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Abstract— The core aim of requirements inspection is to ensure
the high quality of already elicited requirements in the Software
Requirements Specification. Teaching requirements inspection to
novices is challenging, as inspecting requirements needs several
skills as well as knowledge of the product and process that is hard
to achieve in a classroom environment. Published studies about
pedagogical design specifically for teaching requirements inspec-
tion are scarce. Our objective is to present the design and evalua-
tion of a pedagogical design for requirements inspection training.
We conducted an empirical study with 138 postgraduate stu-
dents, teamed up in 34 groups to conduct requirements inspec-
tion. We performed qualitative analysis on the data collected
from students’ reflection reports to assess the effects of the peda-
gogical design in terms of benefits and challenges. We also quan-
titatively analyze the correlation between the students’ perfor-
mance in conducting inspections and their ability of writing spec-
ifications. From the analysis of students’ reflections, several
themes emerged such as their difficulty with working with limited
information, but also revealed the benefits of learning teamwork
and writing good requirements. This qualitative analysis also
provides recommendations for improving the related activities.
The quantitative analysis revealed a moderate positive correla-
tion between the performance in writing specification and inspec-
tion.

Index  Terms—Requirements Inspection, Requirements
Engineering Education and Training, Empirical Study

1. INTRODUCTION

Since initially introduced to find defects in the source code
[1], formal inspections have become one of the most common
approaches for finding defects in software requirements speci-
fications (SRS). Requirements inspections are an important part
of the software development lifecycle (SDLC) to ensure high
quality of requirements. It is estimated that software engineers
spend around 80% of the total development time on testing and
debugging, the majority of the bugs are attributed to early
phases of Requirements Engineering (RE) [2]. It is therefore
cost effective and easier to address the issues in requirements
earlier rather than later in SDLC [3]. Empirical evidence col-
lected from industrial projects have indicated that requirements
inspection has a significant impact on the quality of require-
ments [4].

The fast-evolving software industry requires the education-
al institutions offering Software Engineering (SE) degrees to
produce industry ready graduates. The educators are therefore
redesigning their curricula to provide a simulated real-world
environment within academia to prepare the students for the

work environment. Training students to perform requirements
inspection is challenging. When it comes to the empirical evi-
dence for effective pedagogical designs for teaching students
requirements inspection techniques, literature in Requirements
Engineering Education and Training (REET) [5] is scarce.

Our motivation for this study stems from many years of ac-
ademic experiences of teaching RE and observing how univer-
sity students (both undergraduate and postgraduate levels),
struggle to learn how to write good specifications and identify
mistakes made in their SRS documents. Our experience of
teaching RE courses in the last 2 decades has provided many
insights about the issues and challenges for REET. We have
experimented with different pedagogical approaches to im-
prove the learning outcomes for RE students. Our interest in
conducting this study was not only inspired by our teaching
experiences but also been triggered by the practical challenges
of requirements inspection that has been communicated to us
by our industry collaborators.

In this paper, we present the design and analysis of a peda-
gogical approach for teaching requirements inspection. We
conducted an exploratory case study with 138 postgraduate
students at <<4nonymous University>> sorted in 34 teams to
conduct requirements inspection collaboratively in an active-
learning based pedagogy. We analyzed the data both quantita-
tively and qualitatively to assess the effects of the pedagogical
design on students’ learning. Our results show that there is a
moderate statistical correlation between the performance in
writing specifications and inspecting them. Furthermore, dif-
ferent challenging aspects were noticed by students when per-
forming inspection such as the difficulty of managing inspec-
tion meeting time fruitfully, and the complexity of dealing with
different levels of defects and with limited information. Im-
portant learning benefits have also been experienced by the
students, such as teamwork, the importance of roles, and the
relevance of systematic procedures as well as standardized
forms and checklists.

This paper contributes a pedagogical design for teaching
requirements inspection and its empirical evaluation. Students'
reflections shows that not only they learnt to conduct require-
ments inspection but also conceded to have learnt from detect-
ing the mistakes of others’ through peer-review and self-
reflection, which have been empirically demonstrated to be ef-
fective learning pedagogies in REET [6, 7]. Furthermore, the
results emphasize the relevance of time, roles and engineered
processes for requirements inspection.



The rest of the paper is organized as follows: Section II
summarizes the background and related research work availa-
ble on interviews. Section III provides overview of the peda-
gogical design. Section IV gives details of the steps of research
methodology and section V describes the results. Section VI
discusses the implications of the research. Section VII provides
limitations to the study and Section VIII conclusion and future
directions.

II. BACKGROUND AND RELATED WORK

For an inclusive discussion of the works in the field, in this
section, we consider also papers addressing inspection of other
software engineering artifacts (e.g., code, interviews), but the
current work focuses only on requirements inspections

After Fagan [8] introduced the main stages and procedures
to conduct successful design and code inspections, different
approaches to detect faults through inspections were considered
[9], and compared [10]. A survey on the topic was published by
Arum et al. [11], in which different kinds of reading tech-
niques, such as ad-hoc, checklist-based, defect-based, and per-
spective-based, were presented. Katasonov and Sakkinen [12]
proposed a unified framework to analyze the quality of re-
quirements and provided a characterization for reading tech-
niques, adding scenario-based [13] and pattern-based ap-
proaches to those in [11]. More recent works focused on the
challenges connected to requirements reviews in practice, that
span from the long time required for their implementation [14],
to the need to have more effective elicitation techniques [15].
This latter goal is pursued by Karras et al. [16], who developed
a tool for video inspection of requirements workshops. In this
direction, Ferrari et al. also proposed to analyze interview re-
cordings [17].

