This paper
reports a controlled experiment to evaluate the Business Process oriented Col-
laborative Requirements Acquisition and Refining (BPCRAR) method. Com-
pared to JAD, the statistical results show that the requirements elicited by
BPCRAR are more complete and understandable. Besides that, the perceived
usefulness, ease to learn, and ease of use of BPCRAR are all confirmed by the
statistical data got from the questionnaire to the participants.

Keywords: Controlled experiment; Requirements elicitation; BPCRAR; JAD;
Evaluation.

1 Introduction

Requirements Elicitation (RE) is a critical process in system/software engineering. Its
goal is to understand the stakeholders' needs and constraints, which will be analyzed
and specified with requirements [1]. RE should consider the analysis of the organiza-
tion structure with its business domain and processes. The identification and modeling
of organization business processes can (i) help the requirements to represent the real
business needs, (ii) reduce the number of redundant requirements, and (iii) be used to
guide the development life cycle as a whole [2].

Defining requirements is not a simple knowledge transfer process where requirement
engineers elicit and document existing client knowledge [3]. Rather, it is a cognitive

* Corresponding Author.

D. Zowghi and Z. Jin (Eds.): APRES 2014, CCIS 432, pp. 90-104, 2014.
© Springer-Verlag Berlin Heidelberg 2014



Evaluating the BPCRAR Method: A Collaborative Method for Business Process 91

process, in which stakeholders collaboratively find out what has to be done by under-
standing problems and domains, learning from other stakeholders by negotiating and
discussing different viewpoints [4]. The major challenges of defining requirements for
software intensive systems are: (i) lack of adequate communication between users and
analysts; (ii) users do not have a clear and detailed expectation about their real needs;
(iii) each stakeholder has different expectations and describes his/her needs differently.
Thus, the requirements identified are always incomplete, ambiguous, and highly vola-
tile. The different communication languages used among stakeholders are prone to
misunderstanding.

To meet those challenges, many collaborative RE methods have been proposed.
For example, Joint Application Development (JAD), Quality Function Deployment
(QFD) and Cooperative Requirements Capture (CRC) have been proposed to rein-
force the communication between stakeholders and analysts. But most traditional
approaches lack the capabilities to gather requirements clearly and completely in a
natural flow [5], as the requirements analysts always dominate the RE process. There-
fore, the quality of the elicited requirements heavily depends on the knowledge and
the experiences of the requirements analysts.

To reduce the requirements analysts' dominance and promote stakeholders' self-
expression and self-improvement, a Business Process oriented Collaborative Re-
quirements Acquisition and Refining (BPCRAR) method is proposed [6].

This paper reports the results got from a controlled experiment to evaluate the ef-
fectiveness and usefulness of the BPCRAR method. We discuss the quantitative and
qualitative findings of our empirical study and their potential for improving the
BPCRAR method. These findings indicate that BPCRAR could be considered as a
promising method to capture and refine business process oriented requirements.

The remainder of this paper is organized as follows: Section 2 introduces related
work about collaborative RE. Section 3 outlines BPCRAR. Section 4 presents the
empirical work conducted to evaluate BPCRAR. Section 5 discusses possible threats
to validity. Section 6 presents our conclusions and further work.

2 Collaborative Requirements Elicitation

Group work is a common way to elicit requirements collaboratively through the pro-
motion of stakeholders' cooperation and commitment [7]. Brainstorm, JAD and Focus
Group are all typical RE Group meeting methods. Group meeting have two modes:
face-to-face mode and online mode. Due to the number of stakeholders that may be
involved, face-to-face mode group meeting is difficult to organize and schedule; and
online mode group meeting becomes popular. The RE methods such as WinWin[8],
EasyWinWin [9], CoREA [10] and Athena [11] all support both modes by electronic
tools. In addition, many studies have been proposed to facilitate the communication
and participation of distributed stakeholders mainly from the computer supported
cooperative work, such as RE-specific wikis [12] and iRequire [13]. Last but not
least, some studies are focused on utilizing the stakeholders’ profile, the social net-
work among stakeholders and data mining technology to generate effective recom-
mendation mechanism to promote the collaboration in RE, such as [14] [15].
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All these studies concentrate on facilitating the stakeholders’ participation. The
BPCRAR method is also a collaborative method and mainly focused on the business
process oriented requirements’ acquisition and refining. It is a solution about how to
refine requirements from group stories to formal expression (i.e. business process
models) based on progressive refinement.

