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ABSTRACT

Inspection is considered a powerful method to check software
documents for defects. Many published work shows that
inspections in requirements specification phase are particularly
effective and efficient. Perspective-Based Reading (PBR) is one
of the systematic techniques to support defect detection in
requirements documents. In this paper we describe an experiment
to validate the effectiveness of PBR in a meeting-based N-fold
inspection. Our goals were: (1) re-test the hypothesis of the
original experiment that PBR helps to increase individual and
team defect detection effectiveness compared to an checklist
approach; (2) investigate the different impact of PBR and
checklist on the effectiveness of N-fold team meeting; and (3)
investigate some interesting characteristics of PBR (e.g. the
relationship between background experiences and performance of
the subjects). The results of the study showed that PBR was
significantly more effective than checklist (supporting the original
study). We also found that the team meeting is much more
important for checklist teams, based on the number of meeting
gains and the number of false positives eliminated. Finally, we
found that teams using the PBR techniques have less overlap in
their defect detection than those using checklist. The ultimate goal
is to provide best practices (guidance) for applying PBR in
software inspection and also some advice for PBR (or software
inspections) process improvement.
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1. INTRODUCTION

Defects in the software system requirements, design or code, are
usually considered an unavoidable aspect of software
development. The later the defects occur in software development
life cycle, the more difficult to detect and correct them. Thus,
discovering and removing defects early is crucial to the success of
software development projects. Most published work shows that
an inspection by qualified reviewers is an effective and efficient
way to remove defects [12]. In particular, inspections in the
software requirement specification (SRS) phase [2, 18] can detect
most of the inconsistent or incorrect defects in requirements and
therefore greatly contribute to the overall system quality.

The inspection process typically consists of several phases:
planning, overview, defect detection, defect collection, and
follow-up [2]. The defect detection, usually done by individual
reviewers and the defect collection, often done during a meeting,
are the two central steps to this process. The emphasis on these
two phases varies with the inspection approach. On one end of the
spectrum is the walkthrough, in which the emphasis is on the
defect collection team meeting [6]. In a more formal inspection
process, such as that proposed by Fagan [5], the individual team
members have specific preparation responsibilities prior to the
tem defect collection meeting. So in the formal inspection
process, much of the defect detection is done prior to the meeting.

Much of the previous research in the software inspections area has
focused on understanding these two phases in isolation. For
example, there has been previous research focused on how to
structure the team meeting including the N-fold Inspection process
[14] and the Phased Inspection process [11]. Other researchers
have called into question the need for a team meeting [17, 30].

There has also been considerable research done in the individual
defect detection phase. During this phase, reviewers scrutinize a
software artifact and apply some technique to elicit defects.
According to Porter, the reading techniques play the key role in
improving the effectiveness of software inspection rather than the
changes in the structure of inspection process [19]. So far, several
inspection techniques have been proposed in the literature. They
range from intuitive, nonsystematic procedures, such as Ad Hoc
or Checklist techniques [4, 5], to explicit and systematic
procedures, such as Defect-based Reading [18], Perspective-based
Reading (PBR) [2], Object-Oriented Design Reading [24], and
Usability-based Reading [32]. It is necessary to gather the
knowledge about the practical benefits of these techniques to
better support the inspection process.



Much of the previous work on PBR has focused on comparing its
performance to that of a checklist during the individual
preparation phase without taking the team meeting into account.
Similarly, the two competing lines of research (meeting structure
vs. inspection techniques) have rarely examined the interactions
between these two variables. Therefore, it is not clear from the
previous research if the benefits that PBR provides over a
checklist will still be true in the context of a specific inspection
methodology such as N-Fold inspections. In this paper, we
address this question.

Section 2 describes the previous related work, followed by
Section 3, which discusses the research hypotheses and
experimental design. In Section 4 we discuss the results, and
provide an interpretation in Section 5. Section 6 provides
conclusions and future work.

2. RELATED WORK

To investigate the interaction between PBR and the N-fold
inspection method, we must cover related work from both of these
areas.