Differently from the above-mentioned approaches, we are
not proposing a novel inspection technique, but a new peda-
gogical approach to teach inspection to students. Focusing on
teaching inspections is particularly relevant because, as shown
in [18], the effectiveness of an inspection depends largely on
the skills of the individual involved inspectors and their educa-
tion. After conducting a large-scale controlled inspection ex-
periment with over 70 professionals that focused on the rela-
tionship between an inspector's background and their effective-
ness during a requirements inspection, Carver et al. [18] con-
cluded that inspectors with university degrees in majors not re-
lated to computer science found significantly more defects than
those with degrees in computer science majors. They also ob-
served that the level of education (Masters, PhD), prior indus-
trial experience or other job-related experiences did not signifi-
cantly impact the effectiveness of an inspector. The only other
type of experience that had a significant impact on effective-
ness was experience in writing requirements. To overcome the
general difficulties of teaching requirements engineering, Por-
tugal et al. [19] presented a pedagogical approach for under-
graduates, in which students during the semester can play dif-
ferent roles, including the auditor who is responsible to verify
models through checklist inspection.

Not specifically focusing on requirements inspection, Schil-
ling [20] discusses a novel active learning exercise to teach

students how to perform and assess the effectiveness of soft-
ware inspections. Students have to select an artifact from their
capstone design projects and use fault injection to strategically
place faults within the artifact. In this case, they do not have to
perform the inspection themselves, but prepare an inspection
packet consisting of a set of inspection instructions, applicable
checklists, and the inspection artifact and “hire” their class-
mates, looking at their backgrounds and experiences. The team
leader then holds two inspection meetings and reports the re-
sults. This exercise has been evaluated considering students
feedback as very educational. Differently from our approach
the focus is on "professional" choices, and what is missed in
the reflection component.

In [21], Gazerani et al. present a framework to teach soft-
ware inspections, composed of three parts: general guidelines,
specific guidelines and learning activity. General guidelines
include software inspection concepts and techniques. Specific
guidelines include software inspection process and applying
technique on it. A qualitative evaluation with the students at the
University of Malaya shows positive impact on teaching soft-
ware inspections.

The work closer to ours is [22], in which Goswami and
Walia investigated the impact of reflections on inspection re-
sults to the students' understanding of the requirements inspec-
tion process and their abilities to find real software faults dur-
ing the inspection. The authors measured the effectiveness of
their approach having students working individually to inspect
two documents seeded with defects, one before and one after
the reflection, to measure the performance of the students. This
approach and its evaluation differ from ours in many aspects,
including the steps of the overall pedagogical approach, the
size of the considered projects, the difference in kinds of prob-
lems in the SRS (natural versus seeded), the choice of group
versus individual work, and the nature and structure of the re-
quired reflection.

III. PEDAGOGICAL DESIGN

Several pedagogical approaches based on well-known
learning theories in various combinations (depending on the
educational context in SE), have been utilized by educators
[23-31]. These learning theories can be traced back to the con-
structivist paradigm of educational philosophy [23]. Hence,
‘Learning by Doing’ [24], in combination with ‘Situated Learn-
ing’ [25], ‘Discovery Learning’ [26], ‘Learning through Fail-
ure’ [27, 32, 33] and ‘Learning through Reflection’ [7, 28] are
the most widely used pedagogical design for SE curricula in
order to meet the authentic assessment requirements of learning
outcomes.

Authentic assessment requires the educators to design tasks
for students while simulating the challenges of real-life work
environments in which they have to focus on problem-solving
skills based on their previously gained knowledge and the
management practices [34, 35][36]. However, it is also the
challenging part that SE and RE educators face, how to bring
the right balance of ‘realism’ within the constraints of the aca-
demic environment [37, 38].



A. Pedagogical Context

In this study we present the pedagogical design and imple-
mentation for a module on requirements inspection as part of a
postgraduate RE course at <<Anonymous University>>. The
assessments and tasks for this course are designed using the
pedagogies of collaborative learning, authentic assessment [34,
39] role-playing [38, 40, 41] and contributing student pedagogy
[42]. The overall assessment in this course involved three sets
of tasks i.e. Requirements Elicitation, Requirements Specifica-
tion and Requirements Inspection (See Fig 1).
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Fig. 1. Pedagogical Design

Prior to all three tasks, the students were grouped into
teams of 3 (or 4) at the beginning of semester for the purpose
of the collaborative learning for their assessment tasks: elicita-
tion, developing use cases, and writing SRS. For requirements
elicitation, students conducted a series of interviews with
stakeholders (role played by teaching assistants), to understand
the problem domain and discover the requirements. Then, they
developed a set of use cases for the given case study. Once the
use cases were developed and feedback received from the in-
structor, each team developed a complete SRS using the IEEE
standard template.

B. Educational Task

In this paper we present the design and implementation of
TASK 3. The complete set of educational resources can be
found at [54]. The design is inspired by the seminal work of
Fagan for code inspection [1, 43]. However, we are focusing
only on requirements inspection. The learning for this module
commenced by students attending a 2-hours’ lecture about re-
quirements validation in general, and formal inspection in par-
ticular. They also attended two (one-hour session) tutorials on
requirements inspection where they were presented with exam-
ples of some types of defects followed by carrying out an exer-
cise of finding defects in a very small SRS using checklists.
The assessment task was designed to teach students the formal
inspection meeting process and its related tasks as a method for
requirements validation. The stages of this process were: plan-
ning, preparation, conducting the inspection meeting, and re-
port writing. Each team was asked to conduct a formal inspec-
tion of an SRS that was developed by another team in the class

for TASK 2 (see Figure 1). Groups were also asked to insert

line numbers in the SRS they were supposed to inspect for ease

of reference. The following instructions were given to students

for the conduct of TASK 3:

* Inspection method selection - The lectures introduced
different methods of organizing an inspection meeting
(e.g. checklists, round robin, walkthrough, speed review).
Students were asked to gather supporting documents, in-
cluding checklists, role descriptions, defect recording
forms, etc. While samples for most of these were made
available online [24], students were told that they may
search further to find others and then make their own se-
lection.