3 Overview of BPCRAR

The BPCRAR method is proposed to promote stakeholders' self-expression, self-
improvement and collaboration. It adopts the group storytelling [11], dialogue game
[16], and narrative network modeling (NNM) [17] to facilitate collaboration and
communication. The overview of BPCRAR is shown in Figure 1. It consists of four
activities: ¢ group storytelling”, “create abstraction”, “build formal presentation”, and
“dialog game”. The first three activities form a fountain model [18] from concreteness
to abstraction and the activity of “dialog game” is a sub activity throughout the three,
which provides the interaction rules and acts as a refining wheel to guide stakehold-
ers’ expression. The whole process and each activity in the process can be iterated
until the final artifacts are gained and validated.
There are three essential roles in BPCRAR: Teller, Facilitator and Modeler.

e Tellers are stakeholders whose expectations are crucial to the success of the sys-
tem, such as customers, users and domain experts. They can tell their expectations,
activities or knowledge about the system to be built by a series of stories.

e Facilitators are experienced professionals who mediate the processes of telling
stories, link facts, and help to produce the first level of abstraction.

e Modelers are assigned to qualified requirement analysts who can develop the
graphic business models based on the abstractions extracted from stories.
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Fig. 1. Overview of BPCRAR Method

The Activity name, Motivation, Subjects, Objects, and Results of each activity
are summarized and based on Activity Theory (AT) [19] in Table 1. The main Ac-
tions and Goals in each activity are further described in Table 2. Due to space limita-
tions, the steps (mainly including Community, Division of labor, and the Rules)
taken by BPCRAR are elaborated using the AT in [6].
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Table 1. The Motivation, Subjects, Objects and Results of each activity

Activity Motivation Subject Object Result
. . Knowledge, ex-
Al: Gr01.1p AC9UHe stakehold T, F, M | pectations and Stories
Storytelling | ers’ needs .
experiences
A2: Cre.ate Ifientlfy the scena- F.M.T | Stories BPEs/NNMs
abstraction rios Tellers refer to
formal ) Y| M,F, T | BPEs/ NNMs BPM
. business process
presentation
model

Ad: Dialo Provide rule for Issues in stories, Ideas for

arile & interaction and re- M, F, T | BPEs, BPMs and solving the
& fine requirement NNMs issues

Note: Teller (T); Modeler(M); Facilitator(F); Business Process Elements (BPE);
Business Process Model(BPM)

Table 2. The main Actions and Goals in each activity

Activity Action Goal
Set Theme Define the scope of the RE process
Al:Group Storytelling Capture stakeholders' needs
Storytellin . Provide triggers for interaction and refinin
4 £ | perform dialogue game . &8 &
acquired stories
Read stories and anno- | Set up traceable annotation for abstraction
tate creation in each story
Extract BPEs based on | Create the first level abstraction of business
A2: Create | stories process
abstraction Build NNMs Capture actual and potential paths of busi-
ness process
. Provide triggers for interaction and refinin
Perform dialogue game N £8 J
business process
A3-Build Build BPMs Create formal description of requirements
) . Provide triggers for interaction and refining
formal Perform dialogue game .
cesentation business process
P Validate the BPM Reach consensus
. Introduce new discussion topics to address
Raise Issues . . .
issues identified
Ad: Propose of Ideas Generate solutions to resolve the issues
Dialo . Clarify the reasons to support or counter
& Discuss proposed Ideas y PP
game proposed Ideas

Vote

Evaluate the proposal and reach consensus

Make decision

Select final Idea(s) to resolve the issue
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4 The Controlled Experiment

Before the controlled experiment, we have conducted two case studies to test the usa-
bility of BPCRAR in June 2013 with CS graduate students and PHD candidates in
Wuhan University. The results of the case studies help us to improve BPCRAR. The
controlled experiment was designed to validate the feasibility of BPCRAR.

