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Abstract

" 'We consider reading techniques 2 fundamental means of achieving high quality software.
Due t0 the lack of research i in this area, we are experimenting with the application and
* comparison of various reading techniques. This paper deals with our experiences w1th
.Perspecuve-Based Reading (PBR), a particular reading technique for requirements -
documents. The goal of PBR is to provide operational scenarios where members ofa
review team read a document from a particular perspective (e.g., tester, developer, user).

- Our assumption is that the combination of different perspectives provides better coverage of
~ the document than the same number of readers using their usual technlque '
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To test the efficacy of PBR, we conducted two runs of a controlled experiment in the
environment of the National Aeronautics and Space Administration / Goddard Space Flight
Center NASA/GSFC) Software Engineering Laboratory (SEL), using developers from the
~ environment. -The subjects read two types of documents, one generic in nature and the
other from the NASA domain, using two reading techniques, PBR and their usual
technique. The results from these experiments, as well as the experimental design, are
presented and analyzed. When there is a statistically significant distinction, PBR performs
better than the subjects’ usual technique. However, PBR appears to be more effective on
the generic documents than on the NASA documents.

1. Introduction

The primary goal of software development is to generate systems that satisfy the user’s
needs. However, the various documents assdciated_ with software development (e.g.,
requirements documents, code and test plans) often require continual review and
modification throughout the development lifecycle. In order to analyze these documents,
reading is a key, if not the Key technical activity for verifying and validating software work
products. Methods such as inspections (Fagan, 1976) are considered most effective in
removing defects during development. Inspections rely on effective reading techniques for
success.

Reading can be performed on all documents associated with the software process, and can
be applied as soon as the documents are written. However, except for reading by step-
wise abstraction (Linger, 1979) as developed by Harlan Mills, there has been very little
research focused on the development of reading techniques. Most efforts have been
:associated with the methods (e.g., inspections, walk-throughs, reviews) surrounding the
reading technique. In general, techniques for reading particular documents, such as
requirements documents or test plans, do not exist. In cases where techniques do exist, the
required skills are neither taught nor practiced. In the area of programming languages, for
example, almost all effort is spent learning how to write code rather than how to read code.
Thus, when it comes to reading, little exists in the way of research or practice.

Inthe Software Engineering Laboratory (SEL) environment, we have learned much about
the efficacy of reading and reading-based approaches through the application and evaluation
of methodologies such as Cleanroom. We are now part of a group (ISERN?) that has



undertaken a research program to define and evaluate software reading techniques to -
- .support the various review methods for software development.

“Inthis paper, we use the following convention to differentiate a "technique” froma
"method”: A technique is a series of steps, producing some desired effect, and requiring
skilled application. We define a method as a2 management procedure for applying
techniques.

1.1 Experimental Context: Scenario-Based Reading
In our attempt to define reading techniques, we established several goals:

* The technique should be associated with the particular document (e. g,
requirements) and the notation in which the document is written (e.g., English
text). That is, it should fit the appropriate development phase and notation.

* The technique should be tailorable, based upon the project and environment
characteristics. If the problem domain changes, so should the reading technique.

* The technique should be detailed, in that it provides the reader with a well-
defined process. We are interested in usable techniques that can be repeated by
others. _

* The technique should be specific in that each reader has a particular purpose or
goal for reading the document and the procedures support that goal. This can
vary from project to project.'

. .* The technique should be focused in that a particular technique provides a
| particular coverage of the document, and a combination of techniques provides
coverage of the entire document.
~* The technique should be studied empirically to determine if and when it is most
B &léffc_ctive. | | o o o

To this end, we have defined a set of techniq’ués, which we call proactive process-driven
scenarios, in the form of algorithms that readers can apply to traverse the document with a
 particular emphasis. Because the scenarios are focused, detailed, and specific to a particular
N emphzisis or viewpoih_t, several scenarios m_ué_t be combined to provide coverage of the
.docu_r_ncnt_ 3 R > _ - hid




We have defined an approach to generating a family of reading techniques based upon
operational scenarios, illustrated in Figure 1. An operational scenario requires the reader to
first create an abstraction of the product, and then answer questions based on the
abstraction. The choice of abstraction and the types of questions asked may depend on the
-document being read, the problem history of the orgamzauon or the goals of the .
organization. R

Model-based

hasi
Emphasis process on object

... Analysis _ L Model
generates questions generates scenanos

Procedure for building and
. analyzing models with respect .
10 a set of goals

Figure 1. Building focused, tailored reading techniques.

So far, two different scenario-based readmg techniques have been defined for requxrements

-~ documents: perspective-based readmg and defect-based readmg

" Defect-based reading was the subject of an earlier set of experiments in this series. Defect-
based reading was defined for reading SCR (Software Cost Reduction) style documents
(Heninger, 1980), and focuses on different defect classes, e.g., missing functionality and
Zdata'type inconsistencies. These create three different scenarios: data type consistehcy,

- safety properties, and ambiguity/missing information. An experimental study (Porter,
’:“1995) was undertaken to analyze defect-based reading, ad hoc reading and checklist-based
reading to eévaluate and compare themn with respect to their effect on defect detection rates.
Major results were that (1) scenario readers performed better than ad hoc and checklist

-readers with an improvement of about 35%, (2) scenarios helped reviewers focus on



specific defect classes but were no less effective at detecting other defects, and that (3)
checklist reading was no more effective than ad hoc reading.

However, the experiment discussed in this paper is concerned with an experimental
validation of perspective-based reading, and so we treat it in more detail in the next section.

1.2 Perspective-Based Reading

Perspective-based reading (PBR) focuses on the point of view or needs of the customers or

consumers of a document. ‘In this type of scenario-based reading, one reader may read

from the point of view of the tester, another from the point of view of the developer, and
- yet another from the point of view of the user of the system. To provide a proactive

- scenario, each of these readers produces some physical model which can be analyzed to
answer questions based upon the perspective. The team member reading from the
perspective of the tester would design a set of tests for a potential test plan and answer

- questions arising from the activities being performed. Similarly, the team member reading
from the perspective of the developer would generate a high level design, and the team
member representing the user would create a user's manual. Each scenario is focused on
one perspective. The assumption is that the union of the perspectives provides sufficient
coverage of the document but does not cause any particular reader to be responsible for

- everything.