¢ Familiarization with the inspection forms - Forms were
available for documenting the defects discovered before
and during the inspection meeting, and forms for summa-
rizing the findings afterwards, this included an Issues Log
and a Typo List from Karl Weiger’s online resources [44].

* Assign roles - The roles include: leader or moderator
(chairs the meeting), recorder or scribe (document the
findings during the meeting), reader (reads the require-
ments out loud if needed), and inspectors (inspect the re-
quirements).

* Schedule the meeting: Set a date, time, and place for the
inspection meeting - Make sure all team members are
available, allocate at least 2 hours uninterrupted time, and
a quiet place to work.

*  Prepare for the inspection — Each team member should
prepare for the inspection meeting by carefully reading the
SRS document before the meeting, and compiling an ini-
tial list of defects (typos and issues) found.

¢ Conduct the inspection meeting - If any team members
are either absent or not prepared at the start of the meeting
(based on the above), the meeting to be postponed and an
alternative date to be set. The inspection method (as in first
point above) is used to carry out the inspection.

¢ Summarize and record all the findings — All the forms
used in the inspection should be collected and defects dis-
covered will be aggregated and summarized.

*  Write the inspection report — This report describes the
inspection process that was followed, key findings and de-
fect lists (Typo list and issue log), reflection on the process
and discussion of insights gained, both on the SRS, and the
nature of the inspection process.

The submitted assignments were reviewed and marked by
the Teaching Assistant using a pre-designed marking rubric
that focused on the quality of the process and the validity of the
output (i.e. defect list), from this formal inspection. Students
were also asked to provide a reflection report for assessment.

IV. RESEARCH DESIGN

In this section, we present the research design concerned
with the evaluation of our pedagogical approach for teaching
requirements inspection. We conducted an exploratory case
study with 138 postgraduate students at <<Anonymous Univer-
sity>> grouped into 34 teams to conduct requirements inspec-



tion. This study aimed to answer the following research ques-
tions:

1. What types of requirements issues and defects were found
by the students?

2. Is there any correlation between the grades achieved for
writing good quality SRS and the grades achieved for
conducting good quality inspection task?

3. What are the benefits and challenges experienced by the
students in requirements inspection?

4. What are the recommendations that can be derived from
the student reports?

The current list of questions is addressing the following
overarching goal: "Explore the emerging phenomena arising
from the application of the proposed pedagogical approach
for teaching requirements inspection". Emerging phenomena
from RQs are classified into

1. Descriptive aspects (RQ1), oriented to understanding the
outcomes of the application of this approach,

2. Predictive aspects (RQ2), oriented to identify predictive
patterns in the application of the approach, and

3. Improving aspects (RQ3 and 4), oriented to find infor-
mation that is useful to improve the approach.

The data that we have analyzed consisted of:

1. Inspection report submitted by students that included: de-
scription of their process, choice of inspection technique,
the defect lists, and their overall reflections.

2. Marking rubric for SRS assignment (task 2).

3. Marking rubric for inspection (task 3).

We analyzed the data both quantitatively and qualitatively
to assess the effects of pedagogical design on students’ learn-
ing. Students were told that their assignment deliverables will
be analyzed by the instructor for the purpose of research and
evaluation of teaching method and materials used for the pur-
pose of improvement. The dataset used in this study was de-
identified and analyzed more than one year after the course was
taught. As the data collection had zero impact on the grade of
the students, this study was considered as “nil or negligible
risk” according to the <<Anonymous University>> guidelines.

For RQI1, we examine the results of the inspections from
the typo lists and issue logs produced by the team. Then, we
categorize the defects by type, and we compute the frequency
of each type of defect.

For RQ2, we consider the grades obtained by the students’
teams in the SRS writing activity and the grades obtained by
the same teams in the inspection activity. Correlation analysis
with Spearman's correlation coefficient is performed to evalu-
ate the relationships between the two types of grades and un-
derstand whether teams whose SRS was of good quality are
also good requirements inspectors.

For data associated to RQ3 and RQ4, we use the reflection
reports of the different teams, in which they reflected on the
lessons learned from the inspection experience. About two
pages per team were produced, total of about 70 MS Word
pages. To answer RQ3 and RQ4, we perform a thematic analy-
sis of the reflection reports. We first split these reports into two
random sets, and two of the authors separately performed the-
matic analysis through open coding on the sets. The analysis is

oriented to identify themes associated with challenges and ben-
efits, and to identify possible recommendations for students
that could be directly derived from the reflection reports. The
recommendations were also grouped into themes. The authors
first worked individually on separate sets, and then cross-
checked each other’s work. They used an incremental approach
and the codes were discussed and merged during the meetings
between the coders until an agreement was reached. Finally,
they homogenize the identified themes and come to a final set
of challenges, benefits and recommendations. These themes
were further reviewed by another author for consistency and
coherence.

V. RESULTS

RQI1. What types of requirements issues and defects were
found by the students?

To teach students about requirements defects, they were
given three sources of defect lists: “inspection issue log” from
Wiegers [44] that gives 8 types of defects, University of Mary-
land’s defect classes, and NASA Formal Inspection Guide-
book. Students were also told that they can search and find oth-
er defect types from online sources to create their customised
defect list. We then analysed submitted issue logs to discover
how many groups just used the default list given on the Issue
Log form and how many went further and incorporated defect
types from other lists. The results are presented in Figure 2.
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Fig. 2. Frequency of Requirements Defects types reported by students (N=34)

The terms used in Figure 2 are precisely those referred to in
the inspection reports. However, some overlap is clearly ob-
served, e.g. completeness and lacking details could mean the
same defect, or contradict and conflict could be the same.