2.1 PBR

PBR is a systematic technique that supports the defect detection in
a software artifact (e.g. SRS). The basic idea is that PBR
reviewers stand in for specific stakeholders of the SRS to verify
its correctness [2]. In this way PBR offers the beneficial attributes
such as more effective, systematic, focused, goal-oriented and
customizable, transferable via training [26]. Naturally, we need
empirical studies that evaluate the performance of PBR and other
reading techniques to verify these claims.

The original experiment to test the effectiveness of PBR was
conducted with professional software developers from the
National Aeronautics and Space Administration/Goddard Space
Flight Center (NASA/GSFC) Software Engineering Laboratory
(SEL). The main results of the original experiment support the
hypothesis that individual using PBR performed better than using
the checklist approach, especially when they were less familiar
with the domain [2]. Later on, a series of replicated experiments
were conducted by different researchers [2, 4, 10, 13, 18, 23].
Their results basically support the findings of the original
experiment that individual and teams perform better using PBR
than a checklist approach for defect detection. They also analyzed
other characteristics of PBR, such as the relationship between
PBR and detection of particular defect classes, and the
performance of real teams vs. simulated teams. The results of such
studies tend to indicate that there is less overlap in the defects that
are found by PBR inspections as compared with checklist
inspections.

The number of subjects in these experiments is often low, so it is
necessary to conduct replications of the original experiment in
similar environments to increase the confidence in the results [4].
Furthermore, because the experiment settings of each replication
may be slightly different, performing the replication helps to gain
an insight of the properties of PBR that have never been
investigated before [25].

2.2 N-fold Inspections

The N-fold inspection method [21, 22, 29] is a technique where
multiple inspections on the same artifact are carried out in
parallel, by some number (N) of teams. Improved inspection
performance can be expected based on the hypothesis that a single
inspection team can detect only a subset of the total number of
defects and that multiple inspection teams can detect (more)
unduplicated defects [14]. Team meetings are one way to collate
the inspection results from different teams. Studies show that team
meetings, particularly the collection meetings, have the benefit of
finding new faults, undetected by individuals working separately
[5, 29]. Often these meetings result in a meeting gain of
approximately 5% (i.e. the number of new faults detected during
the detection meeting divided by the total number of defects) [8,
12, 13, 14, 21, 22, 24]. Conversely, team meetings have proven
costly in terms of coordination overhead - additional time resulted
from the scheduling conflicts [1, 22], and lengthened
development time [8, 30]. The empirical results from some
controlled experiments indicate that meeting-based inspection is
not necessarily more effective than meetingless inspection [17,
30].

Based on this previous work, it was not clear what impact using
the N-fold inspection process would have on the relationship
between PBR and a checklist. To investigate this question, we
conducted an experiment with students of Computer Science &
Engineering Department at the Mississippi State University to
evaluate the effectiveness of PBR and checklist approach in the
context of a meeting-based N-fold inspection. In this study, we
replicated the original experiment, with two changes. First we
used a real SRS document, and second, we used the N-fold
inspection process. We first wanted to validate the results of the
previous experiments and then investigate the impact of the new
N-fold inspection context

3. THE EXPERIMENT

Our experiment was conducted as part of a graduate requirement-
engineering course at Mississippi State University in the Fall of
2005. The experiment was run as a course project helping
students to gain hands-on experiences of the inspection of SRS.
The project was not graded, but the participation and contribution
of the students influenced their final grades, so we can be
confident that the students participate seriously in the experiment.
Twelve subjects participated in this study

3.1 Research Questions and Hypotheses

We use the Goal Question Metric (GQM) approach to define the
goals for this study. Staring with some goals and hypotheses from
the original study [4], and adding some specific to our replication,
we obtained the following goals and hypotheses::

Goal 1: Analyze PBR and checklist reading techniques for the
purpose of their evaluation with respect to their effectiveness for
individuals

Hypothesis 1: individuals applying PBR perform better than
individuals using reading techniques with respect to their
mean defect detection rate.

Hypothesis 2: The experience of the subjects has no influence
on their mean defect detection rate.



Goal 2: Analyze PBR and checklist reading techniques for the
purpose of their evaluation with respect to their effectiveness for
teams

Hypothesis 3: Teams applying PBR perform better than teams
using a checklist with respect to their mean defect detection
rate.