" "This work on PBR was conducted within the confines of the NASA/GSFEC Software
Engineering Laboratory. The SEL, started in 1976, has been developing technology aimed
at improving the process of developing flight dynamics software within NASA/GSFC.

.- This class of software is typically written in any of several programming languages,
including FORTRAN, C, C++, and Ada. Systems can range from 20K to 1M lines of
source code, with development teams of up to 15 persons working over a one to two year

period.

Assume we embed these requirements reading scenarios in a particular method. It then
- becomes the role of the method to determine which scenarios to apply to the document,
- how many readers will play each role, etc. This could be done by assurning, as entry
. criteria, that the method has available to it the anticipated defect class distribution, together
‘with knowledge of the organization's ability to apply certain techniques effectively. Note
.+ that embedding focused reading techniques in a method such as inspections provides more



meaning to the "team"” concept. That is, it gives the readers different views of the
document, allowing each of the readers to be responsible for their own view, with the
union of the readers providing greater coverage than any of the individual readers.

Consider, as an example, the procedure for a reader applying the test-based perspective:

Reading Procedure: For each requirement, make up a test or set of tests that will
allow you to ensure that the implementation satisfies the requirement. Use your
- - -standard test approach and test criteria to make up the test suite. While making up
- your test suite for each requirement, ask yourself the following guestions:

1.. Do you have all the information necessary to identify the item being tested
- and to identify your test criteria? Can you make up reasonable test cases for
each item based upon the criteria? ' '

2. Is there another requirement for which you wouid generate a similar test
case but would get a contradictory result? '

3. Can you be sure the test you generated will yield the correct value in the
- correct units? '

4. Are there other interpretations of this requirement that the implementor
. might make based upon the way the requirement is defined? Will this effect

the test you made up?

-5. Does the requirement make sense from what you know about the apphcauon
and from what is spec1ﬁed in the general description? ~:

These five questions form the basis for the approach the test-based reader will use to -

review the document.

We developed two different series of experiments for evaluating scenario-based techniques.
The first series of experiments are aimed at discovering if scenario-based reading is more

- effective than current practices. This paper's goal is to analyze perspective-based reading
and the current NASA SEL reading technique to evaluate and compare them with respect io
- their effect on fault detection effectiveness. It is expected that other studies will be run in



different environments using the same artifacts where appropriate. A second series, to be
-undertaken later, will be used to discover under which circumstances each of the various
scenario-based reading techniques is most effective. '

1.3 = Experimental Plan . -

Our method for evaluating PBR was to see if the approach was more effective than the
/approach people were already using for reading and reviewing requirements specifications.
Thus, it assumes some experience in reading requirem'ents documents on the part of the
subjects. More specifically, the current NASA SEL reading technique (SEL, 1992) had
-evolved over time and was based upon recognizing certain types of concerns which were
identified and accumulated as a set of issues requiring clarification by the document
authors, typically the analysts and users of the system. '

To test our hypotheses conéeming PBR, a series of partial factorial experiments were

- designed, where subjects would be given one document and told to discover defects using
their current method. They would then be trained in PBR and given another document in
order to see if their performance improved. We were initially interested in several -
outcomes:

- 1. Would individual performances improve if each individual used one of the PBR
- (designer, tester, user) scenarios in order to find defects?

2. If groups of individuals (such as during an inspection meeting) were given
unigue PBR roles, would the collection of defects be different than if each read

the document in a similar way?

3. Are there characteristic differences in the class of defects each scenario

uncovered?

- While we were interested in the effectiveness of PBR within our SEL environment, we
-~ were also interested in the general applicability of the technique in environments different
from the flight dynamics software that the SEL generally builds. Thus two classes of
documents were developed: a domain-specific set that would have limited usefulness
outside of NASA, and a generic set that could be reused in other domains.




For the NASA flight dynamics application domain, two small specifications derived from
an existing set of requirements documentation were used. These specification documents,
seeded with classes of errors common to the environment, were labeled NASA_A and
NASA_B. For the generic application domain, two requirements documents were
developed and seeded with known classes of errors. These applications included an
automated parking garage control system, labeled PG, and an automated bank teller
machine, labeled ATM. - | |

1.4. Structure of this Paper

In section 2, we discuss how we developed a design for the experiment outlined above.
Major issues concerning constraints and threats to validity are described in orderto
highlight some of the tradeoffs made. We also include a short overview of how the
experiment was actually carried out.

- ..Section 3 presents the statistical analysis of the data we obtained in the experiment. The
-section examines individual results and team results. In each of these parts, we look at the
results from both experiment runs, within documents and within domains.

Section 4 is an interpretation of the results of the experiment, but without the rigor of a
formal statistical approach. The presentation is again divided into individual results and
team results, with concentration on what effect the differences between the two runs of the

experiment had in terms of results.

Section 5 summarizes our experiences regarding designing and carrying out the

 experiment.
2. Design of the Experiment

In this section, we discuss various ways of organizing the individual subjects and the
instrumentation of the experiment to test various hypotheses. Two runs of the experiment

. were conducted. Due to the experiences gained in the initial run, some modifications were
introduced in its replication. Differences between the two runs of the experiment will be
pointed out where appropriate. : |



For both experiments, the population was software developers from the NASA SEL
environment. The selection of subjects from this sample was not random, since everyone
in the population could not be expected to be willing or have opportunity to participate.

-+ Thus, all subjects were volunteers, and we accepted everyone who volunteered. Nobody
~ participated in both runs of the experiment. :

2.1 Hypotheses

We formulated our main question in the form of the foHowmg two hypotheses, where HQ
* is the null-hypothesis and Hj is the alternative hypothesis:

. HQ There is no significant difference in the defect detection rates of teams applying PBR
as compared to teams using the usual NASA technique.

Ha The defect detection rates of teams applying PBR are significantly higher as compared
to teams using the usual NASA technique.