RQ2. Is there any correlation between the grades achieved
for writing good quality SRS and the grades achieved for
conducting good quality inspection task?

As shown in Figure 1, in our pedagogical approach, groups
first develop and submit the SRS for their TASK 2 and then
inspect the SRS of another group for their TASK 3. For TASK
2, students were given two different case studies, groups with
even numbers worked on case study 1, and groups with odd



numbers worked on case study 2. For the inspection task, each
group worked on an SRS for the case study that they have not
worked for TASK 2. After the completion of SRS and inspec-
tion tasks, students were evaluated through two well-structured
grading rubrics by an experienced teaching assistant, who eval-
uated the work of all the groups for both tasks.

The marking rubric for TASK 2 includes 5 main sections:
software requirements specifications, relevant models, tracea-
bility matrix, minutes of the stakeholder meeting, and quality
of the quality of requirements elicitation interviews. The major-
ity of the points are assigned in the quality of the specification
(8 out of 13) that is the only part in the overall score that is rel-
evant for our analysis. This part of the rubric is very detailed
and covers the completeness and the quality of both the docu-
ments and the requirements themselves, so it highlights the
quality of the SRS.

The evaluation rubric for TASK 3 includes 4 main sections:
entry/exit criteria, description of the inspection process, result
of the inspection exercise, and lessons learnt report. Since writ-
ing the lessons learnt report has pedagogical value, but it is not
relevant to evaluate the quality of the executed inspection, we
excluded it from this analysis (2 out of 10) from the evaluation
rubric when answering our research question.

Hence, considering only the relevant components of the
grades for TASK 2 and TASK 3, we performed the correlation
analysis with Spearman’s correlation coefficient (Rg) and we
found that there is only a moderate positive correlation between
the grades for good quality SRS and the grades obtained for
good quality inspections (R; = +0.62, p (2-tailed) = 0.00011).

However, there may be multiple confounding variables due
to the real context, as this is a case study conducted in a real
environment in which not all variables can be controlled.

RQ3. What are the benefits and challenges experienced by
the students in requirements inspection?

As described in Sect. IV, two researchers analyzed the 34
documents of students’ reflection on the inspection task in or-
der to identify the themes concerning benefits for their learn-
ing, or challenges they faced that could be derived from their
reported experiences. Similar to the three themes that emerged
from systematic review of Walia and Carver [45] for taxonomy
of requirements errors, we also found that the reflections were
related to three main dimensions of the inspection task: Pro-
cess (inspection activity), Product (the SRS under inspection)
and People (the students involved in the activity). Figure 3
provides a summary of the thematic analysis from students’
reflections by categorizing the benefits and challenges reported
by the students into the above mentioned three categories along
with their frequency of reporting from 34 groups.

In the following, we discuss the themes according to the
identified dimensions, quoting relevant excerpts of the reports
to exemplify the most relevant themes.

1) Process
a) Benefits
The benefits reported by students about the process of inspec-
tion were mainly related to their learning of the task by practi-
cally performing it in a realistic environment. Furthermore,

students also reported to have understood what is expected
from a good SRS based on the mistakes of others (peer assess-
ment) or their own (self-assessment). Having the perspective of
inspector of the SRS helped the students learn more about writ-
ing an SRS.

Although in the context of this study we did not assess
whether the students actually became better SRS writers after
the inspection experience, the following quotes (referred to the
theme “Learning from mistakes of others™), highlight that at
least they have reflected on each other’s’ mistakes:

“During the inspection, we [were] aware that we also
made the same mistakes as others. For example, noft] enough
definition or description of acronyms and so on.”

“We also can take their SRS document as a mirror to re-
flect our shortages.”

“The exercise not only demonstrated the importance of in-
spections, but made the inspectors more aware of issues that
their own requirements may have”

Some students made a step forward in their reflections and
observed that they were able to take the viewpoint of the SRS
reader (theme “Learned additional perspective of the reader of
SRS”), and this change of perspective enabled them to learn
about their own mistakes:

“Through the process of inspecting other's work, we also
learned to pay attention to our potential mistakes which might
seem common but easy to neglect. We found that expression
imprecision may be bothersome for readers, reviewers or in-
spectors alike. Thus, we took immediate action in our inspec-
tion final report and double check whether we have made our
deliverable reader friendly and error free.”

Other quotes highlight the relevance of the theme “Learn-
ing while doing”, concerned with the benefits of the hands-on
experience that pushes to take pragmatic choices based on the
issues faced along the process:

“Looking back into the inspection process that was con-
ducted as a part of assignment 3, has allowed us to gain a
practical approach and provided some hands-on experience.”

“The reader role was abandoned fairly early into the meet-
ing, as it was found to be much more convenient for the person
reciting their defects to read out the line they were referring to
themselves, rather than delegating this job to a dedicated per-
son.”

“the checklist and walkthroughs were modified by the mod-
erator, which helped focus on the defects rather than the un-
necessary parts in the documents.”

“[...] as our progress continued it has given us the right di-
rection to find out the errors in the functional requirements”

Finally, the following quotes are concerned with the posi-
tive sentiment expressed by many teams regarding the overall
learning experience (“Good learning experience”). These
quotes highlight that the inspection task was not seen as a mere
group exercise, but as a positive and engaging learning pro-
cess:

“We all considered the meeting to be a success.” ... “On a
personal level, we came out of the activity feeling positive.”