4.1 Experiment Design

The experiment design refers to the guidelines proposed by Wohlin [20]. According
to the Goal-Question-Metric (GQM) [20], the goals of the experiment is to (i) com-
pare the completeness and understandability of the requirements artifacts elicited by
BPCRAR and JAD to evaluate their effectiveness; and (ii) evaluate the Perceived
Usefulness (PU), Perceived Ease of Learning (PEOL) and Perceived Ease of Use
(PEOU) of BPCRAR from the viewpoints of Tellers, Facilitators, and Modelers, (iii)
identify issues to be improved in BPCRAR. JAD was chosen as the basis for a com-
parative measure of effectiveness, because it is one of the most well-known industrial
collaborative RE method and can be executed by the CS undergraduate students [21].

The experiment includes 3 independent variables and 5 dependent variables, as
showed in Table 3. The chosen dependent variables are based on the requirements
engineering process evaluation framework [22] and the collaborative process quality
evaluation framework [23].

Table 3. Independent variables and dependent variables in the controlled experiment

Variable | Type Description
name
Role v Teller, Facilitator, and Modeler
Method IV | BPCRAR and JAD
Object v 01, O2 (as in Section 4.2)
PU DV | The degree to which participants believe that the technology
could improve his/her performance at work
PEOL DV | The degree to which participants believe that learning a partic-
ular RE method is effort-free
PEOU DV | The degree to which participants believe that using a particular
RE method is effort-free
DOC DV | The ratio of all needs are covered by the specified requirements
DOU DV | The degree to which the requirements are understandable
Note: Independent Variable (IV); Dependent Variable (DV); Degree of Complete-
ness(DOC); Degree of Understandability (DOU)

According to the experiments’ goals, the research questions and hypothesizes are:

RQ1: Is BPCRAR perceived useful from the viewpoints of Tellers, Facilitators,
and Modelers? And the following hypotheses are:

H1,: BPCRAR is perceived not useful from the viewpoints of Tellers.
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H2,: BPCRAR is perceived not useful from the viewpoints of Facilitators.

H3,: BPCRAR is perceived not useful from the viewpoints of Modelers.

RQ2: Is BPCRAR perceived easy to learn from the viewpoints of Tellers, Facilita-
tors, and Modelers? And the following hypotheses from the viewpoints of Tellers,
Facilitators and Modelers can be assigned as H4,, H5, and H6, accordingly.

RQ3: Is BPCRAR perceived as ease to use from the viewpoints of Tellers, Facili-
tators, and Modelers? And the following hypotheses from the viewpoints of Tellers,
Facilitators and Modelers can be assigned as H7,, H§; and H9, accordingly.

RQ4: Does BPCRAR produce requirements that are more complete than JAD?

H10y: There is no significant difference between the degrees of completeness of
requirements captured by BPCRAR and JAD.

RQS5: Does BPCRAR produce requirements that are more understandable than
JAD?

H11y: There is no significant difference between the understandability of the re-
quirements captured by BPCRAR and JAD.

To answer the RQ1, RQ2, and RQ3, the questionnaire includes 3 sets of closed-
questions (items) as shown in Table 4, 5 and 6. These closed-questions adopt a 7-
point Likert scale (1-Strongly Disagree, 4- Neutral, 7- Strongly Agree). The questions
to the same independent variable were randomized to prevent systemic response bias.
In addition, in order to ensure the balance of questions in the questionnaire, half of the
questions were written in negative sentences to avoid monotonous responses [24]. In
this experiment, we deal with Likert scale as interval data. According to Wohlin [20],
the Mean should be employed as a measure of central tendency and standard devia-
tion. Each subjective dependent variable was quantified by calculating the arithmeti-
cal mean of its closed-question values.