Goal 3: Analyze PBR and checklist reading techniques for the
purpose of their evaluation with respect to their impact on the
effectiveness of team meetings in N-fold inspection

Hypothesis 4: There is a difference between the meeting gains
in the meeting-based N-fold inspection depending on whether
teams used PBR or a checklist.

Hypothesis 5: There is a difference between the meeting loss
in the meeting-based N-fold inspection depending on whether
teams used PBR or a checklist.

Goal 4: Analyze PBR and checklist for the purpose of evaluation
with respect to detecting unique defects

Hypothesis 6: The overlap of commonly detected defects
among perspectives in PBR teams is lower than the overlap
among individuals in checklist teams.

Goal 5: Analyze PBR and checklist reading techniques s for the
purpose of evaluation with respect to detecting defects in different
parts of the document

Hypothesis 7: Defects detected by PBR are more evenly
distributed over the whole SRS document than those
detected by checklist.

3.2 Variables

The experiment manipulates two independent variables:

1. The reading technique (RTECH). Subjects either applied
PBR or checklist approach to review the SRS document to
detect defects.

2. The background experience of subjects (EXP). Though
subjects are all graduate students, they have varied levels of
background experiences. Some of them have previous
industry experiences, while others only have experiences of
class projects.

The reading technique is the treatment variable of our experiment.
The other variables allow us to access several potential threats to
the experiment’s internal validity. We also measure the following
dependent variables.

1. The individual defect detection rate (IDDR): the number of
the real defects reported by individual subjects (see section
3.3 for definition of real defects).

2. The team defect detection rate (TDDR): the number of the
real defects reported by each team.

3. The meeting gains (MG): the number of the defects newly
detected during each meeting divided by the total number of
real defects reported by this team, represented in percentage.

4. The meeting loss (ML): the number of individually detected
defects not subsequently recorded during the meeting divided

by the total number of real defects reported by this team,
represented in percentage.

3.3 Design

The experiment described in this paper is a replication of the
original PBR study [2] with some modifications. After describing
the overall experimental design, we will recap the differences
between our replication and the original study.

3.3.1 Subjects

The subjects of the experiment were 12 graduate students of the
Computer Science Department at the Mississippi State University,
enrolled in Requirement Engineering course in the fall semester,
2005. The experience of the subjects varied greatly, from many
years of industry experience to no project experience at all. In
order to balance the checklist and PBR groups, we split the
subjects into two groups - a high experience group and a low
experience group, based on the background questionnaire they
filled out at the beginning of the experiment. A subject was
classified into the high-experienced group if he or she had
industrial experience in at least one third of areas covered by the
background questionnaire (discussed in Section 3.4). The rest of
the students were classified as low-experienced because most of
their previous experience was in the classroom and not in
industry.

We then randomly split the subjects into 2 Checklist teams of 3
subjects each and 2 PBR teams of 3 subjects each, while ensuring
that the high-experienced subjects were evenly split between the
two. Within the PBR teams, one person was randomly assigned to
each of the three perspectives so that each PBR team had a user
perspective, designer perspective, and a tester perspective.

3.3.2 Artifact Inspected

The SRS for this study was a real-world requirement document
for an SQL upgrade to an appeals tracking system prepared for
National Labor Relations Board. Because this SRS was a real
document, unlike the SRS used in previous experiments, it was
not seeded with a set of known defects before the study. This fact
made it more difficult to compute the defects detection rate of the
individuals or teams because we did not know exactly how many
defects exist in the document. As a solution to this problem, we
collected the final defect lists submitted by each team after the N-
fold inspection ended (described in more detail later in this
section) and came up with a master defect list. We considered the
defects on this master list as the real defects. In reality, this is
what happens in the software development process in real world.
Anything in the SRS that stakeholders (e.g. users, designers, or
testers, etc.) think as ambiguous, inconsistent or incorrect is
marked as a defect. Then, the requirement author has the
obligation to correct the defect, e.g. adding more details or
domain knowledge to clarify the ambiguity.