“The thorough preparation also meant that downtime dur-
ing the meeting itself was virtually eliminated, resulting in eve-
ryone being more engaged and active in discussion.”

a) Challenges

The topmost challenge for students during this assignment
was the time management and planning. These issues were
raised in the context of collaboration among team members
with different time schedules, most of them being novices for
this task, limited information on SRS and not knowing how
much the discussion for consensus would take. The absence of

the authors of the SRS was pointed out to be one of the chal-
lenges as the students were not sure if their understanding of a
defect was correct from the perspective of the authors of the
SRS and the problem domain.

Concerning “Poor Time Management” and “Poor Planning”
the following quotes illustrates how the students became fully
aware of their problems with time during the different phases
of the inspection process, and linked them to their weak plan-
ning:

Freq (N=34)

Challenges Category Benefits Freq (N=34)
Poor Time Management Learning form mistakes of others 7
Poor Planning Good learning experience 7
Authors missing in the process Learning by doing 4 |
Challenging task for novices| Process |Mutual learning 2
working with limited information Learned additional perspective of reader of SRS 2
Misunderstanding among team members Active team planning and participation 1
Not full authenticity of real world Learning from mistakes by self-assessment il
Document format issues Improved the qualityof SRS 7
Too many typos Increased learning on types of requirements defects |1
Difficulty in multi-level analysis| Product [Learning how to write good SRS 1
limited information in SRS
Difficulty in understanding SRS
Poor Teamwork Importance of roles 7
Workload with roles Great teamwork 2 |
Miscommunication among team members| People |Great coordination 2
Conflict resolution with team members Learning good communication i
Futile discussions on issues wasting time

Fig. 3. Percentages of the frequencies of the benefits and challenges reported by 34 groups classified against Process, Product and People

“Even if we make a schedule, the actual execution time is
more than we expected, we should increase our efficiency or
make a more reasonable timetable.”

“We find that we do not have sufficient time to do prepara-
tion. Because we did not realize the preparation is a big work
which cost[s] much more time.”

“The meeting session was challenging as there wasn’t suf-
ficient time to prepare, although each group member had the
chance to read through the SRS before the inspection meeting,
it was difficult to comprehend how long the entire process
would take”

One of the main challenges encountered was also the “Need
to work with limited information”, due to communication prob-
lems, or related to issues of tacit knowledge [46-48] that every
professional actor of the software process frequently experi-
ences:

“We had dropped a group message to the group which we
received the SRS from as we were expecting the meeting
minutes of the third interview from them. But unfortunately, we
haven't received it until the end. Hence, we continued with the
meeting of minutes on only two stakeholder interviews.”

“many requirements in the SRS did not relate to the case
study and were not recorded in the answers of the stakeholder
from the first two interviews.”

“In our meeting when we were going through the different
functional requirements of the SRS we had many questions
which were raised in our minds because some of the require-
ments were not clear to us in the way that they were stated.”

Several teams motivated these issues with the absence of
the authors of the SRS documents during the inspection meet-
ing (“Authors missing in the process”), which were seen as the
source of the tacit knowledge or at least the means for clarify-
ing unclear information:

“One of the limitations of the meeting is that we do not
have the author present, which can be helpful in cases we need
clarification on any ambiguities of the work product. The au-
thor can also explain their rationales during their writing so
that we can provide feedback from our perspectives for faster
and more efficient workaround or improvement”

“It’s important for the Author of the SRS document to be
present during the inspection meeting. This would have helped
us immensely as we would have understood their perspective.”

2) Product

a) Benefits

Concerning the SRS product itself, the main benefits are for
the inspected product, as it was considered improved---or bet-
ter, improvable based on the inspection---but also for the stu-
dents themselves that better understood, from the SRS at hand,
both the different types of requirements defects and the form of
a good SRS.

Overall, the students felt confident that the inspection pro-
cess has improved the quality of the SRS document under their
review and considered it to be a very important activity (“Im-
provement of the SRS”), as shown by the following quotes:



“After the successful validation, our team was fully confi-
dent about the success of the quality improvement of the whole
SRS as it was inspected very meticulously and precisely.”

“According to the inspection, our teams feel that we can
improve the quality of the work product significantly.”

b) Challenges

Due to limited information in some SRS documents and
various linguistic issues in writing, students had difficulty in
understanding and carrying a multi-level analysis on the SRS
documents that were written on various levels of abstractions.

The main challenges were associated to the presence of
several typos and grammatical errors, which capture the atten-
tion of the inspector, may distract from the really relevant is-
sues, and make the product appear unprofessional (“Too many
typos”):

“Avoiding low-level errors like spelling errors and gram-
matical errors, or it will make people suspect quality of SRS”

“The truth is that we could not find a requirement is com-
pletely free from grammatical errors, because few classmates
are native speakers, so that their requirements are hindered by
language barriers, which is very troublesome to cross-check
with the checklist”

“The typo form poses some negative effect on the inspec-
tion. I discourage that grammatical problems or style issues
and those issues that [are] related to linguistics should [be]
consider as a defect of requirements. However, it may pose a
severe problem when developers are unable to understand
what a specific requirement meanfs]”

Defects in the SRS document have different levels of ab-
straction and refer to different artifacts (natural language re-
quirements vs diagrams), and the students experienced the
challenge of the high cognitive load needed to analyze different
kinds of mistakes, and the insufficiency of the existing tools
(“Difficulty in multi-level analysis”):

“If the checklist is too specific, it would not be flexible

enough to cover different circumstances. On the other hand, if

the checklist is too general, it would become too vague to
clearly describe the defects. Thus, we need to keep the balance
between these two scenarios and also integrate other methods
such as Ad Hoc and Walkthrough to enhance the productivity
in our process.”

