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the quality of software through defect detection. The effectiveness and efficiency of inspection process may |
vary with respect to the number of factors such as inspection procedure, reading techniques and team size etc. |
This study focuses on identifying the effect of varying team sizes on the effectiveness and efficiency of
inspection process. An experiment is conducted to find the optimal team size for inspection process. The
experimental results shows that the effectiveness of the inspection process increases with the increase in team
size but it gets steady at specific team size. The efficiency of the inspection process decreases with the increase
in the team size.
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1. INTRODUCTION

Software Engineering is field that is devoted to cost effective timely developments of high quality
software [25].Software quality refers to the conformance of the functional and nonfunctional requirements
defined by the stakeholders of the software. Software quality can be measured by number of bugs, defects rate
(# of defects/size unit), reliability and the degree to which the product is compliant with the requirements.
Software inspection is a process during which a software artifact is inspected by a team member [26].1t provides
a number of benefits in software development. Software inspection proves to be significant to improve the
quality of software artifact such as requirement document, design document, source code etc. [22],[27].
Software inspections are important to find the defects and their root causes [16]. The most important payback of
the inspection is that they reduce the rework cost by early defect detection because as software development
phases progress the amount of rework and its cost increases. For example if development cost at requirement
stage is 6%, then the rework cost at this stage is 1%, but if the defects identified in later phases i.e. in
preliminary design or detail design phases, then rework cost at these phases increases to 4% and 8%
respectively. The author of the artifact have to perform more rework if the defects are not identified in the early
phases of development and the cost of rework almost doubles in the later phases of development, so the use of
the inspection process can reduce the rework and cost of rework by detecting defect at initial phases [3].

The generic inspection process involves activities like planning, overview, preparation, meeting rework
and follow up [7].Results of inspection process depends upon a number of factors such as inspection procedure,
training, inspection material, and team size etc. Team size refers to number of human beings involved in an
inspection process. The number of team members involved in inspection process drives the process [9]. Success
and failure of the process depends upon the involved team members [18]. Different researcher had tried to find
out the effective team sizes. Effective inspection team size may increase the error detection rate. Selecting the
right number of team members to perform the defect detection task is very important for the inspection process
to be successful [24].

This research focuses on finding the optimal team size of inspection process for effective defect detection. The
study assesses the effect of varying team sizes on the effectiveness and the efficiency of the inspection process.
The paper is organized as section one provides the introduction of software inspection, section two highlights
the related work details, section 3 discusses the experiment design, section four covers the experimental finding
and section five provides conclusion and future work details.

2. EFFECTIVENSS FACTORS OF INSPECTION PROCESS
Effectiveness refers to as percentage of defects identified in a inspection process or it also refers to as
total number of defects found [20].The effectiveness of inspection process depends upon number of conditions
[24]. Effectiveness factorswhich affect the inspection process found in literature are as follows.
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2.1 Software Inspection Procedure

Software inspection procedure is defined as an involved activates, stages or phases which are required
to run the process [1],[13]. The sequence and arrangement of these phases have impact on the inspection
process. Different researchers have introduced different activities or phases in different inspection processes

2.2 Team Structure

Team structure refers to the composition of team i.e. the members who participate in an inspection
process. Team structure can be clearly defined through sub factors i.e. number of reviewers selected to compose
a team, description of roles with associated responsibilities and individual expertise level. All these sub factors
of team structure have impact on team structure which in turn contributes to the effectiveness of the inspection
process. The sub factors are defined in the sub sections.
2.2.1 Team Size

Team size indicates to the number of members involved in an inspection. The number of team
members involved in aninspection process drives the process [9]. The success and failure of the inspection
influence by involved members. Results of the inspection depends on the inspection team members [18].
2.2.2 Team Roles

Roles are another most important influencing factor of the team structure. Roles and their associated
responsibilities are defined varyingly in different inspection processes [16]. They can be explicit or implicit.
2.2.3 Individual Expertise

Individual expertise refers to the capability and expertise level of the individuals. Individual expertise
can be defined in terms of technical skills, domain knowledge and experience.

2.3 Defect Discovery Method

It is defined as the steps which guide the reviewers to get good understanding of artifact for detection
of defects. The defect detection techniques help and guide the reviewers to easily find out the defects from the
artifact [10]. Using defect detection technique is an important activity for individual defect detection [2]. The
more effective defect detection technique results in more efficient inspection process. The defect detection
techniques can be systematic for example perspective base readings and can be non-systematic for example
adhoc or checklist base.