- Qur hypotheses are focused on the performance of teams, but we will also analyze the

- results for the individual performance of the subjects. We make no assumptions at this level
regarding the validity of the hypotheses when changing important factors such as subjects,
‘and documents. The constraints relevant for this particular experiment will be explicitly
discussed throughout this section, as will the generalizability of the results of the

experiment.
2.2 Factors in the Design

In designing the experiment, we had to consider what factors were likely to have an impact |
- on the results. Each of these factors will cause a rival hypothesis to exist in addition to the
hypotheses we mentioned previously. The design of the experiment has to take these
~factors, called independent variables, into account and allow each of them to be separable
from the others in order to allow for testing a causal relationship to the defect detection rate,
the dependent variable under study. -

Below we list the independent variables, which we identify according to how they can be
manipulaied. Some of them can be controlled during the course of the experiment, while
some are strictly functions of time, and still others are not even measurable.




Controllable variables:

'Reading technique: We have two alternatives: One is the technique

* we have developed, PBR, and the other is the technique currently used

for requirements document review in the NASA SEL environment,
which we refer to as the "usual" technique. ' - '
Requirements documents: For each task to be carried out by the

-'subjects, a requirements specification is handed out to be read and

reviewed. The document will presumably have an impact on the results
due to differences in size, domain and complexity.

“Perspective: For PBR, a subject can take one of three perspectives as

previously described: Designer, Tester or User.

Measurable variables:

Replication: This nominal variable is not one we can manipulate, but
we need to be aware of its presence because there may be differences in

- the data from the two experiment runs that may be the result of changes

to documents, training sessions or experimental conditions.

"Round within the replication: For each experiment, every subject

is involved in a series of treatments and tasks or observations. The
results from similar tasks may differ depending on when they take
place.

factors identified:

Experience: The experience of each subject is likely to have an impact

- on the defect detection rate.

Task sequence: Reading the documents in a sequence may have an
influence on the results. This may be a learning effect due to the.
repetitive reading of multiple documents. '
Environment: The particular environment in which the experiment

~ takes place may have an impact on how well the subjects perform. In

this experiment, this effect cannot be separable from effects due to -
‘replication. s ' ' O A
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There will also be other factors present that may have an impact on the outcome of the

- experiment, but that are hard 10 measure and control. These will be discussed in Section
2.5. This section will also cover the last two factors mentioned above: Task Sequence (in
the literature referred to as "effects due to testing") and Environment.

2.3 Constraints and Limitations

In designing the experiment we took into account various constraints that restrict the way
we could manipulate the independent variables. There are basically two factors that
constrain the design of this experiment:

* - Time: Since the subjects in this experiment are borrowed from a development
organization, we could not expect to have them available for an indefinite amount of
time. This required us to make the experiment as time-efficient as possible without
compromising the integrity of the design.

* Subjects: For the same reasons as stated above, we could not expect to get as many
subjects as we would have liked. This required us to be cautious in the design and
instrumentation in order to generate as many useful data points as possible.

Specifically, we knew that we could expect to get between 12 and 18 subjects for two days

on any run of the experiment. S '

Another factor that we had to deal with is that we had to provide some potential benefit to
the subjects since their organization was supporting their participation. Training in a new
- approach provided some benefit for their time. This had an impact on cur experimental
~design because we had to treat people equally as far as the training they received. -

2.4 Choosing a Design

Due to the constraints, we found that constructing real teams of (three) reviewers to work
together in the experiment would take too much time for the resulting amount of data

" points. This decision was supported by similar experiments (Parnas, 1985) {(Porter, 1995)
(Votta, 1993), where the team meetings were reported to have little effect; the meeting gain
was outweighed by the meeting loss. However, the team is an important unit in the review
process, and PBR is team-oriented in that each reviewer has a responsibility that is not

11




shared by other reviewers on the team. Thus our reviewers did not work together in teams

during the course of the experiment. Instead we conducted the experiment based on

individual tests, and then used these individual results to construct hypothetmal teams after
~the experiment was completed ' o Lo ' '

The tasks performed by the subjects consisted of reading and reviewing a requirements
specification document, and recording the identified defects on a form. The treatments,
- which had the purpose of manipulating one or more of the independent variables, were
~aimed at teaching the subjects how to use PBR. There were four possible waysof "~
arranging the order of tasks and treatments for a group of subjects: ' '

1. Do all tasks using the usual technique.
2. Do pre-task(s) with the usual tcchmque then teach PBR followed by post-
' task(s) using PBR. -
- 3. Start by teaching PBR, then do some tasks with the PBR techmque followed
by tasks using the usual technique. ' '
4. Start by teaching PBR, then do all tasks using PBR.

Option 3, where the subjects first use PBR and then switch to their usual technique, was
not considered an alternative because their recent knowledge in PBR may have undesirable
influences on the way they apply their usual technique. The opposite may also be true, that
their usual technique has an influence on the way they apply PBR, but that is a sitnation we
cannot control because the subjects already know their usual technique. Thus, this becomes
‘more a problem in terms of external validity. '

All documents reviewed by a subject must be different. If a document was reviewed more
than once by the same subject, the results would be disturbed by the subject's non-erasable
knowledge about defects found in previous readings. This meant that we had to separate
the subjects into two groups - one reading the first document and one reading the second in
order to be able to compare a PBR and a usual reading of a document.

Based on the constraints of the experiment, each subject would have time to read and -
“review no more than four documents: two from the generic domain, and two from the

.. NASA domain. In addition, we needed one sample document from each domain for

- training purposes. We ended up providing the following documents: . -

12



* Generic:
- Automatic teller machine (ATM) - 17 pages, 29 seeded defects.
- Parking garage control system (PG) - 16 pages, 27 seeded defects.

*+ NASA: 7 B
- Flight dynamics support (A) - 27 pages, 15 seeded defects
- Flight dynamics support (B) - 27 pages, 15 seeded defects

* Training: - : -
- Video rental system - 14 pages, 16 seeded defects
- NASA sample - 9 pages, 6 seeded defects

Since we have sets of different documents and techniques to compare, it became clear that a
variant of factorial design would be convenient for this experiment. Such a design would

. allow us to test the effects of applying both of the techniques on both of the relevant
documents. We found that a full factorial design would be inappropriate for two reasons.
First, a full factorial design would require some subjects to apply the ordering of
techniques that we previously argued against. Secondly, such a design seemed hard to
conduct because it would require each subject to use all three perspectives at some point.
This would require an excessive amount of training, and perhaps even more important, the
perspectives would likely interfere with each other, causing an undesirable learning effect.

