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Abstract

This Technical Report describes two empirical studies carried out in the context of the Project
“Readers: A Collaborative Research to Develop, Validate and Package Reading Techniques
for Software Defect Detection” — where Brazilian and American researchers investigate the
effectiveness of software requirements documents inspection techniques under diverse
technical and cultural settings. The studies conducted are replications of a previous
experiment on a family of reading techniques named PBR - Perspective Based Reading, and
had as subjects undergraduate students enrolled in computing courses at ICMC/USP and
DC/UFSCar. Identified as replications R1 and R2, respectively, they compared the PBR and
Checklist techniques for Requirements Documents analysis. Four metrics were used to
evaluate the data collected: Defects Found, Occurrences of Defects, Effectiveness and
Efficiency. Although both replications produced similar results for one of the two
requirements documents used, some conflicting results were produced for the other document.
In R1, PBR did better than the Checklist technique on one of the documents, in agreement
with results from previous studies. However, for the other document, Checklist did better in
terms of the subject’s effectiveness, one of the metrics applied for analyzing the results. These
conflicting results are discussed, possible sources of variation amongst the experiments are
identified and actions to mitigate such problems in future replications are proposed. Neither
Checklist nor PBR led to complete uniformity of defect reporting, but with PBR a higher
percentage of subjects achieved the same higher performances (within each perspective) in
both replications.

Keywords:
software engineering experimental replication, laboratory package, reading techniques,
requirements documents, PBR



1. Introduction

Software Engineering still has to evolve from a discipline that simply provides
assertions about the effects of a technique into a scientific discipline based upon observation,
theory formulation and experimentation. Seeking this goal, many researchers conduct
empirical studies to evidence the quality and productivity of software development methods,
techniques and tools [Basili1996; Fusaro1997; Lott1997; Porter1995, Regnell2000].

Empirical research is crucial, but experience has shown that it is extremely difficult to
build a usable body of knowledge from isolated studies. Accepting results from a single
experiment on a topic as the final word without considering differences in system domains,
subject profiles and cultural environments may be a gross mistake. Empirical research should
not be concerned just with running individual studies but rather with enhancing the
understanding of software development processes, the costs and benefits of classes of
techniques and, ultimately, consolidating a body of knowledge and establishing novel
software development models. It is therefore imperative to run more studies and to search for
an integrated framework to support the analysis of the whole body of results obtained.

Producing and integrating a significant body of results from controlled experiments on
families of technologies can only be achieved through collaborative work. The problem of
conducting effective replications is addressed in a cooperative project initiated in 1999
involving Brazilian and American researchers, named “Readers: A Collaborative Research to
Develop, Validate and Package Reading Techniques for Software Defect Detection”.
Supported by the Brazilian (CNPq) and American (NSF) national research funding agencies,
this project investigates techniques for software document analysis in diverse technical and
cultural settings [Maldonado2002].

Within its scope replications were conducted of previous experiments designed to
study the application of human-based review techniques to find defects in software
requirements documents [Basili1996; Fusaro1997]. The focus on reviews and underlying
reading techniques is justified by their relevance since most software development documents
require continual understanding, review, and modification throughout the development life
cycle. A long string of studies has demonstrated the effectiveness of techniques for improving
individual review practices in different domains and types of inspection: requirements tailored
to natural language [Basilil996], formal notation [Porter1995], high-level designs
[Laitenberger2000a; Shull2001], code [Basili1987, Laitenberger2000b], and user interfaces
[Zhang1999]. In the context of the Readers Project, the empirical studies replicated compare
reading techniques for Requirements Document analysis, in particular PBR — Perspective
Based Reading — with Ad-Hoc or Checklist approaches. Though previous comparisons have
already been conducted, many questions remain open to further investigation:

Do PBR teams detect more defects than Checklist teams?

e What is the impact of a reviewer’s experience on his effectiveness when using PBR?

Do the PBR perspectives differ in terms of effectiveness and specific types of defects
found?

e Should the level of detail in a technique vary according to the experience of the reviewer?
Can PBR be tailored for different development approaches (e.g. waterfall vs. spiral
lifecycle models)?

e Is PBR useful on various types of software (e.g. middleware vs. user interface software)?



In this Technical Report we tackle the first three issues above analyzing results and
discussing insights from two initial replications of an experiment [Basili1996; Fusaro1997]
designed to verify the improvement in effectiveness brought from the use of PBR over a
typical Checklist approach. More than just verifying hypotheses raised by the original
experiment, these replications provided a framework for more comprehensive studies on
[Shull2002, Maldonado2002]:

Generating and facilitating experimental collaborations.

Transferring know-how on the execution of experiments and replications.
Exploring new data analysis methodologies.