Table 4. Questions about the PU of BPCRAR

Code Question

PU1 | The “Group storytelling” activity is helpful to acquire stakeholders' needs

PU2 | The “Create abstraction” activity is helpful to identify the scenarios

The “Build formal presentation” activity is helpful to formal requirement

PU3 .
expressions
PU4 The “Dialog game” activity is helpful to provide rules for interaction and
refine requirements
Table 5. Questions about the PEOL of BPCRAR
Code Question

PEOLI | The rules & DoL of “Group storytelling” activity are easy to learn

PEOL2 | The rules & DoL of “Create abstraction” activity are easy to learn

PEOL3 | The rules & DoL of “Build formal presentation” activity are easy to learn

PEOLA | The rules & division of labor of “Dialog game” activity are easy to learn

Note: Division of Labor (DOL)
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Table 6. Questions about the perceived ease of use of BPCRAR

Code Question
PEOU1 | The “Group storytelling” activity is easy to participate in
PEOU2 | The “Create abstraction” activity is easy to participate in
PEOU3 | The “Build formal presentation” activity is easy to participate in
PEOU4 | The “Dialog game” activity is easy to participate in

For answering the RQ4 and RQ5, the dependent variables, completeness and un-
derstandability, are rated by an expert panel respectively. This panel was formed of
three Software Engineering professionals with considerable industry experience in
reviewing requirements specifications. For reducing the significant discrepancies
based on subjective judgment, they first provided an initial list of requirements on the
given topic based on their own expertise as a baseline. In the process of reviewing, the
baseline was evolved when new requirements in the artifacts proposed by subjects
were confirmed by the panel. And the final version was regarded as the baseline to
judge the degree of requirements completeness and understandability delivered by
each group. Moreover, the DOC and DOU were not only judged by the final artifacts,
BPM models, delivered by the Modeler in each group, but also referred all the arti-
facts delivered in each step. The evaluation was based on three dimensions, syntactic
quality, semantic quality and pragmatic quality independently and rated on 5-Likert
scale (5-Well above average; 3-Average; and 1-Well below average) [25].

Moreover, the questionnaire has 3 open-questions respectively from PEOL, PEOU,
and PU to get feedback from participants.

4.2  Experiment Implementation

The experiment was planned as a balanced within-subject design with a confounding
effect, signifying that the same subjects use both methods in a different order and with
different experimental objects as shown in Table 7. The method in [26] is adopted to
design the experiment. 8 group subjects participated in. Due to the participants’ avail-
ability, the experiment conducted 2 times. The second experiment (EXP. 2) was strict
replications of the first experiment (EXP. 1) with the change of subjects. Strictly rep-
licated experiment also increases the confidence of the experiment validity.

Two experimental objects O1 and O2 were selected. Ol is “Online course enroll-
ment in university” and O2 is “Online train tickets booking”. Both objects are familiar
to the subjects and the subjects can use BPCRAR and JAD to elicit the requirements
of O1 and O2 in 120 minutes.

The experiment was conducted in an Advanced Software Engineering course in
November 2013 at the Chongqing Technology and Business University. 60 third-year
BSc students major in CS participated in the experiment. The participation was volun-
tary and the participants were awarded bonus points in their software engineering
courses in return. We created 8 groups (7 participants per group), and had 4 alternates
in case promised subjects did not show. Finally, the 4 alternates were not used. Each
group involved 3 Tellers, 1 Facilitator, 1 Modeler, 1 Scribe, and 1 Observer in both
BPCRAR and JAD. The Scribes were responsible for documenting the information in
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the sessions. The Observers took charge of supervising the experiment process com-
plied with the instructions. 56 participants were assigned different roles based on their
communication capability, prior modeling knowledge, domain knowledge, speed and
clarity of writing, and the participation willingness gathered by background question-
naire. They were randomly assigned to each group based on the role assignment. Sev-
eral documents were designed as instrumentation for the experiment: training slides,
method guidelines, data collection tables and questionnaires. The experimental period
of each group was 120 minutes. But the experiment can last a little longer if necessary
to avoid ceiling effect [27]. After the experiment done, each participant (except the
Scribe and Observer) was asked to fill out the questionnaires. To achieve the effect of
single-blind experiment, the JAD groups were also asked to do the similar question-
naire, although the data would not be analyzed.