The use of control groups to assess differences in documents and learning effect appeared -
to bear an unreasonable cost, since the use of such groups would decrease the remaining
number of data points available for analyzing the difference between the techniques. The
low number of data points might result in data that would be heavily biased due to -
individual differences in performance. Based on the cost and the fact that previous related
experiments (Porter, 1995) showed that effects of learning were not significant, we chose
not to use control groups. This decision also made the experiment more attractive in terms
- of getting subjécts, since they would all receive the same amount and kind of training.

13




. Group 1 Group 2
DI TIU I DI110
Training Training :
. NASA A NASA B First day

NASA technique  Premmng Training
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Teaching of PBR

lraming Training
PBR technique PG ATM Second d?Y

iraming Training :

NASAB |NASAA

. Figure 2. Design of the experiment.

We blocked the design on technigue, perspective, document and reading sequence in order
" to get an equal distribution of the values of the different independent variables. Thus we

ended up with two groups of subjects, where each group contains three subgroups, one for

each perspective (see Figure 2). The number of subjects was about the same for the two

expenments (12 14 subjects)

2.5 Threats to Validity

*Threats to validity are factors beyond our control that can affect the dependent variables.
- Such threats can be considered unknown independent variables causing uncontrolied rival
“hypotheses to exist in addition to our research hypotheses. One crucial step in the

cxpenmental des1gn is to minimize the impact of these threats.

~'We have two different classes of threats to validity: threats to internal validity and threats to
- external validity. Threats to internal validity constitute potential problems in the

interpretation of the data from the experiment. If the experiment does not have a minimum

internal validity, we can make no valid inference regarding the correlation between

- variables. On the other hand, the level of external validity tells us nothing about whether the

data is interpretable, but is an indicator of the generalizability of the results. Depending on

the external validity of the experiment, the data can be assumed to be valid in other

populations and settings.
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The following five threats to internal validity (Campbell, 1963) are discussed in order to
reveal their potential interference with our experimental design:

-+~ History: We need to consider what the subjects did between the pretests and posttests.
In addition to receiving a treatment where they were taught a new reading technique,
~there may have been other events outside of our control that had an impact on the
results. The subjects were instructed not to discuss the experiment or otherwise do
“anything between the tests that could cause an unwanted effect on the results.
‘-*  Maturation: This is the effect of processes taking place within the subjects as a
~ - function of time, such as becoming tired or bored. But it may also be intellectual
maturation, regardless of the experimental events. For our experiment, the likely effect
would be that tests towards the end of the day tend to get worse results than they would
nonnally: We provided generous breaks between sessions to suppress this effect.
*  Testing: Getting familiar with the tests may have effects on subsequent results. This
“threat has several components, including becoming familiar with the specifications, the
technique, or the testing procedures. We tried to overcome unwanted effects by
providing training sessions before each test where the subjects could familiarize
themselves with the particular kind of document and technique. Also, the subjects
- received no feedback regarding their actual defect detection success during the
experiment, as this would presumably increase the learning effect. Related experiments
- have reported that effects due to repeated testing are not significant (Porter, 1995).
*- - Instrumentation: These effects are basically due to differences in the way of
. measuring scores. Our scores were measured by two people independently, and then
discussed in order to resolve any disagreement consistently. Thus this effect is not
relevant to us.
*  Selection: Subjects may be assigned to their treatment groups in various ways. In our
case there was a difference between the two experiment runs. In the first one, the
- subjects were assigned roles for PBR based on their normal work in the NASA
- environment in order 1o match roles as closely as possible. This was only minimally
- successful since the sample was not an even mix of people representing the various
roles. However, for the replication, the subjects were randomized. Thus effects due to
selection may be somewhat relevant for the first experiment, but not for the replication.
Since PBR assumes the reviewers in a team use their usual perspectives, the random
- assignment used in the experiment would presumably lead to an underestimation of the
improvement caused by PBR. |

I5



Another threat to validity is the possibility that the subjects ignore PBR when they are
supposed to use it. In particular, there is a danger that the subjects continue to use their
usual technique. This need not be the result of a deliberate choice from the subject, but may
simply reflect the fact that people unconsciously prefer to apply existing skills with which
they are familiar. The only way of coping with this threat is to provide enhanced training
sessions and some sort of control or measure of conformance to the assigned technique.

Threats to external validity imply limitations to general'kzing the results. The experiment was
conducted with professional developers and with documents from an industrial context, so
these factors should pose little threat to external validity. However, the limited number of
- data points is a potential problem which may only be overcome by further replications of
'+ the experiment. Other threats to external validity pertinent to the experimental design
include (Campbell, 1963): | | '

- .+ Interaction of testing and treatment: A pretest may affect the subject's sensitivity
 of the experimental variable. Both of our groups receive similar pretests and treatments,
so this effect may be of concem to us. ‘
+  Interaction of selection and treatment: Selection biases may have different
- effects due to interaction with the treatment. One factor we need to be aware of is that
~ all our subjects were volunteers. This may imply that they are more prone to
‘improvement-oriented efforts than the average developer - or it may indicate that they
consider the experiment an opportunity to get away from normal work activities for a
. couple of days. Thus, the effects can strike in either direction. Also, all subjects had
received training in their usual technique, a property that developers from other
organizations may not possess.
...+ Reactive effects: These effects are due to the experimental environment. Here we
-have a difference between the two runs of the experiment. In the initial run, the testing
was done in the subjects' usual work environment. The subjects received their training
~_in groups, and then returned to their own workspace for the test. For the replication,
.-the experiment was conducted in an artificial setting away from the work environment,
" similar to a classroom exercise. This may influence the external validity of the
* - experiment, since a non-experimental environment may cause different results.