Packaging experimental artifacts.

Although both replications produced similar results for one of the two requirements
documents inspected — PBR did better than the Checklist technique, in agreement with
previous results [Basili1996; Fusaro1997; Shull2001] -, some conflicting results were
produced for the second document in the first replication, where Checklist did better on one of
the analysis metrics. We discuss these conflicting results, identifying possible sources of
variation amongst the experiments and proposing actions to mitigate such problems in future
replications. Our ultimate goal is to contribute to the high-level issues mentioned previously.

The remainder of this text is organized as follows. In Section 2 we discuss the PBR
technique and related work investigating its quality and productivity. In Section 3, we
describe how the two Readers replications of the original PBR experiment were conducted. In
Section 4 we present and compare the results from these replications. Finally, in Section 5,
insights, conclusions and directions for further research are presented.

2. The PBR Technique: Related Work

Perspective-Based Reading (PBR) is a family of reading techniques that guide a reader
in looking for defects in a natural language Requirements Document. PBR was developed by
the Experimental Software Engineering Group at the University of Maryland (Basili, 1996) —
one of the partners in the Readers Project. PBR defines a series of perspectives, representing
the major stakeholders of the requirements document. It provides the inspector with a process
to assume one of those stakeholders perspectives and a set of instructions on how to read a
software document (or artifact), or what to look for in order to uncover defects [Basili1996].
The “basic set” of perspectives was defined to be a software designer (D), a tester (T) and an
end-user (U). Based on his perspective, an inspector creates an abstraction of the requirements
relevant to that stakeholder. For example, a Designer creates a preliminary high-level design,
a Tester creates a set of test cases and a User creates a set of use cases. While creating the
abstraction, the inspector is given a series of questions to help uncover defects. Questions are
driven by a taxonomy of defects on requirements documents given in Table 1. This taxonomy
is not assumed to be orthogonal or static, and it can be tailored to specific environments or
domains.



Table 1- Taxonomy for Defects on Requirements Documents

Types

Ambiguous Information (A): Information within the requirements documents is inconsistent or ambiguous
with other information in the document;

Inconsistent Information (II): Two sentences contained in the specification directly contradict each other;
Incorrect fact (IF): Some sentences contained in the requirements document/functional specifications assert
a fact that cannot be true;

Extraneous Information (E): Information is provided but is not needed or used,

Miscellaneous Defect (MD): Other defects;

Omission (0): Necessary information about the system has been omitted from the requirements document.

Figure 1 shows PBR as one of several families of reading techniques developed for
various purposes. Each family (and thus each technique) is associated with a particular
document (e.g., requirements) and notation (e.g., Portuguese text, English text, or a formal
notation). Each technique within a family is:

e Tailored, in that it is based upon a project and its environmental and cultural
characteristics;
Detailed, in that the reader must follow a well-defined set of steps;
Specific, in that reading the document the reader has a particular goal and procedures that
support this goal;

e Focused, in that it provides a particular coverage of the document, with a combination of
techniques in the family providing a complete document coverage;

e Studied empirically to determine its effectiveness in different situations.

Reading
Technology
Psl},(zléli:EM Coiatiiition Analysis General Goal
Defect Usabili Specific Goal
Reuse Maintenance Detegtion \ -
Design  Code Test PlanRequirements Design Requirements ~ Code  User RNicasntuy
Interface (artifact)
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SPACE %stem Taak Horizontal ~ Vertical Ommuon hmm“m]nconect Expert Novice Error Technique
ide  Orient Ambiguity Developer Tester User

Figure 1 - Families of Reading Techniques

Since the first PBR experiments, it has been evaluated and improved empirically using
over 150 software engineering students and 25 professionals from NASA Goddard Space
Flight Center (Shull, 2000). In a summary of PBR experiments, Regnell et al. observe that
results vary substantially (Regnell, 2000). Shull et al. argue that previous experiments provide
evidence that PBR leads to improved effectiveness for both individual inspectors and
inspection teams under certain conditions, e.g., when working with unfamiliar application
domains. However, when working in familiar application domains, experienced inspectors



sometimes ignore the PBR procedure and use previously acquired heuristics. This fact
suggests that PBR may be better suited for less experienced inspectors (Shull, 2000).

According to Shull et al. [Shull2002] existing studies on PBR show evidence of
effectiveness, but further studies are necessary to refine such understanding into actionable
heuristics. For example, studies on other populations are required to assess the impact of
reviewers’ experience on their effectiveness in applying the technique and to propose
approaches for guaranteeing effective reviews by different classes of reviewers (the level of
technique detail might possibly vary to match different experience levels). Such studies may
also bring insight on how to tailor reading techniques to different existing practices, for
example, waterfall versus spiral lifecycle models. Studies in different domains are also
necessary to evaluate the suitability of techniques to different types of systems (e.g.
middleware versus user interface software).