3.3.3 Experimental Operation

The first step was to train the subjects in their assigned technique.
On the day of the training the checklist subjects and the PBR
subjects went into different classrooms to receive their training.
The training sessions were conducted during one lecture meeting
for the course (1 hour). The training for the checklist reviewers
included a discussion with the course professor about general
requirements quality attributes. From this discussion, the 6



checklist subjects along with the professor developed a checklist
to guide their inspection of the SRS. The training for PBR was
done by an expert in PBR and included a discussion of the theory
behind the techniques as well as a case study that provided an
example of their use. After the training, the PBR subjects were
provided with a detailed protocol to follow to guide their
individual inspection.

After the training, the subjects began the study. The first step was
to perform an individual inspection of the SRS using either the
checklist of their assigned PBR perspective. During this time,
each subject reviewed the document and recorded all of the
defects he or she saw on a defect form provided by us. The
subjects were given 2 days to perform this task. Once the three
members of a team were done with their individual inspections,
they met together in the first team meeting. There were four of
these meetings (Team 1 and 2 were checklist reviewers and Team
3 and 4 were PBR reviewers). During this meeting, the subjects
discussed the defects found by each team member and came up
with an agreed on final defect list. During this process the team
could add new defects that were not found by any reviewer, and
eliminate defects from team members’ lists that all did not agree
with. Finally, the two checklist teams met together and the two
PBR teams met together for a second round of meetings. In these
six-person meetings, the reviewers examined the two 3-person
team defect lists and came up with a final list that all six members
agreed with. The experimental design is summarized in Figure 1

3.3.4 Differences between Replication and Original
There were three main differences in this study as compared with
the original. First, in this study the subjects were graduate
students in a requirements engineering class, while in the original
study, the subjects were NASA professionals. The second
difference was the artifact inspected. In the original study, the
subjects inspected two generic documents and two domain
specific documents, all created by the researchers for the purpose
of conducting the study. In our case, the subjects inspected a real
SRS prepared for a government agency (that had already
undergone some review and correction).

Finally, the major difference was the use of the N-fold inspection
process. In the original study, the subjects did not even meet as a
team, the team defect lists were simulated. In our study, not only
do the team members meet, we have a second round of meetings
including all reviewers who used the same approach (checklist or
PBR). One reason for investigating the importance of the meeting
is due to the mixed results of previous studies. The original study
simply ignored the impact the meeting could have, while later
studies suggested that the real team meetings may have little
impact on the final outcome [13].

3.4 Data Collection

The data collection procedure was designed to fit the experiment
procedure. Where possible, we used the same data collection
forms as the original experiment [2], with a little modification
adjusted to our context. For example, we deleted some
background questions in the experience questionnaire (e.g.
experiences in coding) because they did apply to subjects in our
experiment.
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Figure 1 - Experimental Design.

We used a series of forms to collect data. At the beginning of the
experiment, the subjects completed the background and
experience questionnaire, which was used to group the subjects.
This questionnaire asked the students about their previous
programming experience, their experience working with
requirements documents, their experience in design and testing,
and their experience with inspections. The next form, the defect
report form, was used to record information about the defects
detected by each subject. This defect form was produced by each
individual subjects (12 total), by each 3-person team (4 total) and
by each 6-person team (2 total). Finally, the subjects completed a
post-study questionnaire, to provide feedback on the technique
they used and the experiment in general.

4, RESULTS

In this section, we conducted the data analysis to test the
hypotheses mentioned in section 3.1. We chose the significant
level « =0.1due to our small sample size.

4.1 Analysis of Individual Performance

Before we analyzed the individual performance with respect to
defects detection effectiveness, we first run a 2-way ANOVA test
to determine the interaction between two independent variables,
i.e. reading techniques (RTECH) and background experiences of



subjects (EXP). The results indicate that the interaction between
RTECH and EXP is not significant ( F,, =2.061, p=0.189).

The results also revealed a significant effect of RTECH
(F,,=6.388, p=0.035) and non-significant effect of EXP

(Fp, =3.239, p=0.110).