2.4 Review Rate

Review rate refers to speed at which the inspection process progress. Some researchers believe that
slow rate can be effective [1],[8],[19]. Gilb & Graham suggest that review speed should be 150 lines per hour.
Laitenberger & DeBoud suggest 200-300 lines within 2 hours [11]. Review rate can affect the inspection
process effectiveness. If review rate is fast then the quality of review will be lower and if the review rate is slow
then it can waste the time of reviewers. Review rate effect the inspection process normally in situation where
group based defect detection is done.

2.5 Interaction Mode

Interaction mode refers to the way in which the inspection team members interact with each other. The
mode of interaction can be synchronous or asynchronous. In Synchronous mode of interaction the inspection
team members interact with each other in impersonal face to face meeting while in asynchronous mode of
interaction the inspection team members does not interact with each other impersonally or in a face to face
meeting. They use some other means of interaction e.g. telephone, online tools etc.[16]. Different researchers
have suggested different mode of interaction for inspection processes.

2.6 Advanced Preparation

The purpose of the advanced preparation is to understand the artifact individually to easily detect the
defects. It is also an important factor that has impact on the inspection process. Many inspection processes
having group based defect detection favors the advance preparation with understanding purpose. In this case the
reviewers efficiently prepare themselves before attending the group meeting for defect detection. It results in
time saving and better outcome. If the process emphasizes on individual defect detection and group base
collection then there is dual purpose of advanced preparation i.e. understanding and defect detection. According
to Laitenberger if reviewer has large time for preparation he can effectively contribute to the effectiveness of the
inspection process by thorough understanding of artifact and keenly finding defects [9].
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3. RELATED WORK

Team size is one of the most important inspection process influencing factor. Software inspection
process involves a team which works together to find defects from the artifacts. Team work has lots of benefits
like quality of product improves as it is reviewed by different members having different expertise [11]. Few
researchers have worked to estimate the effect of team size on the inspection process. According to Fagan the
most optimal team size is three to five members [6]. Bisant and Lyle have suggested team having two
persons.Reason for suggesting two person team size is that if the team size is large, most dominant and
experienced persons can actively participate and the less experienced members hesitate to give their suggestions,
this suppresses their ability [4].

Martin & Tsai recommendedseveral teams to review the similar artifact, according to them a single
team is not as productive as many small teams. They argued that the multiple small teams performed parallel
and independent reviews of same artifact which reduces the possibility of missing defects [14]. Weller like
Fagan believes that there should be four members in a review team [21]. Madachy et al., and Bourgeois
suggested to have 3 to 5 people in a inspection team [5], [12].

According to Wheeler et al., the effective team size should consist of four to five members. This team
size agreed with Fagan and Weller [22]. The most important work done in this context is by McCarty, Adam
porter and Votta [15].They conducted experiments to analyze the effect of various team sizes on inspection
process. As a result of their experiment they find that two or more than two persons team is most effective than
a single person. However they do not find out any difference in effectiveness of two, three or four person’s
team. According to them these team sizes equally benefit the inspection process but they also suggested that the
team size has large effect on inspection process with respect to meeting arrangements i.e. schedule and location
planning, management for distribution of artifacts, defect detection, defect collection etc.

Large team sizes may delay the development because of delay in inspection process arrangements and
their results gathering. Owens suggest five to six persons in a inspection team because according to him multiple
people reviewing the product can be more effective and beneficial [17]. It is also believed by some researchers
that large number of people are not more effective because all of them are never efficient at the same time.
Laitenberger et al., has the same idea as of Porter & Votta that two reviewers can be more effective than single
one, they suggested team size of two people as suggested by Bisant and Lyle. Laitenberger et al also believes
that larger team size is better because large number of people can detect large number of defects [9].

4. EXPERIMENT DESIGN AND EXECUTION

This section provides the detail of necessary preparation performed to conduct the experiment i.e.
details related to the subjects involved in the experiment, the review material provided during the experiment
etc.