3. The Replications

The original experiment, run at the University of Maryland, compared the
performance of teams of subjects using PBR and their usual reading technique for defect
detection in software requirements [Porter1995]. This was a well-designed study whose
treatments allowed multiple variables to be analysed and that provided some solid evidence
that PBR was effective for inspection teams. The results of the original experiment were as
follows:

e Teams of subjects using PBR found in overall more defects than teams using their usual
technique. This result was statistically significant.

e Individual subjects inspecting two generic documents found more defects when using
PBR than when using their usual technique. This result was also statistically significant.
When inspecting specific NASA documents, individual subjects using PBR found slightly
more defects than individual subjects using the usual technique. This result was not
statistically significant.

e There was no consistent correlation between an inspector’s experience in their PBR
perspective and their inspection effectiveness.

A laboratory package has been organized aiming at building an experimental
infrastructure for supporting future replications. A Laboratory package describes the
experiment in specific terms, provides materials for replication, highlights opportunities for
variation and builds a context for combining results of different types of experimental
treatments. They establish a basis for confirming/denying original results, complementing the
original experiment and tailoring the object of study to specific experimental contexts.

The design and experimental goals of the replications were refined to investigate
additional variables, as suggested by the results commented above. In the replications the
‘usual” technique was replaced by a Checklist, and six questions were established for
investigation: three were brought from the original study and three were derived from the
open questions mentioned in Section 1.




e Goals of the replication studies
The three research questions from the Original Study, denoted OS1 — OS3, were:

OS1) If teams of individuals (such as during an inspection meeting) were giving unique
PBR perspectives, would a larger collection of defects be detected than if each read
the document in a similar way?

0OS2) Would individuals reading a document using PBR find a different number of defects
than if they used their ‘usual’ technique?

0OS3) Does areviewer’s experience in his perspective affect his effectiveness with PBR?

The above questions were reformulated (OS1°-0S3’) and three additional research
questions have been addressed in the Replications Studies, denoted RS1-RS3:

OS1’) Do PBR teams detect more defects than Checklist teams?

0S2’) Do individual PBR or Checklist reviewers find more defects?

,0S3’) Does areviewer’s experience affect his or her effectiveness?

RS1) Do individual reviewers using PBR and Checklist find different defects?
RS2) Do the PBR perspectives have the same effectiveness?

RS3) Do the PBR perspectives find different types of defects?

A detailed description of the main steps of the replication process is given elsewhere
[Maldonado2002]. Two requirements documents from the original study, containing 37 and
32 defects, respectively, were used in the replications: ATM, describing an Automated Teller
Machine, and PG, describing the operation of a Parking Garage. Defects reported by subjects
are either related to the list of defects from the original experiment, or are considered as new
defects, or are taken as false positives. Both Checklist and PBR were applied in sessions of
01h45min each, though most subjects finished the reading activity before the allocated time
had elapsed. In Replication 1 (R1) subjects were not asked to register the elapsed time
between starting and finding/classifying each defect. In Replication 2 (R2) they were asked to
register this information to allow further analysis on technique learning curve.

3.1 The First PBR Replication (R1)

In December 2000, 18 undergraduate students from the Software Engineering course
at ICMC-USP carried out the experiment, which consisted of the following steps:

i) Subjects filled out the Consent and the Analyst Survey Forms and were assigned to one
of two groups;

ii) Subjects applied the techniques as follows: On the first day, all subjects were trained in
the baseline (Checklist) method. Subjects in Group 1 then reviewed the ATM
Requirements Document and subjects in Group 2 reviewed the PG Requirements
Document. On the second day, each subject was trained in one of the three PBR

_ perspectives. Subjects then reviewed the other requirements document, i.e. Group 1
reviewed PG and Group 2 reviewed ATM. Experiment design is described in Annex A;
iii) Data was collected and results analyzed by experimenters; and
iv) Subjects received feedback from experimenters.



e Context:

Obtaining and using a Laboratory Package and its associated artifacts were key issues
for this replication. Although the framework of the Readers Project ensured access to such a
package, assembling a complete and consistent Lab Package for experiment replication is not
an easy task. The original Lab Package included several artifacts that evolved over time as a
result of conducting multiple replications. It was difficult to identify compatible and/or
consistent artifacts due to version control and configuration issues arising from the growing
number of artifacts in the UMD experience base — such issues are now being addressed by the
CeBASE project [Basili2001a, Basili2001b, Goth2001], where knowledge management
information systems are being used to assemble and manage a large body of knowledge on
empirical software engineering. After gathering all the necessary artifacts, some of them still
had to be adapted for the new replications. For example, questions had to be included in the
Analyst Survey Form filled out by subjects to characterize their English expertise.