Table 7. Schedule of the controlled experiment

EXP.1
Group A Group B Group C Group D
1* Day 1. Introduce Requirements Engineering for all
(150 min) 2. Introduce JAD for all

3. Introduce BPCRAR for all

4. Introduce BPMN for Modeler

5. Train the Scribes to stenograph
Questionnaire on PEOL

2"Day Review BPCRAR Review JAD
(20 + 120
min) BPCRAR to 02 BPCRAR to O1 JAD to 02 JAD to Ol
Questionnaire on PU and PEOU
3“Day Review JAD Review BPCRAR
(20 + 120 -
min) JAD to Ol JAD in O2 BPCRAR to O1 | BPCRAR to 02

Questionnaire about PU and PEOU

(A week later)

EXP. 2 (Strictly replicated EXP. 1)

Experts review and rate

Note: O1: Online train tickets booking; O2:Online course enrollment at university

The formal JAD protocol consists of five stages: “Project definition”, “Background
research”, “Pre workshop preparation”, “The workshop”, and “Final documentation”,
and might execute several days [28]. Due to the time constraints, the subject groups in
JAD were required to perform only “The workshop”, and “Final documentation”
stages. The materials needed in the first three stages have been directly provided.
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Significant differences between the executing processes of BPCRAR and JAD in the
experiment are (i) JAD uses the structured brainstorming [28], whereas BPCRAR
uses group storytelling to capture users’ needs; (ii) JAD is mainly organized and dom-
inated by the Facilitator, while BPCRAR uses dialogue games as the negotiation rules
to guide the requirements negotiation; (iii) NNM are introduced in the BPCRAR to
capture actual and potential paths of business processes.

4.3  Experiment Results

After the whole two experiments execution, the experts reviewed the requirements
artifacts submitted from each experimental group. If a requirement not in the initial
list given by the experts, the experts will determine whether it can be a “Realizable”
or “false-positives”. ‘“Realizable” includes several notions: (i) useful for at least one
stakeholder, (ii) technically already implemented or implementable, and (iii) socially
and legally implementable. A requirement was considered “false-positive”, e.g.
beyond the target scope of the requirement elicitation or not “Realizable”. Repeat
requirements are considered only once. Discrepancies in this review were solved by
consensus.

In this section, the experimental results, the effect of the orders of experiment me-
thods and objects, and the Grader inter-rater reliability are all analyzed quantitatively
and all the hypotheses are tested by SPSS V19, with significance level a = 0.05. In
addition, qualitative analysis is applied to analyze the answers to the open questions
in the questionnaire.

4.3.1 Quantitative and Qualitative Analyses

After the EXP.1 and EXP.2 were performed, the experts reviewed all the artifacts
submitted. After thorough consideration and discussion, a total of 53 and 46 require-
ments are confirmed by experts on the experiment object O1 and O2 respectively.

Table 8. Overall results about the each perceived measure items

. Teller (n=24) Facilitator (n=8) Modeler
Perceived .