So we ran an independent-samples t-test and Mann-Whitney test
to analyze the effect of reading techniques and subject’s
experiences on the individual defect detection effectiveness
respectively. The advantage of the Mann-Whitney test over t-test r
is that the former does not assume normal distribution of the
variables. The box plots of the individual detection rate (IDDR)
grouped by RTECH and EXP are shown in Figure 2 and Figure 3
respectively. These results basically confirm the results from 2-
way ANOVA test. The difference between the mean IDDR of
individuals applying PBR and checklist is significant in both tests
(t,,=-2.286, p=0.045 [t-test]; u=4.5, p= 0.029 [Mann-Whitney]),

while the difference between subjects having high experiences
and low experiences is not significant in both tests (t,=-1.862,

p=0.092 [t-test]; u=7.5, p= 0.101 [Mann-Whitney]).
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Figure 2. Boxplots of IDDR for Reading Techniques.
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To examine these results in more detail, we analyzed the
effectiveness of individuals applying each PBR perspective. The
boxplot of IDDR grouped by different perspectives and checklist
technique is shown in Figure 4. It shows that each perspective
performed better than individuals applying checklist techniques in
terms of IDDR. Due to the small number of data points, we did
not perform any further statistic analysis.
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Figure 4. Boxplots of IDDR for PBR perspectives.
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4.2 Analysis of Team Performance

To analyze the team performance in defects detection, we also
applied the independent-samples t test and Mann-Whitney test to
test for significant difference between means of team defect
detection rate (TDDR) in two groups (PBR and checklist). Figure
5 presents the bar chart for the TDDR of each team. It shows that
both PBR teams detected more defects than checklist teams did.
The analysis results (t,=-3.579, p=0.070 [t-test]; u=0, p= 0.121

[Mann-Whitney]) reveal that difference between the effectiveness
of teams applying PBR and checklist is significant for t-test while



not significant for Mann-Whitney test. These results indicate a
trend showing that teams applying PBR performed better than the
teams applying the checklist technique in terms of defect detection
effectiveness, though the statistic result is not as strong as that of
individual performance in 4.1.

4.3 Analysis of Team Meetings

We evaluated the effectiveness of team meetings in N-fold
inspection in terms of the meeting gains (MG) and meeting loss
(ML), defined in Section 3.2. Table 1 shows the effectiveness of
all the team meetings in our N-fold inspection. Same as above, we
ran an independent-samples t test and Mann-Whitney test to test
our hypotheses. The boxplots of MG and ML grouped by RTECH
are shown in Figure 6 and Figure 7 respectively. It shows that the
meetings of checklist teams achieved more meeting gains and
meeting loss than those of PBR teams. The results indicate that
difference between the meeting gains achieved by using PBR and
checklist techniques is significant (t, =3.031, p=0.039 [t-test];

u=0, p= 0.046 [Mann-Whitney]), while the difference between
meeting loss is not significant (t, =-1.709, p=0.163 [t-test]; u=1.0,

p=0.127 [Mann-Whitney]).

Tablel. Effectiveness of Team Meetings

Team 3 Person meeting 6 person meeting
Meeting checklist PBR checklist | PBR
M1 M2 M3 M4 M5 M6
Meeting | 6% 8% 3% 0% 3% 0%
Gains
Meeting 58% | 28% 10% 9% 10% 3%
Loss
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Figure 6. Boxplots of Meeting Gains for Reading Techniques.
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Figure 7. Boxplots of Meeting Loss for Reading Techniques.

4.4 Analysis of Defects Overlap

For each team, we analyzed the overlap of the detected defects
among team members, that is, the number of defects found by
more than one team member. Figure 8, Figure 9, Figure 10 and
Figure 11 show the results of the overlap analysis for Team 1,
Team 2, Team 3 and Team 4 respectively. The Venn diagrams
show the percentage of defects on the team list that fall into each
category along with the actual number of the detected defects in
parentheses below. For example, in Figure 8, the same 3 defects,
or 30% of the team total, were reported by both S2 and S3. Since
the members of PBR team were from different perspectives
respectively, Figures 9 and 10 also show the results of overlap
analysis for PBR perspectives. These results show that there is
little overlap among different PBR perspectives. The bar chart for
the overall overlap (the sum of overlaps) of each team is shown in
Figure 12. The results indicate that the number of overlapped
defects is small in all four teams, but the teams applying checklist
technique have a higher percentage of overlapped defects than the
teams applying PBR.
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4.5 Analysis of Defects Distribution