To handle such difficulties, several actions were taken by replicators. One of them was
to seek close interaction with the original experimenters, in order to answer questions and
clarify doubts. They also decided to run a Pilot Study to get a better understanding of the
experimental process, including timing, tasks to be executed and documents to be delivered to
subjects. The pilot study was important because none of the original experimenters would be
present at the replication and tacit knowledge should be well understood. It helped the
replication team to assess process conformance before undertaking any significant replication
effort. The process for executing the replication experiment was carefully written down,
documenting the timing and the entry and exit criteria for each step. Although not included in
the original package, the team quickly discovered that this was key information for running
replications with high process conformance in the absence the original experimenters
[Dé6ria2001].

Despite these precautions, the first replication produced conflicting results: PBR
performed better than Checklist on the ATM document, a result in accordance with previous
PBR experiments [Basili1996; Fusaro1997; Shull2001], but performed worse than Checklist
on the PG document regarding effectivess, one of the analysis metrics. The reviewer’s
experience in their PBR perspective appeared to have little impact on their effectiveness.
Also, there was no large variation in the effectiveness of the three perspectives overall, and
they did appear to be complementary to each other in terms of defects uncovered.

3.2 The Second PBR Replication (R2)

In May 2001, 18 undergraduate students from the Software Engineering course at the
Federal University of Sdo Carlos conducted the second replication, which was quite similar to
the first one, consisting of the following steps:

i) Subjects filled out the Consent and the Analyst Survey Forms;

ii) The experiment follows the experimental design of the previous ones, and was divided in
four half-day periods. Subjects applied the techniques as follows: On the first half-day, all
subjects were given an overview on inspection techniques and trained in the baseline
(Checklist) method. In the second half-day subjects from Group 1 reviewed the ATM
Requirements Document and subjects in Group 2 reviewed the PG Requirements
Document. On the third half-day, each subject was trained in one of three PBR



perspectives. Then, in the fourth half-day, subjects reviewed the other requirements
document, i.e., Group 1 reviewed PG and Group 2 reviewed ATM;

iii) Data Collection and Analysis of the Results by the Experimenters; and

iv) Subjects received feedback from the experimenters.

e Context:

Moving from the first replication (R1) to the second one (R2) was considerably
simpler than moving from the UMD Lab Packages to the first replication, as the experiment
material was essentially the same. Differences worth noting between both replications are in:

e Subject profile and motivation;

e Experiment distribution in time;

e Insertion of additional fields in the Defect Collection Form; and
e Trainer expertise.

Different persons trained subjects in both replications, and the trainer in R2 was more
senior. Although in both cases it was their first training session, the trainer for R2 had closely
followed the procedures in the first replication. Consequently, we believe that training
sessions in R2 were as good as those of R1, if not better. The Defect Collection Form was
slightly expanded to collect two additional attributes for each reported defect, namely the
number of the requirement in which the defect appeared and the time of defect identification.
Those attributes improved data analysis and reporting them requires almost no extra effort
from subjects.

Observations similar to those made in R1 apply to R2, i. e., reviewer’s experience in
their PBR perspective appeared to have little impact on effectiveness. The complementary
nature of the perspectives remained and some defects were found by only one perspective. In
this replication, the number of defects found in common by the three perspectives, for the
ATM document, was greater than in R1, and it was the same as R1 for the PG document.

It is worth noting that R1 was run in two consecutive full days, following the same
procedure adopted in previous UMD PBR experiments [Basili1996; Shull2001]. During the
feedback sessions, subjects observed that they could do better if allowed more time between
the training and application sessions. We thus modified the procedure in replication R2:
Checklist training was given in one day and Checklist was applied by subjects in the
following day; a week later subjects were trained in PBR in one day and applied PBR in the
following. Equal total times were spent in both replications. Controversially, in the feedback
session of R2 subjects observed that they would rather have the experiment run in consecutive
days, a clear indication that subjects are not necessarily reliable sources of feedback. This
procedural change is a possible source of variation in the results, although we believe it is a
minor one. On the other hand, we do believe that subject profile and motivation are major
sources of variation in the results of this type of experiment. The following session discusses
the role of such issues in our replications.

3.3 Subject Profile and Motivation: R1 and R2

Subjects in R1 were students taking a Software Engineering class. They were given a
motivational presentation about the goals and activities of the Readers Project, but
participation in the experiment was on a voluntary basis and deserved no extra credits. In R2
approximately two thirds of the subjects were taking the Software Engineering course for the