Measures Question (n=8)
Mean STD Mean STD Mean | STD
PU1 5.17 1.34 5.13 0.99 5.25 1.28
PU PU2 4.96 1.04 5.38 0.92 5.13 1.25
PU3 4.96 1.04 5.13 0.84 5.25 0.89
PU4 5.17 0.96 5.25 0.89 5.13 1.36
PEOLI1 4.96 0.96 4.63 1.06 4.88 0.64
PEOL PEOL2 4.88 0.85 4.75 0.89 4.88 0.84
PEOL3 4.71 0.86 4.75 0.89 5.00 0.76
PEOLA4 4.54 0.88 4.88 0.84 5.00 1.07
PEOU1 5.13 0.95 4.88 1.46 4.88 1.25
PEOU PEOU2 5.13 0.80 4.50 1.31 5.00 0.93
PEOU3 4.79 0.98 5.38 0.92 5.25 1.17
PEOU4 4.79 1.02 4.75 0.89 4.13 0.84
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In order to enlarge sample size to get hypothesis testing by statistical test method
[29], the corresponding data from EXP.1 and EXP.2 are merged.

Table 8 shows the results of descriptive statistics for each perceived items of dif-
ferent roles. The mean scores are all superior to 4 points (neutral score in the 7-point
Likert scale), which indicate that Tellers, Facilitators and Molders all showed positive
attitude, “slightly Agree”, toward the PU, PEOL and PEOU for each activity in
BPCRAR. Furthermore, the mean and standard deviation of each perception-based
variable from each role is calculated to analyze the whole method respectively as
shown in Table 9. The results show that different roles of the subjects showed positive
attitude, “slightly agree”, toward the PU, PEOL and PEOU for the whole BPCRAR.

The hypotheses HI-H9 were tested by verifying whether the scores that the sub-
jects assign to the PU/PEOL/PEOU are significantly better than the neutral score on
the Likert-scale. Shapiro-Wilk test is adopted to test the normality of the data distribu-
tion. The data of H1 to H4 and H6 to H9 are normally distributed (p-value > 0.05),
therefore, one-tailed one sample t-test are adopted; and the data of H5 are not normal-
ly distributed (p-value < 0.05), thus, the Wilcoxon signed-rank test was adopted to
test HS. The results in Table 10 state clearly to reject all the hypotheses, namely that
the subjects perceived the BPCRAR as easy to learn, easy to use, and useful.

Table 9. Summary of the results of the perceived-based variables

Teller (n=24) | Facilitator (n=8) | Modeler (n=8)

Dependent variable 0 0 "o T Mean | STD | Mean | STD
PU 506 | 083 | 522 | 073 | 517 | 1.13

PEOL 477 | 075 | 475 | 082 | 494 | 0.73
PEOU 496 | 0.62 | 488 | 089 | 481 | 0.86

Table 10. Hypothesis test for perception-based variables

p-value Whether to reject null hypothesis

H1 | 0.000(<0.05) | Yes(BPCRAR is perceived as useful by Tellers)

H2 | 0.001(<0.05) | Yes(BPCRAR is perceived as useful by Facilitators)

H3 | 0.011(<0.05) | Yes(BPCRAR is perceived as useful by Modelers)

H4 | 0.000(<0.05) | Yes(BPCRAR is perceived as ease to learn by Tellers)
H5 | 0.013(<0.05)" | Yes(BPCRAR is perceived as ease to learn by Facilitators)
H6 | 0.004(<0.05) | Yes(BPCRAR is perceived as ease to learn by Modelers)
H7 | 0.000(<0.05) | Yes(BPCRAR is perceived as ease to use by Tellers)

HS | 0.014(<0.05) | Yes(BPCRAR is perceived as ease to use by Facilitators)
H9 | 0.016(<0.05) | Yes(BPCRAR is perceived as ease to use by Modelers)

? Result obtained with the 1- tailed Wilcoxon signed rank test

Table 11 shows the descriptive statistics for the performance variables in each ex-
periment. Bold cells indicate that the completeness and understandability of require-
ments elicited by BPCRAR are higher than those elicited by JAD in both EXP.1 and
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EXP.2. As the distribution was normal, the parametric one-tailed t-test was applied to
verify the significance of the means. The results in Table 12 state clearly to reject the
null hypotheses H10, and H11,. To guarantee the scorer reliability, the Kendall's
coefficient of concordance was adopted to judge the inter-rater reliability of three
experts, which validate the reliability (Completeness: W = 0.754, p =0.003; Unders-
tandability: W =0.718, p =0.006).