“Since the main formats for issue documentation were the
Issue log and the Typo List, there were two categories of issues
to go through. Due to the high amount of identified issues, fo-
cusing on one of the two formats in a single session could have
been more beneficial.”

Some of the groups also highlighted the need to deal with
format issues. The SRS documents received were in PDF and it
was difficult to identify the lines to point to corrections, espe-
cially in case of tables or diagrams (“Document format is-
sues”):

“Without inserting line numbers to a selected SRS docu-
ment, then you would not be able to locate a typo or an issue
accurately”

“Another time-consuming difficulty was represented by put-
ting line number into the pdf document.”

“[...] inserting line numbers makes things even harder, as
tables are unable to be numbered or ordered, which is hard to
name an error specifically [...] Hence, after converting the re-
ceived pdf document with the help of a free tool, some parts
(especially the use case tables) were printed incorrectly and
offset. These layout problems caused by the tool had to be re-
solved manually which took a lot of time and effort”

“Word document with line numbers was then re-formatted
to pdf to ensure all group members had the exact same docu-
ment without the risk of making unwanted alterations to it.”

3) People

a) Benefits

Some groups expressed satisfaction about their teamwork
and coordination (“Great Teamwork”, “Great Coordination”),
while others emphasized how the presence of different, well-
prepared, roles were one of their main strengths as a team
(“Importance of Roles”). The following quotes document the
importance of the people dimension in the experience:

“Although this meeting kept more than five hours, we not
only analyzed article of Group 30 but also learned how to be
better in cooperation. Luckily, each group member not only
completes the personal tasks, but also helps others to improve
our inspection report.” (“Great Teamwork™)

“Since the inspection meeting had a moderator it led to a
central authority which could establish rules and communicate
with the group more effectively. This leads to less digression
from the topics.” (“Importance of Roles”)

“The different roles assigned to each member of the team
helped recreate an industry scenario where we are expected to
collaborate and work in teams.” (“Importance of Roles”,
“Great Coordination”)

“The dedicated recorder contributed to maintaining the
meeting’s momentum, as it wasn’t necessary for people to con-
stantly stop and write things down on their computer during
discussions.” (“Importance of Roles”)

b) Challenges

Although some teams were happy with the collaborative
teamwork and communication and how they learned to organ-
ize an inspection activity, a lot of groups reported that they
struggled with the teamwork (“Poor teamwork™) specifically
with the aspect of defining clear roles with clear duties (“Dif-
ferent roles have different workload”). A lot of their time was
wasted due to miscommunication among team members or fu-
tile discussions during the conflict resolution (“Conflict resolu-
tion among team members”, “Miscommunications among team
members”) hence suggesting the importance of a meeting mod-
erator among the team members to keep everyone on track for
agenda of inspection meeting. The following quotes illustrates
the typical challenges faced by the students at the level of in-
terpersonal relationships and role management:

“A teamwork significantly becomes to play a major role
during executing this activity. Our group was confronted with
the time consistency to the meeting, some different attitude or
perspective during discussion and assigned tasks issue” (“Poor
Teamwork™)



“Working in a group can be problematic when the group
members are not co-operative but in our case all the members
were co- operative. The problem was due to difference in our
timetable” (“Poor Teamwork”)

“we found the work assigned to each member had different
workload which lead to some delay happening in the whole as-
signment process.” (“Different roles have different workload”)

“some roles require more pre-work before the meeting,
some roles are less pre-work but under high pressure of after
work.” (“Different roles have different workload”)

RQ4. What are the recommendations that can be derived
from the student reports?

From the themes identified and associated quotes we can
also derive some recommendations that may be useful for other
students that have to deal with requirements inspection. Again,
we divide the recommendations into the three dimensions of
process, product and people.

1. Process

The students found particularly useful, and therefore rec-
ommended, the use of structured tools for the process, especial-
ly standardized forms and checklists for the inspection. The al-
ready mentioned presence of authors and the shared under-
standing of the problem domain and SRS document were also
considered important for the task.

The adoption of checklists, standardized forms, template
and guidelines were considered as the major tools to guide the
process and ensure productivity, and also to let all members
have their voice (see last quote):

“These forms are more useful than we thought before, es-
pecially the Issue forms. It details where the issue comes
from..., and identifies what type it is ..., and highlights the level
of severity .... This significantly serves as a guidance on what
an inspection should look into...”

“All members used the checklist for the work product be-
fore meeting, and we found it was really helpful for organizing
inspection structure and carrying the work”

“One document that was quite useful in finding the errors
was SRS template as it has a brief description of what each sec-
tion of the document is about.”

“Before the inspection meeting, each team member went
through the SRS Document rigorously and penned down prob-
lems in a specific format provided by our Moderator before the
inspection meeting. Adopting to a single format made our in-
spection meeting very economical in terms of time and produc-
tive.”

“in fact, we felt that some of the quieter team members
were able to contribute more than they otherwise would have
thanks to this format.”

Other recommendations are concerned with the need for a
more uniform preparation to improve shared understanding
among team members:

“It would have made the whole inspection process a bit
easier if everyone had had a solid understanding of the whole
process and roles of inspection procedure before meeting for
the first time”

“it would be worth it to spend the time clarifying what each
of the [defect] classes exactly means, so that everyone in the
group is on the same page.”

Another recommendation coming from the experience is re-
lated to the need to have an appropriate individual preparation
on the SRS before coming to the inspection meeting:

“Each inspector prepared at least three hours before [the]
inspection meeting, so we could raise defects and issues effi-
ciently”

“Everyone should come half an hour before the scheduled
meeting time and then have to read their parts from the SRS
document to be inspected, this not only helped to get the idea of
the case study on which the SRS has written but it also saved
our time in total.”