“There are also a number of other possible but minor threats. One of these is the fact that the

subjects knew they were part of an experiment. They knew that the purpose of the
experiment was to compare reading techniques, and they probably were able to surmise our

16



‘expectations with respect to the results even if not stated explicitly. However, these aspects
are difficult to eliminate in experiments where subjects are trained in one technique while
the comparison technique is assumed to be known in advance. A design where they receive
equal training in two techniques would be more likely to hide these effects.

2.6 ' Preparation and Conduction

‘We wanted the two experiment runs to be as similar as possible in order to aveid
difficulties in combining the resulting data, but some changes between the runs were still

* mecessary. We began preparing for the second run by reviewing all documents and forms
in order to improve them from an experimental viewpoint. We had some comments from
the first experiment run that were helpful in this process. The changes were minor, and
most were directed towards language mprovement. We changed the seeded defects in three
places in one of the generic documents due to a refined and deeper insight into what we
would consider a defect. There were some changes to the forms, scenarios and defect
classification as well, but again the changes were made to make the documents easier to use
and understand. ' ' B

...For the NASA documents, the changes were more fundamental. For the first experiment
run, comments from the participants indicated that the documents were too large and
complex. We decided to make them shorter and simpler for the second experiment run. As
- a side effect of this change, the total number of defects in the NASA documents was
reduced. However, the types and distribution of seeded defects remained similar,

The basic schedule for conducting the experiment remained unchanged. Each experiment

-run lasted for two whole work days, with one day off in-between. The number-and order
of document reviews were also the same for both experiments, but the time allowed for
each review was modified. For the first experiment run, the maximum time for one
document was three hours. However, for the generic documents, only one person used
more than two hours (140 minutes), so under the more controlled environment of the

. second experiment run, we felt safe lowering the maximum time to two hours.

Another important change resulied from the comments we received from the first
“experiment run, regarding the training sessions. The initial run included training sessions

only for the generic documents, but the subjects felt training for the NASA documents was
- warranted as well. Therefore in the second experiment run, we had training sessions

17



before each document review. For this purpose we generated two sample documents that
-were representative of the NASA and generic domains. -

After the second run of the experiment, we marked all reviews with respect to their defect
detection rate. This was measured as the percentage of the seeded defects that was found by
each reviewer. We did not consider any other measures such as false positives. Based on
the defects found by the reviewers, we also refined our understanding of the defects
present in the set of documents. After several iterations. of discussion and re-marking, we
-arrived at a set of defect lists that were considered representative of the documents. Since
these lists were slightly different from the lists that were used in the first experiment, we re-
--marked all the reviews from the first experiment in order to make all results consistent.

3. Statistical Analysis "

We ran the experiment twice, in November 1994 (hereafter referred to as the "1994

.. experiment") and in June 1995 (hereafter referred to as the "1995 experiment”). In the

1994 experiment, we had twelve subjects read each document, six using the usual

technique and six using PBR. The six using PBR were distributed equally among the three

. perspectives. In the 1995 experiment, we had thirteen subjects who read each document,

| although a fourteenth volunteer unfamiliar with the NASA domain also read the generic
documents only. . ' ' '

After the two experiment runs, we have a substantial base of observations from which to
“draw conclusions about PBR. This task is complicated, however, by the various sources
of extraneous variability in the data. Specifically, we identify four other variables (besides
the reading technique) which may have an impact on the detection rate of a reviewer: the
experiment run within which the reviewer participated, the problem domain, the document

itself, and the reviewer's experience.

We attempted to measure reviewer experience via questionnaires used during the course of
the experiment: a subjective question asked each reviewer to rate on an ordinal scale his or
her level of comfort using such documents, and objective questions asked how many years
the reviewer had spent in each of several roles (analyst, tester, designer, manager).
However, for any realistic measurement scale, most reviewers tended to clump together

- toward the middle of the range, with relatively few outliers in either direction. Thus we

seem 10 have a relatively homogeneous sample with respect to this variable. While good
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from an experimental viewpoint, this unfortunately means that our data set does not allow
for a meaningful test of the effect of reviewer experience, and we are forced to defer an

- investigation of the interaction between reading technique and experience until such time as
‘we can get more data points. For this reason, reviewer experience will not appear as a
potential effect in any of our analysis models. '

-Technique, experiment run, and document are represented by nominal-scale variables used
in our models, where appropriate. The domain is taken into account by performing a

“separate analysis for each of the generic and NASA problem domains. However, we are
also careful to note that there are variables that our statistical analysis cannot measure.
Perhaps most importantly, an influence due to a learning effect would be hidden within the
effect of the reading technique. The full list of these threats to validity is found in Section
2.5, and any interpretation of _reshlts must take them into account.

Section 3.1 presents the details of the effect on individual scores. Section 3.2 presents the
analysis strategy for team data, _Fiﬁaliy, Section 3.3 takes an initial look at the analysis

- with respect to the reviewer peereétives. In each section, we present the general analysis
strategy and some details on the statistical tests, followed by the statistical results and some
interpretation of their meaning. We address the significance of our results taken as a whole
-in Section 4, ' ' o

_3.1 - Analysis for Individuals

Although it was not part of our main hypothesis, which focuses on team coverage, we
wanted to see if the difference in focus between the usual technique and PBR would have
some effect on individual detection rates. We therefore went through an analysis of

‘individual scores. -

We were also careful, however, to test for effects from sources of variation other than the
reading technique. For this reason, our analysis proceeds in a "bottom-up" manner. That
is, we begin with several small data sets that we know to be homogeneous. Each session
of the experiment was run under controlled conditions to eliminate differences within the
-sessions that might have an effect on reviewers' detection rates; the scores of reviewers
~reading the same document within the same replication are therefore comparable. Thus we

- begin our analysis with homogeneous data sets (4 documents - 2 NASA and 2 generic -

over 2 runs, so 8 in total) which we will use as the primary building blocks of our analysis.
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‘Starting from these data sets, we looked for features in common between the data sets. We
‘identified subsets of the data which were expected to be more homogeneous than the data
as a whole; the aim was to exploit this homogeneity to achieve stronger statistical results.
For example, we took into account the fact that all of the detection rates for each reviewer
are highly correlated, but we also identified other such blocks (e.g., the data for each
-problem domain within the experiment). As we looked at larger data sets in order to draw
more general conclusions, we also took pains to make sure that the data within each set
were still comparable. Figure 3 illustrates the direction of our analysis, and includes the
sizes of the data sets. = . '