Table 11. Descriptive statistics for the performance variable

Performance Method | Min | Max | Mean | STD
Measures
BPCRAR | 2.67 | 3.67 | 3.17 | 043
JAD 200 | 333 | 258 | 057
BPCRAR | 3.00 | 400 | 3.50 | 0.43
JAD 200 | 3.67 | 283 | 0.69
BPCRAR | 2.67 | 400 | 3.17 | 0.58
JAD 200 | 333 | 250 | 0.58
BPCRAR | 2.67 | 400 | 3.33 | 0.54
JAD 233 | 3.67 | 292 | 057

EXP.1 Completeness

EXP.2 Completeness

EXP.1 | Understandability

EXP.2 | Understandability

Table 12. Hypothesis test for the performance variables

p-value Whether to reject null hypothesis
HI10 (g(;)(l)g) Yes (BPCRAR produces requirements more complete than JAD)

0.035 | Yes(BPCRAR produces requirements more understandable than

HIT 005 | 1aD)

To test the effect of the order of both independent variables, RE methods and expe-
rimental objects, the method in [26] is adopted.

Suppose difference function Diff;= observation,(A) — observation,(B), where x de-
notes a particular subject group, and A, B are the two possible values of one indepen-
dent variable. We created Diff variables from each performance dependent variable.
And the statistic results show that the orders of the independent variables have no
significant influences on the dependent variables as shown in Table 13 ( all the p-
values obtained are greater than 0.05).

Table 13. The effect of the orders of methods and experimental objects

Orders Dependent variables EXP.1 EXP.2
Methods Completeness No(0.937)" | No(0.394)
Understandability No(0.394)" | No(0.699)*
Experimental objects Completeness No(0.818)" | No(0.515)
Understandability No(0.515) | No(0.687)
* Result obtained with the Mann-Whitney non-parametric test
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Finally, a qualitative analysis was performed to analyze the answers to the open-
questions in the questionnaire. Most of the subjects confirmed that BPCRAR
promoted the discussions by clarifying the Dol and getting people more involved.
However, 2 Facilitators indicated that the “Create abstraction” was heavy workload,
and 1 Modeler indicated that it was not easy to remember and follow the instructions
in “Dialogue Game”. The participants suggested that BPCRAR might be more user-
friendly if appropriate tools could be adopted to fulfill the tasks like role assignment,
story recording and annotation, and group negotiation. Last but not least, participants
suggested that more detailed guidelines and typical examples should be provided to
facilitate the execution effectively and efficiently.

4.3.2 Summary of Results

For perception-based measurement, the analysis indicates that all the null hypotheses
(H1¢-H9) are rejected. Namely, BPCRAR is perceived useful, easy to learn, and easy
to use in requirements acquisition and refining from the viewpoint of tellers, facilita-
tors and modelers respectively. However, the relatively high standard deviations
existed in the Table 8 indicate that a few participants have different opinions. With
regard to PEOL, the mean of tellers’ feedbacks on PEOL4 (Dialogue game) and the
mean of facilitators’ feedbacks on PEOLI1 (Group storytelling) are 4.54 and 4.63 re-
spectively, which are relatively low. This implicates that more detailed guidelines and
examples should be provided in these activities, which complied with the feedback
got from the answers to the open-questions. With regard to PEOU, the mean of facili-
tators’ feedbacks on PEOU2 (Create abstraction) and the mean of modelers’ feed-
backs on PEOU4 (Dialogue game) are 4.54 and 4.13 respectively, which is relatively
low. It suggests that computer-aided functions should be provided to improve the
effectiveness and reduce the workload of these activities.