The experiment was performed with 27 subjects divided in to 6 teams with different team sizes. The
subjects were voluntarily selected on the basis of knowledge of artifact which is to be reviewed. Top 27 students
with respect to GPA was selected for experiment. The aim of the study was to find the optimal team size for
inspection process. Review material provided to the subject for review consists of three pages of the
requirement document of hospital information system. The experiment was conducted with 20 seeded defects in
the artifact to be reviewed. The defect report forms were also provided to all the subjects individually. Each
member have to identify defects, fill defect report form individually and discuss the identified defects in the
meeting. Fagan inspection process was followed in the experiment for defect detection and collection [7].
”Table 1” shows the team division of subjects that vary with respect to team size.

Table 1. Team division of the subjects

Group # Team Size

Team Z 2

Team Y
Team X
Team W
Team V
Team U

~N|o|g|h~(w

4.1 Training

Students were provided the training related to the aims and objective of the experiment, general
procedure of the experiment and the inspection process. Brief overview of the Fagan inspection process and
artifact to be reviewed was provided to all the teams. They are also briefed about how to fill the defect report
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forms. The training session continues for one hour. All the students were prepared for the experiment in one
lecture.

4.2 Research Questions
Following research questions are design to conduct the study.

RQ1. Which team size is effective with respect to defect detection?
RQ2. How the efficiency of the inspection process varies with the change in the team size?

In research question one the aim is to identify that which team size detect large number of defects. The research
question two aims to study the change in the total review time with varying team sizes.

4.3 Variables

There are two types of variables defined for the experiment i.e. independent variables and dependent
variables. The aim of the study was to change the independent variables and study their effects on the dependent
variables. Independent variable is team size whereas dependent variables are inspection process effectiveness
and inspection process efficiency. Inspection process effectiveness refers to the percentage of defects identified
during inspection process. Inspection process efficiency is defined as the total number of defects detected per
hour.

4.4 Validity Threats

Validity threats are factors that affect the results of inspection process. They can be internal or external.
Validity threats for the experiment are discussed in next section.
4.4.1 Internal Validity Threat
The internal validity threats for the experiment are selection of team member, instrumentation effect and
exchange of information.
4.4.1.1 Selection of Team Members
It is related to difference in performance of human beings involved in the experiment. Every individual has
his/her own characteristics for example proficiency in reading, understanding of English Language etc. This
threat was controlled by selection of subjects from the same class level.
4.4.1.2 Instrumentation Effect
Instrumentation effect deal with the problem of differences in result of inspection process which may occurs due
to difference in review material provided to the subjects. We have overcome this threat by providing the same
requirement specification document to all the reviewers.
4.4.1.3 Exchange of Information
Exchange of information is great threat for the experiment results especially when conducted in academic
environment. This threat was controlled by monitoring the performance of the reviewers all the time.
4.4.2 External Validity Threat
External Validity threats for the experiment is representative subjects.The most important threat for the
experiment is use of students as the subjects, because most of the subjects did not have professional experience
and domain knowledge that an industry reviewer could have. We had not considered that threat as much as
critical because many researchers had investigated the use of students as a subject in experiment and they had
provided argument both for and against them. Wohlin et al. had not identified any difference in their efficiency
[23].

5. DATA COLLECTION AND ANALYSIS
Data of the experiment was collected very carefully. It was checked that all team members had filled
the defect form. Once the data was collected the detailed analysis of data was performed. The effectiveness and
efficiency of inspection process was calculated. Inspection process effectiveness refers to the percentage of
defects identified during inspection process whereas inspection process efficiency is defined as the total number
of defects detected per hour.The formulas for calculating the effectiveness represented by Effe and efficiency
represented by Effi are given below.

Effe = Number of defects identified * 100
Total number of defects in artifact
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Effi) = Number of defects identified* 60
Total review time+Meetina time

Total time = Total review time+ Meeting time

Total time to review the artifact consist of the time spent by each reviewer during preparation plus the time
spent on meeting. Total Review time is calculated by summing up the preparation time of all the reviewers.

Total Review Time = RT1 + RT2+.....+RTn where RT stands for the review time by the individual reviewer.
“Table 2” shows the number of defects identified and missed by each team. It shows the answer of RQ1 that is
“Which team size is effective with respect to defect detection?”. “Table 2 shows that team with size 2 detect 11

defects, team with size 3 detect 14 defects and team with size 4,5,6,7 detect equal number of defects that is 16.