Generic | "~ [NASA
jn’ain\ Domain

ATM PG . NASA_A - | {NASA B

Document Document | { Document Document

26 points 126 ;1{ _ 25'5 oifits 25 p)gints

- '|ATM ||ATM | |[PG | |PG A A B B
11994 111995 |[1994 | |1995 | |1994 ||1995 ||1994 | |1995
12 pts||14 pts| [12 pts| [14 pts| 12 pts||13 pts] |12 pts| |13 pts

Figure 3. Breakdown of the statistical analysis, with number of data points.
3.1.1 Analysis Strategy Within Documents

Our initial analysis examined each document used in the experiment for significant
differences in performance based on the use of reading technique. We used the ANOVA
test since we were testing a model of the effects containing muitiple potential sources of

- variation. To begin with, our model of the effects contained a nominal variable to signify

the reading technique used (usual or PBR).

The data for each document is composed of the independent data sets from the two
”ekperimeht runs, and so it was necessary to be alert to the possibility that changes from one
" ‘run to the next could have an impact on the reviewers' detection rates. For both of the pairs
of documents, we combined the data for the document and introduced a nominal variable
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(with two levels: 1994 and 1995) into our model to describe the experiment run in which

the reviewer read the document.

We measured the lack of fit error (an estimate of the error variance) for the model on each
document. In no case was there a significant lack of fit error, so it did not seem likely that
we could gain any better fit to the data by introducing variations on the variables, such as
testing for interaction effects (SAS, 1989). '

-~ We also tested whether each of the variables independently was significant (i.e., whether
the effect of each variable, apart from the other variables in the model, had a significant
effect on reviewer detection rate).

The ANOVA test makes a number of assumptions, which we were cérefn_l to fulfill: The
- dependent variable is measured on a ratio scale, and the independent variables are nominal.
Observations are independent. The values tested for each level of the independent variables
 are normally distributed (we confirmed this with the Shapiro-Wilk W Test). Also, the test

- . assumes that variance between samples for each level of the independent variables is

- homogeneous. However, we note that the test is robust against violations of this last

assumption for data sets such as ours in which the number of subjects in the largest -

. treatment group is no more than 1.5 times greater than the number of subjects in the
_smallest (Hatcher, 1994). The test also assumes that the sample must be obtamed through

random sampling; this i is a threat to the validity of our expenrnent as we must rely on

volunteers for our subjects (see Secuon 2. 3, "Selection” and "Interaction of selecuon and

treatm&nt") : '

3.1.2 Results Within Documents
In our case the hypotheses of the ANOVA test take the following form:

Hy: The specified model (which contains variables to signify the experiment run
and reading technique) has no significant power in predicting the value of the
_dependent variable (detection rate). .

Hg: The model as a whole is a significant pred1ctor of detection rate.

_ Level of sxgmficance o =0.05

The ANOVA test also allows testing the effect of each individual variable..
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" The Least Squares Means (LSM) of the detection rates for reviewers using each of the
techniques are given in Table 1, followed by the results of the tests for significance. The
LSM values in effect allow an examination of the means for the groups using each of the

“reading techniques while holding the difference due to experiment run constant. This is

. followed by the p-values resulting from the statistical tests for significance; a p-value of

less than 0.05 provides evidence that either the whole model or the individual variable is a

significant predictor of detection rate and are indicated in boldface. The R2 value for the

model is also included as a measure of the amount of variation in the data that is accounted
for by the model. '

For all documents except NASA_B, the LSM detection rate for PBR reviewers is slightly

higher than for reviewers using their usual technique. However, only for the ATM

- document was the difference statistically significant. For all other documents, reviewers
- using the two techniques did roughly the same, and any differences between their average

- ‘scores can be attributed to random effects alone. Both NASA documents had a very
significant effect due to experiment run, which was not surprising, given the large changes
made to improve the documents between runs; however, there was also a significant and
unexpected effect due to experiment run for the PG document as well. The significance of
such differences due to experiment run is addressed in Section 4.

‘Document PBR USUAL |Whole Technique |Replicat- RZ
o LSM LSM Model p-value ion
: p'.va]ue p—va!ue
ATM 30.8 21.4 0.0904 0.0316 0.6299 0.19
PG 26.8 245 0.0457 0.5977 0.0174 0.24
INASA_A 36.8 26.6 0.0001 0.1516 0.0001 056
NASA_B 2873 34.5 0.0021 0.5044 0.0005 043

3.1.3 Analysis Strategy Within Domains

Table 1. Effects on individual scores for each document.

The second level of detail which we analyzed was the level of problem domains. That s,
we examined what trends could be observed within the generic documents or within the
NASA documents, while realizing that such trends may not necessarily a'pp.ly across such
different domains. For each domain, we tested whether each reviewer scored about the
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same when reviewing documents with PBR as when using the usual technique, or if there
- -was in fact a significant effect due to reading technique.

To accomplish this, we made use of the MANOVA (Multivariate ANOVA) test with
repeated measures, an extension of the ANOVA which measures effects across multiple
dependent variables (here, the scores on each of the two documents) with longitudinal data
sets (i.e. data sets in which each subject is represented by multiple data points).

The domain data sets contain two scores for each subject, one for each document within the
domain. Although repeated measures tests usually refer to multiple treatments over time,
here we treat the scores on each document as the scores from repeated treatments, which
. we distinguish with the nominal variable "Document”. We divide the reviewers into two
. groups, and use another nominal variable in order to distinguish to which group each
reviewer belonged: Group I applied PBR to Document A and the usual technique to
Document B, and Group II read the documents in the opposite fashion. If the interaction
between these two variables is significant, we can conclude that the reading technique a
reviewer applied to each document had a significant effect on the reviewer's detection rate.
If the interaction is not significant, then reviewers tended to perform about the same on the
two documents, regardless of the technique applied to each. -Aside from reading technique
~and document, we again want to account for any signiﬁciant effects due to the experiment
Tun, and also test for interaction effects between this variable and the others. - -

The MANOVA test with Repeated Measures makes certain assumptions about the data set.