“We also had to allocate additional time to re-read the SRS
to make sure the inspection we were doing was on the right
track and it would have been more successful if we had pre-
pared for a few hours each beforehand or re-read the SRS a
couple of times.”

2. Product

The students reflected on their experience to suggest that
the knowledge of the problem domain for which the SRS is
written could resolve some of their challenges they faced dur-
ing inspection. The students also suggested to be presented
with examples of high-quality SRS to have an idea of the
benchmarking that they have to raise their inspected SRS doc-
uments to.

“The members should spend almost one day to read SRS
document before and record the errors and fill them in the typo
list before the meeting”

“the document that came was not with line numbers, and
spell checked. Entering line numbers as well as running a spell
check on the initial document can save a lot of time for the in-
spection team, as they can focus on the other more important
areas.”

“a sample of high-quality SRS provided before the meeting
can be helpful because we can refer to it as a guideline of ex-
pectation for this type of work product

3. People

Students reflected that they could have benefited from us-
ing communication tools for team collaboration more effective-
ly and hence would have had better planning and time man-
agement for the activity. Furthermore, they also noticed the rel-
evance of other remote communication tools (Skype,
Whatsapp, etc.), not considered in their guidelines for the:

“Even after the inspection meetings our group were com-
municating with each other with the help of phone calls and a
private WhatsApp group.”

“Any task that was left unfinished was allocated by the
moderator and was communicated though Facebook Messen-

”

ger
“Also, our team made use of associate communication
methodology which incorporated on- line chatting with team
members, visual meetings, and phone discussion”
“After that place should be changed to some collaborative
team study area where there is availability of some screen pro-



Jjection so that one of the group member can connect laptop
and every one can easily see the inspection report”

Other recommendations that can be extracted from the re-
port are related to solutions to the previously listed challenges:
the need to define clear roles to improve efficiency (“Defining
clear roles will reduce effort and time”), and the paramount
importance of teamwork (“Good teamwork critical to the
task”):

“A good collaboration between the inspection members
and their attendance, is highly important for the success of the
formal inspection process.” ... “We think the skills of commu-
nication and teamwork are more crucial than the assignment.”

VI. DISCUSSION

The main take-away messages of our study, in relation to
the RQs, are:

1) Most of the defects found in the SRS concern Missing,
Wrong and Unclear requirements. Incomplete or hidden re-
quirements (which can be regarded as “Missing”) are also one
of the most common issues identified by the NaPIRE survey
[49]. Furthermore, Communication problems (which can be
associated to Unclear requirements), are one of the most com-
mon problems in RE, according to the same study. So, appar-
ently, novices and experienced requirements engineers suffer
from similar problems, regardless of the fact that the responsi-
bility resides on the requirements editor or on the inspector
(who may not have sufficient domain knowledge to clarify and
filling the blanks). The frequency of Wrong requirements, in-
stead, may be associated to the need of students to have a sim-
ple label to identify generically defective items.

2) A moderately positive relationship occurs between the
ability of a team to write an SRS and the ability of the team to
perform a high-quality inspection. This is not surprising, as the
two aspects have been seen to correlate also in industrial prac-
tice as shown by Carver et al. [18]. Although other confound-
ing variables may have impacted on this result, it is interesting
to see that similar patterns occur between novices at their first
experience and professionals.

3) Most of the challenges identified by students are related
to time and planning. This is not surprising, as the time to dedi-
cate to RE activities is also one of the main problems identified
by professionals [49]. This shows that the proposed pedagogi-
cal approach enables students to experience the frustrations of
real requirements analysis. They also frequently experienced
the difficulty of working in teams, but also learned teamwork
throughout the study. Among the other benefits, the student
particularly enjoyed the possibility of learning from the mis-
takes of others, and articulated self-gratification for being able
to improve the quality of the SRS.

4) The recommendations for other students are mainly con-
cerned with the need to take outmost care of the preparation:

reading the requirements before the inspection meeting, having
line numbers in the PDF files, and make the most of the check-
list and structured forms made available. Overall, to deal with
the challenges with time, students understand that the inspec-
tion process needs to be carefully engineered.

Below, we also discuss improvement of the proposed teach-
ing method, based on existing studies.

Over the years, software engineering education researchers
have proposed alternative approaches to industry-based learn-
ing, by designing curriculum and task activities based on pro-
ject-based learning and authentic assessment principles [34, 39,
50]. These approaches stress the need for the design of activi-
ties to be based on ‘realistic’ problems that students have to
solve in a collaborative environment, thus simulating the real-
world environment within the classroom. There is still the chal-
lenge of how far the educators can go in providing ‘authentici-
ty’ in their curriculum and tasks [51], considering that the stu-
dents are not yet fully trained to embrace all the challenges of
the real world. To prepare the students for the real working en-
vironment, Dawson [37] has proposed a list of 20 tricks in or-
der to help the educators determine the level of authenticity in
their assessments and tasks in project-based learning (e.g. con-
flicting requirements, hardware crash, or uncertain customers).
However, there is a varied level of authenticity that can be
achieved in different software engineering courses depending
on the types of assessments, resources and level of students
[51].

We observe that 4 out of 20 tricks of authenticity from
Dawson’s list can be mapped to our Inspection TASK as
shown in TABLE 1. These tasks are further mapped to the
skills that students required for this assessment task as sown in
TABLE II. From the two tables we can see that in our inspec-
tion task students were challenged for their problem-solving
skills, people handling skills, negotiation skills, planning skills,
adaptability, quality understanding, organizational skills and
design skills.