To determine whether PBR or checklist helps the review team do
a better job of finding defects through the document as opposed to
focusing on only some sections, we compared the distribution of
defects detected by PBR and checklist. Figure 13 shows analysis
results of the defect distributions. The X axis shows the section
number of requirements in the SRS where the defect was detected
e.g. 2.1. The Y axis shows the number of defects detected in each
section using each approach. To show the comparison more
clearly, we assigned a negative value to the number of defects
detected by checklist, so defects distribution line for checklist was
shown below the X axis. For example, the checklist technique
found 5 defects in section 2.1, so on the figure that became -5 at
position 2.1. This approach allows us to more easily compare the
number of defects detected by each approach in each section of
the SRS. The results indicate that the defects detected by PBR are

spread more evenly over the whole SRS document, while those
detected by checklist tend to be focused only in some parts of the
document.
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Figure 13. Distribution of Defects Detected in SRS.

5. DISCUSSION
5.1 Threats to validity

A potential problem in any experiment is that some factor may
affect the dependent variable without the researcher’s knowledge
[7]. This possibility must be minimized. We consider two such
threats: (1) selection effects and (2) instrumentation effects.

Selection effects are due to natural variation in the performance of
the subjects. As we mentioned before, subjects in our experiment
have varied level of experience in software development.
Therefore, the difference in subjects’ natural ability will mask the
difference in the reading techniques performance [18]. To limit
this effect, we test the interaction of subject’s experiences and



techniques used in section 4.1. Though the result showed that the
interaction is not significant, it was probably due to the way we
classify the experiences of a subject as “high” or “low” (see
section 3.5). We chose this criterion based on our intuition. Its
correctness still needs to be proved by further experiments.

Instrumentation effects may result from the favorability of the
SRS to some specific reading technique. Because we had only one
SRS, we cannot control this threat in our experiment.

The small sample is also a threat to validity in our experiment.
There were only 12 subjects involved in the study, so the number
of data points is quite small for some of the statistical analyses. So
though the results showed statistic significance, more evidence is
needed before fully accepting any of the hypotheses.

5.2 Interpretation of Results
From our analysis of the experimental data, we test the hypotheses
listed in section 3.1 and come up with some findings as follows:

Hypothesis 1

Individuals applying PBR perform better than individuals
using reading techniques with respect to their mean defect
detection rate.

Results from the analysis of individual performance in Section 4.1
show that individuals applying PBR detected more defects than
those applying the checklist technique. This data supports the
results from some of the previous experiments [2, 4, 13]. In
addition, we find that individuals from each perspective all
performed better than individuals using checklist.

Hypothesis 2

The experience of the subjects has no influence on their mean
defect detection rate.

There is no significant difference between the defect detection
effectiveness of subjects who have “high” experiences and “low”
experiences. Many factors might contribute to this result. One is
the kind of information we collected about the subject’s
experiences. Another is the way we classified them (see 3.3.1).

Hypothesis 3

PBR teams applying PBR perform better than teams using a
checklist with respect to their mean defect detection rate.

The 2 PBR teams did perform better than the 2 checklist teams.
Due to the small number of data points in each group (2), there
was not a statistically significant difference between teams
applying PBR and checklist with respect to defect detection
effectiveness. If we had more data points that followed the same
trend, then this result would contradict the results from a previous
study that also analyzed the performance of real teams [13].

Hypothesis 4

There is a difference between the meeting gains in the
meeting-based N-fold inspection using PBR and checklist
reading techniques.

Hypothesis 5
There is a difference between the meeting loss in the meeting-

based N-fold inspection using PBR and checklist reading
techniques.

Because they are related, we discuss hypotheses 4 and 5 together.
There was a difference between the impact of PBR and checklist
on the effectiveness of team meetings in N-fold inspection. The
checklist teams had a significant increase in meeting gains over
the PBR teams. Furthermore, the checklist teams had a sizeable
(30% vs. 10%), but non-significant, increase in meeting losses.
One likely cause of these results is the different perspectives from
which the PBR reviewers approached the SRS. Each PBR
reviewer focused on his own perspective and was less concerned
with the perspectives of others. While for checklist team, the
subjects inspected the SRS using the same checklist and there was
more interaction among the team members during the meetings.
These results suggest that when using a less procedural technique
like a checklist, the team meeting is much more important than
when using a technique like PBR.