For performance-based measurement, the results of experiments indicate that all
the null hypotheses (H10p-H11,) are rejected. Namely, BPCRAR produces require-
ments more completely and understandably than JAD. In addition, the results from
each experiment (as shown in Table 11) indicate that BPCRAR is superior to JAD in
terms of minimum, maximum and average. Furthermore, the means of two perfor-
mance indicators of BPCRAR are greater than 3 (the neutral score), which indicates
that the results are superior to the average level. Meanwhile, the standard deviation of
BPCRAR in each experiment is smaller than that of JAD, which indicates that
BPCRAR is more stable in terms of DOC and DOU.

The discussion above indicates that BPCRAR could be considered a promising me-
thod for collaborative requirements acquisition and refining.

5 Threats to Validity

The main threats to the internal validity come from: learning effects, subjects’ expe-
riences, information exchange among groups, and understandability of the training
documents. The differences of learning effects were alleviated by ensuring that each
participant applied both method to different experimental objects, and all the possible
order combinations were considered. And the effects of the orders of the methods and
the experimental objects were evaluated by statistical tests and the results proved its
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validation. Subjects' experiences may influence the execution of the experiments. To
alleviate this threat, the pre-questionnaire was introduced to guide the subjects' as-
signment. Besides, we conducted sufficient training for both methods. To minimize
the information exchange among groups, each group had a separate room to perform
the task. But EXP.1 and EXP.2 took place on two different weeks. It is difficult to
guarantee no information exchange happened. In order to alleviate this situation, at
least to some extent, the participants were asked to return all the material at the end of
each experiment. Finally, understanding biases of the training material were alleviated
by clearing up all the misunderstandings in the experiment session.

The main threats to the external validity are: using students as subjects, and the
objects’ selection criteria. In our study, the students are acceptable as subjects since
nobody has previous experience with any method. To balance the abilities of each
group, the pre-questionnaire was conducted and used as the evidence of grouping.
The experiments objects “online train tickets booking” and “online course enrollment
in university” are selected because both of them are familiar to the undergraduates
and have similar sizes and complexity. In future, conducting the experiments in indus-
trial should be highlighted.

The main threats to the construct validity are: measures that are applied in the
quantitative analysis and the reliability of the questionnaire. Measures adopted in the
quantitative analysis are those commonly employed in empirical RE experiments
[22]. The reliability of the questionnaire is tested by the Cronbach test. Questions
related to PU, PEOL, and PEOU obtained a Cronbach’s alpha values that are all high-
er than the acceptable minimum (0.70) [20]. One limitation of our experiment is that
lack of the investigation on other factors (e.g., traceability, verification, accuracy)
may influence the method adoption in practice. Another limitation is the lack of use of
Technology Acceptance Model (TAM) [30]. In our study, the questionnaire items in
“perceived of usefulness of BPCRAR” and “perceived of ease of use of BPCRAR”
dimensions mainly based on measurement of each activity in BPCRAR and not based
on TAM. Since TAM is one of the most widely applied theoretical model to
study user acceptance and usage behavior of emerging information technologies, and
it has received extensive empirical support through validations and replications, we
plan to design questionnaire according to TAM in the future replicated experiment.

The main threat to the conclusion validity is the validity of the statistical tests ap-
plied. This was alleviated by applying the most common tests that are employed in the
empirical software engineering [20]. However, more replications are preferred to
confirm these results.

6 Conclusion and Future Work

This paper presents a controlled experiment to evaluate BPCRAR. The completeness
and understandability are evaluated in comparison to JAD and the statistic results
show that BPCRAR is superior to JAD in both aspects. Meanwhile, the PU, PEOL,
and PEOU of BPCRAR are evaluated from the viewpoint of different roles by ques-
tionnaire. The statistic results show that stakeholders recognize its usefulness, ease to
learn, and ease to use. According to the validity analysis, more experimentation
should be performed to confirm the results.
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As future work, we plan to replicate the experiment by considering subjects with

different levels of experiences in RE (e.g. industrial practitioners) and objects in other
business domains. In addition, implementing the collaborative RE tool based on the
Mediawiki and its extensions to support the method is our next step.
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