Based on the analysis of our study and using the lens of

Dawson’s tricks that are not covered in the current pedagogical

design, we offer the following lessons learned as instructors,

which can be useful to adapt the course module:

*  Modify the activity to involve one of the authors of the
SRS to attend the meeting. This could be done after the in-
spection has taken place, to clarify missing aspects and
possibly correct the SRS, otherwise students will not expe-
rience the realistic need to work with limited information.
Presence of the author of SRS at the inspection meeting
may increase the time of the inspection meeting, especially
if the inspectors keep referring to the author to clarify or
confirm.

TABLE I. COMPARING AUTHENTICITY OF OUR INSPECTION TASK WITH DAWSON’S [37] RECOMMENDATIONS

Dawson [22] Dawson’s [22] Justification

Our Inspection Task How in our Inspection Task

Give an Inadequate
Specification

In the real world complete, unambiguous specifi-
cations are rare if they ever exist

SRS provided for inspec-
tions were written by
students in previous task.

The SRS documents produced by students were
not perfect and all the groups had to work with
limited information




Present Customers
with Conflicting
Ideas

This type of conflict shows that more than one
viewpoint in a problem is possible, and that de-
velopers need to communicate with all users and
stakeholders to build a complete picture of re-
quirements.

Inspection meeting

The absence of the SRS author in the meeting
made it clear that they lacked stakeholders and
information and had to do role-playing which
was not providing them with a complete picture

Introduce Quality
Inspections

Many students pride themselves in being able to
produce "high quality" software. In reality code
comments and documentation are often produced
at the end of the project despite what they may
claim.

Inspection process

Students had to research and develop an inspec-
tion technique to adopt for the inspection pro-
cess. By looking at each other mistakes they ad-
mit to have discovered more mistakes than ex-
pected.

Change the Working
Procedures

Changes in management personnel and proce-
dures are not experienced at university where
changes in the teaching staff or teaching condi-
tions would not normally occur during the course
of a student project.

Multiple guidelines for
inspection and need to
define roles and inspec-
tion process left open

Leave choice to change the roles and the check-
lists types.

TABLE II. MAPPING SKILLS TO INSPECTION TASK AUTHENTICITY
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Give an Inadequate Specification X|IX|X X
Change the Requirements and Priorities X X|X|X X
Introduce Quality Inspections X X
Change the Working Procedures X X

Planning and Time management are critical in this task for
students to perform the inspection. Hence, instructors
should emphasize the need to do proper planning, and, at
the same time, change schedules and context, as it happens
in real environments as suggested by Dawson’s work.
Knowledge of the SRS problem domain prior to inspection
would help. One team member can be assigned the role of
domain expert or product owner, and acquire knowledge
of the domain beforehand to be able to provide answers to
domain specific questions in the inspection meeting. Sys-
tematic walkthroughs of simple scenarios with limited
domain knowledge [52] may be more effective in this sce-
nario rather than checklist technique [53].

Use of communication tools can improve the collaborative
work. Therefore, the usage of collaborative platforms
should be encouraged.

Defining clear roles and having moderator at the meeting
are important for collaborative teamwork to succeed. The
use of roles should therefore be encouraged, but all sub-
jects should also have the possibility of playing different
roles, so that issues related to imbalanced work do not
emerge.

Use of standard forms and checklist and shared under-
standing among team members can improve the outcome

of the inspection task for students. Instructors should put
high emphasis on the need for standardization, but should
also leave the students free to build their own standard
process.

VII. THREATS TO VALIDITY

A. Construct and Internal Validity

We conducted the study under interpretive paradigm where
the findings are subjective to the context of the classroom and
the understandings of the instructors and the researchers. How-
ever, we have provided full details of the pedagogical and re-
search design and have tried to mitigate the subjectivity wher-
ever possible in the research design. For RQ2, confounding
factors may have affected the identified correlation. This threat
could not entirely be mitigated, but it is justified by the ex-
ploratory nature of the case study.

B. Reliability

To improve reliability, two of the researchers qualitatively
analyzed students’ reflections and discussed to resolve differ-
ences on themes emerging from the data, thus increasing the
reliability of the findings thanks to triangulation. Marks were
assigned to students by a Teaching Assistant, who is not part of
the research team, this eliminates the bias for the analysis of
RQ3.

C. External Validity

The study was conducted in a multicultural classroom envi-
ronment with a large number of international students with
English as their second language. This may impact the results
for generalization, however, considering the current SE indus-
trial outlook with globalization and outsourcing where multi-
cultural and diverse teams are working on software projects,
this was yet another authentic element of the exercise for the
students to learn and work with people from heterogeneous
backgrounds.

VIII. CONCLUSION AND FUTURE DIRECTION

This paper presents a pedagogical design for teaching re-
quirements inspection to novices, together with an evaluation
of its learning effect on the students according to their feed-
back. The study shows that novices admit to have learned sev-



eral important aspects of the inspection task, including the im-
portance of roles, the need for strict time management, the rel-
evance of standardized forms and checklists for guidance and
the need to work with limited and ambiguous information.
Furthermore, the study also shows that good inspectors tend
also to be good SRS writers. Our future work includes further
improvements in the pedagogical design, with the addition of
more realistic aspects according to Dawson’s tricks [37], such
as changes of schedule and roles. Furthermore, we aim to
study in more detail which are the typical mistakes made by
students in SRS that led to generation of requirements defects,
and which classes of defects are easier or harder to identify for
novices. Finally, we have considered introducing another SRS
writing exercise, albeit smaller than TASK 2, to investigate
whether or not students SRS writing quality improves after
having conducted a formal requirements inspection according
to our pedagogical design.
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