Table 2. No. of defects identified and missed by each team

Team | Team | Team | Team | Team | Team
Z Y X W \Y U
T_eam 2 3 4 5 6 7
Size
Defects 16 16 16
detected 11 14 16
Defects 4 4 4
not 9 6 4
detected

“Figure 1”’compares the number of defects identified and missed by each team. It shows that the team with team
size 4 and greater than 4 is effective in defect detection.

20

15

“whiLL

- i

i Il s In In
2 3 4 5 6 7

Team Size

defects detected vs not
detected

M Defects detected M Defects not detected
Figure 1. Comparison of identified and missed defects by each team.
“Table 3” shows the total time spent by each team to review the artifact. The total time is calculated by adding
the total review time for each individual and the meeting time. Team with team size two utilizes minimum time
resources as compared to teams with size 3 and greater than three.“Table 3” answers RQ2 that is “How the

efficiency of the inspection process varies with the change in the team size?”

Table 3. Time Spent by team to review the artifact

Team | Team | Team | Team | Team | Team
Z Y X w Vv )
T_eam 2 3 4 5 6 7
Size
Tot_al 60 120 180 240 300 360
review
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time

(min)
Meeting 60 60 60
time 60 60 60
(min)
Total 300 360 420
time 120 180 240
(min)

“Figure 2” describes the total time spent by each review team to identify the defects. It shows that the team with
minimum number of persons is efficient for defect detection as it utilizes minimum time resource.

450
400
350
300
250
200
150
100
50
0

Time (min)

2 3 4 5 6 7

Team Size (number of persons)

Figure 2. Time spent by each team for defect detection.

“Table 4” shows the effectiveness and efficiency of each team. It shows that team with 2 members have 55%
defect detection effectiveness, team with 3 members have 70% defect detection and team with sizes 4,5,6,7 have
same percentage of defect detection effectiveness that is 80%. “Table 4” also shows that team with 2 team
members’ detected maximum numbers of defects per hour that is 5 while team with team size 7 detected
minimum defects per hour that is 2.2.

Table 4. Effectiveness and efficiency for each team
Tea | Tea | Tea | Tea | Tea | Tea
mZ mY [mX mW | mV |mU
Tgam 2 3 4 5 6 7
Size

Effe 55% | 70% | 80% | 80% | 80% | 80%
Effi 5.5 4.6 4 3.2 2.6 2.2

“Figure 3” describes the effectiveness percentage of each team.It shows that team with 4 and greater than 4
members is effective for defect detection .

100
8 o 80
GCJD.D
gg
58 40
£ 8 20
LI.IQ-
0

Team Size

Figure 3. Effectiveness percentage of each team.
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“Figure 4” describes the defect detection efficiency of each team. It show that the defect detection efficiency of
team size 2 is higher than team with team size 7.

6

Effeciency (Defects
identified per hour)
O, NWbMWUV

Team size

Figure 4. Defect detection efficiency of each team.

Data analysis shows that the effectiveness of the review process increases with the increase in the
inspection team size and at specific team size the effectiveness gets steady. Regarding inspection process
efficiency the experiment results shows that the efficiency decreases with the increase in inspection team size.
The study shows that effectiveness of inspection process with team size = 2 is 55% with team size = 3 is 70%
and with team size >= 4 is 80%. The review process efficiency with team size = 2 is 5.5 with team size = 3 is 4.6
with team size =4 is 4 with team size = 5 is 3.2 with team size = 6 is 2.6 and with team size =7 is 2.2. According
to the experimental results we suggest that optimal inspection team size is 4.

6. CONCLUSION AND FUTURE WORK

The study contributed in the field of software inspections. There are number of effectiveness factor that
can directly or indirectly effect the effectiveness and efficiency of software inspection. In this study we have
focused on the effectiveness factor team size for the experiment. Inspection team size is important influencing
factor for effective defect detection as well as efficient execution of inspection process. This study aims to find
the variation of defect detection effectiveness and efficiency with varying team size. It is concluded from the
study that effectiveness and efficiency of inspection process changes with different inspection team sizes.
According to the findings the effectiveness with team size 4 and higher than 4 is 80%. The effectiveness gets
steady when team size increases from 4 to 5 and so on.The efficiency of the inspection process degrades with
increase in team size that is 5.5 for two team members and 2.2 for seven team members.It is suggested that
inspection team size with four members is optimal. In future more empirical studies can be performed and other
influencing factors discussed in the paper may be verified to assess the inspection process effectiveness and
efficiency.
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