- As with the ANOVA test, we again fulfill requirements about the measurement scales of the
dependent and independent variables, the independence of observations, and the underlying
- distribution of the sample. We have the same threat to validity resulting from the
assumption of random samples as was discussed for the ANOVA test. However, it is also
assumed that the dependent-variable covariance matrix for a given treatment group should
be equal to the covariance matrix for each of the remaining groups. Fortunately, the type I
error rate is relatively robust against typical violations of this assumption; however, the

| power of the test is somewhat attenuated (Hatcher, 1994). B

3.1.4 Results Within D'omains

Using the data from each of the documents within a domain, we use the MANOVA test to
detect how reviewer rates change from one document to the next, and attribute these
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- changes to factors in our model. As we did with the ANOVA test, we test whether each of
the variables in our model (the documents themselves, the reading technique used on each
document, the experiment run, and all appropriate interactions) are significant predictors of
the change in detection rates. . '

-~ .Hp: The specified variable has no significant effect in predicting scores across the
two documents. '
Ha: The variable is a significant predictor of scores across the documents.
-Level of significance: o = 0.05 '

. The results are summarized in Table 2, where each column gives the p-value for each of the
effects. A p-value of less than 0.05 provides an indication that the variable is a significant
predictor of the change in reviewer detection rates across documents, and appears in bold.
The effect due to the reading technique is measured indirectly by the "Group" variable:
~ Group I read Document A with the PBR technique and Document B with the usual
technique; Group II read the documents in the reverse fashion. As can be seen from the
_ "Document” column, there was no significant difference between the mean detection rates
- for the two documents within a domain. Crossed terms represent tests for interaction
- effects; for example, the column labeled "Document * Replication" tests if the mean
- difference in reviewers' scores on each of the documents was significantly effected by the
experiment run in which they took part. Thus, even though the NASA documents were
changed drastically between runs, because the two documents were roughly comparable in
- difficulty within both experiment runs, there is no significant effect here for the NASA
- domain. Within the generic domain, reviewers in the 1994 experiment did slightly better
. on the PG document than the ATM, while reviewers in the 1995 experiment did slightly
worse on the PG document relative to the ATM; while the differences average out when
. the two runs are combined, the effect still shows up as a significant interaction in the -
MANOVA test. - ' : '

_ [Document . |Document * [Document * |Document *
Domain Replication Group Replication *
3 Group
Generic 0.7810 0.0298 —10.0056 0.5252
[NASA 0.9137 0.7672 0.5670 0.5337

Table 2. Effects on individual scores within domains. .
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Graphs of Least Squares Means are presented in figures 42 and 4b as a convenient way of
visualizing the effects of the interaction between document and reading technique. For the
generic domain, it can be seen that reviewers in each group on average scored higher with
PBR than with the usual technique, taking into account the other effects in the model. In
the NASA domain, reviewers in each group scored about the same on both documents,
regardiess of the technique used. Note that the interaction for the generic domain is
significant, providing evidence that reading technique does in fact have an impacton -

‘detection rates.

[Document * Group | A
o
w B0
3 40-
Q - . .
£ ] . PBR :
Y 304 : PBR Group |l
2 oo- - Group |
g ) USUAL - USUA
(4]
10
1
ATM rate PG rate
. Y Responses
Group ATM rate PG rate
! 30.8333333 24.5
Il 21.4791667 26.75 )

_'Figure 4a. Interaction between group and technique for the generic domain. '

_ ll Document * Group l

-
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« 7 " PBR
':-, 401 — Usuﬁéroup :I
° 7] x * Grou
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0 : ] -
NASA_A rate NASA_B rate
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| Group NASA_Arate NASA_Brate -
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Figure 4b. Interaction between group and technique for the NASA domain.
3.2 . Analysis for Teams
3.2.1 Analysis Strategy for Teams

In this section, we return to investigating our primary hypothesis concerning the effect of
PBR on inspection teams. The analysis was complicated by the fact that the teams were
composed after the experiment's conclusion, and so any grouping of individual reviewers
into a team is somewhat arbitrary, and does not signify that the team members actually
worked together in any way. The only real constraint on the makeup of a team which
applied PBR is that it contain one reviewer using each of the three perspectives; the non-
PBR teams can have any three reviewers who applied their usual tg:chnique. At the same
time, the way in which fhe_ teams are composed has a very Strong effect on the team scores,
so an arbitrary choice can have a significant effect on the test results.

For these reasons, we used a permutation test to test for differences in team scores between
the techniques. An informal description of the test follows. '

First, since there are differences between the experiment runs, we will compose teams only
with reviewers from within the same run; we therefore treat the two experiment runs
separately. Resulis from the individual scores showed that the domains are very different,
but the documents within 2 domain are of comparable difficulty; thus, we compare
reviewer scores on documents within the same domain only. We again categorize
reviewers into one of two groups, as we did for the analysis within domains for individual
scores, depending on which technique they applied to which document. Let us say the
reviewers in Group I applied PBR to Document A and their usual technique to Document
B, where Document A and Document B represent the two documents within either of the
domains. We can then generate all possible PBR teams for Document A and all possible
non-PBR teams for Document B, and take the average detection rate of each set. This
ensures that our results are independent of any arbitrary choice of team members, but
because the data points for all possible teams are not independent (i.e., each reviewer
appears multiple times in this list of all possible teams), we cannot run simple statistical
tests on these average values. - For now, let us call these averages AJ and B]. We can then

perform the same calculations for 'Group 11, in which reviewers applied their usual
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technigue to Document A and PBR to Document B, in order to obtain averages AJ] and
Br. The test statistic

(AI- BID) - (A1l - Bn) .
then gives us some measure of how all possible PBR teams would have performed relative

to all possible usual technique teams.