Hypothesis 6

The overlap of commonly detected defects among perspectives
in PBR teams is lower than the overlap among individuals in
checklist teams.

The checklist team has more defects overlap among its team
members than the PBR team. This result was also likely caused by
the fact that each PBR perspective concentrated on its own
concern with little overlap in the foci of different perspectives.

Hypothesis 7

Defects detected by PBR are more evenly distributed over the
whole SRS document than those detected by checklist.

Defects detected by PBR are more evenly distributed in the SRS
document than those detected by checklist techniques. This results
suggests that the collection of perspectives from PBR may give a
review team a more complete coverage of an SRS than three
checklist reviewers can obtain. Because each checklist reviewer is
not specifically focused on some aspect of the document, as the
PBR reviewers are, this result makes sense. We need further
research to determine whether uneven distribution of defects is
related to the characteristics of checklist technique itself
(preference to positions or defect types) or the specific SRS
document used in our experiment.

We did not perform statistical analysis for the last two hypotheses
due to the small number of data points. The results support the
basic idea of PBR in some sense. The reviewers of each
perspective focus on a particular (usually different) aspect of SRS,
so there is little overlap among each perspective, and the
combination of all the perspectives covers more parts of the
document than checklist team does.

6. CONCLUSIONS AND FUTURE WOKR
We tested the effectiveness of PBR in a controlled experiment of
the classroom environment. The subjects, graduate students at
Mississippi State University, were divided into 4 teams, two of
which used checklist approach, and two of which used PBR, to
review a real SRS document for defects. Each subject performed
an individual review and participated in two N-fold team
meetings.

The main goal of our experiment was to test the effectiveness of
reading techniques (PBR and checklist) for software inspection in
the context of N-fold team meeting. Through the analysis of



experimental data, we find that the individuals and teams applying
PBR found more defects than those using checklist. Furthermore,
checklist teams had more effective team meetings during the N-
fold inspection process. The defects detected by PBR teams
showed less overlap and were more evenly distributed through the
whole SRS document than those detected by the checklist teams.

The most important, and novel, conclusion that we can draw from
these results is that the effectiveness and necessity of a team
meeting depends greatly on the type of technique used for the
individual reviews. In the case of PBR, the team meeting served
little purpose, that is very few new defects were found while very
few false positives were eliminated from individual team
member’s lists. Conversely, in the case of a checklist, the meeting
is a necessary part of the process. In the team meetings not only
were new defects detected, but also a large percentage of defects
on the individual defect lists were eliminated as being false
positives, thus potentially saving time in the rework phase.

The design and execution of this replication has also inspired our
thoughts in the following aspects concerning the improvement of
PBR or inspection techniques in general, which leaves space for
future work:

(1) How can we improve the effectiveness of meeting-based N-
fold inspection when using PBR approach?

From the results of our experiment, we noticed that PBR teams
have a less effective team meeting in terms of team gains and loss
compared with checklist teams. One possible way to improve the
effectiveness of the meetings is to put more than one person from
each perspective in the same PBR teams. Thus more than one
member of each inspection team will have the same perspective
and follow the same inspection procedure which might allow
them to discuss more effectively during the team meeting. Future
research can be done on the relationship between the
organization/structure of the PBR teams and the effectiveness of
the team meetings.

(2) Effects of the experience of subjects

The experience of subjects concerns two aspects: their experience
in reviewing requirements documents and in participating in
software development in the role of user, designer or tester. The
findings in our experiment support the results of the original
experiment, which showed no significant relationship between
PBR defect detection rate and the experience of subjects. In our
experiment we recorded the subject’s experiences using ordinal
metrics and simplified the data by classifying them into two
groups. In the future, we could build a more complex model to
establish the relationship between the experiences and
performance of subjects. The combination of statistical analysis
methods and other techniques like genetic programming maybe a
possible approach. Other questions that need to be taken into
consideration include how to write questions about the subject’s
experience and in the right format.
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