Now suppose we switch a reviewer in Group I with someone from Group II. The new
reviewer in Group I will be part of a PBR team for document A even though he used the
usual technique on this document, and will be part of a usual technique team for Document
B even though he applied PBR. A similar but reversed situation awaits the reviewer who
~suddenly finds himself in Group IL If the use of PBR does in fact improve team detection

scores, one would intuitively expect that as the PBR teams are diluted with usual technique

. reviewers, the average score will decrease, even as the average score of usual technique

teams with more and more PBR members is being raised. Thus, the test statistic computed

above will decrease. On the other hand, if PBR does in fact have no effect, then as

' reviewers are switched between grdups the only effect will be due to random effects, and

team scores may improve or decrease with no correlation with the reading technique of the

. _reviewers from which they are formed. So, let us now compute the test statistic for all -

possible permutations of reviewers between Group I and Group II, and _rar_nk each of these

scenarios in décréasing order by the statistic. If the scenario in which no-dilution has - :

: _ .,c')cci;rred appears toward the top of the list (in the top 5%) we will conclude PBR does have

a beneficial effect on team scores, since every time the PBR teams were diluted with non-
PBR reviewers they tended to perform somewhat worse relative to the usual technique
teams. However, should the non-diluted scenario appear toward the middle of the list, then
this is clear evidence that every successive dilution had only random effects on team scores,
and thus that reading technique is not correlated with team performance.

Note that this is meant to be only a very roi.tgh and informal description of the intuition
behind the test; the interested reader is referred to Edington's Randomization Tests
- .- (Edington, 1987).

3.2.2 Results for Teams

The use of the permutation test allows us to formulate and test the following hypotheses:
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- Ho: The difference between average scores for PBR and usual technique teams is
the same for any random assignment of reviewers to groups.

Hj: The difference between average scores for PBR and usual technique teams is
significantly higher when the PBR teams are composed of only PBR '
reviewers and the usual technique teams are composed of only usual
technique reviewers.

‘Level of significance: o = 0.05 (that is, we reject Hg if the undiluted teams
~.appear in the top 5% of all possible permutations between groups)

~* The results are summarized in Table 3. P-values which are significant at the 0.05-level
-appear in boldface. For example, twelve reviewers read the generic documents in the 1994
- experiment; there are 924 distinct ways they can be assigned into groups of 6. The group
in'v'v'hic;h there was no dilution had the 61st highest test statistic, corresponding to a p-value
~-of 0.0660. - ' ' '

[Domain/ - {Number of Rank of ?—va_lue
| Replication Group Undiluted
| B [ Permutations Group
| S Generated :
| Generics/1995 3003 2 0.0007
[Generics/1994  ]924 61 0.0660
INASA/1995 1716 67 0.0390
INASA/1994 924 - 1401 0.4340

~Table 3. Results of permutation tests for team scores.
3.3 Analysis for Perspectives
3.3.1 Analysis Strategy for Perspectives

We were also concerned with the question of whether the perspectives used in the
experiment are useful (i.e., reviewers using each perspective contributed a significant share
of the total defects detected) and orthogonal (i.e., perspectives did not overlap in terms of
the set of defects they helped detect). A full study of correlation between the different
perspectives and the types and numbers of errors they uncovered will be the subject of

'+ future work, but for now we take a qualitative look at the results for each perspective by
examining each perspective's coverage of defects and how perspectives overlap.
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3.3.2 Results for Perspectives

We formulate no explicit statistical tests concerning the detection rates of reviewers using
each of the perspectives, but present Figures 5a and 5b as an illustration of the defect
coverage of each'perspec'tive. Results within domains are rather similar; therefore we
present the ATM coverage c_:ha_rts as an example from the generic domain and the NASA_A
charts as an example from the NASA domain. However, due to the differences between
experiment runs for the NASA documents, we do not present a coverage diagram for both
runs combined. The numbers Within each of the circle slices represent the number of
defects found by each of the pérspectives intersecting there. So, for example, ATM
reviewers using the design perspective in the 1995 experiment found 11 defects in total:
two were defects that no other perspectiv'e' caught, three defects were also found by testers,
one defect was also found by users, and five defects were found by at least one person
from each of the three perspectives. o o : '

~ ATM Results:

1994: 1995 ~ COMBINED:

.- Designer ~ Designer ' | Designer

AR RN EYA ()
AVA Tester 6‘7 Tester = 6‘!’6 ester

Use-based Use-based Use-based

Figure 5a. Defect coverage for the ATM document. -
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NASA_A Results:

'Use-basec_l_‘ I ‘Use-based |
Figure 5b. _Defect_co_i_rc_fage for the NASA_A dbcument. _
4 PBR :.Ef.fectiveness

In the previous section we presented the analysis of the data from a strictly statistical point
of view. However, it is necessary to assess the meaning and implicatioﬁs of the analysis to
see if we can identify trends in the results that are similar for both runs of the experiment.
Such interpretations may also point out areas of weakness in the experiment or in the PBR
technique - Weaknessés which upon recognition become potential areas for improvement.

4.1, Ind;vrdual Effectiveness - .
4.1.1. The 1994 Experiment

The individual defect detection rates were better for the generic documents than for the
NASA documents in the 1994 replication, regardless of reading technique, because the
generic documents were simpler to read and less complex than the NASA documents.
Most subjects pointed to the size and complexity of the NASA documents as potential
problem areas. However, there is a difference not only in absolute score, but also in the
impact the technique has on detection rate. The improvement of PBR over the usual
technique was greater for the generic documents than for the NASA documents. We can
think of various reasons for this: '

* The perspectives and the questions provided were not aimed specifically at the
NASA documents, but based on the general nature of the generic documents.
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- Thus the technique itself may not be exploited to its full potential for documents
- within the NASA domain.

* Itis possible that the reviewers are more likely to fall back on their usual
technique rather than apply the PBR technique when reading documents that
they are familiar with. We received anecdotal evidence of this during follow-up
interviews. This may be of particular importance in situations where the

- subjects are under pressure due to time constraints and the complexity of the
~ document. - ' |

* The 1994 experiment was carried out in the reviewers' own work environment.
This may increase the temptation to fall back to the usual technique when the
familiar sitwation of reading NASA documents arose. The generic documents,
on the other hand, would not be likely to stimulate such interaction effects.

e Insufficient training may have been provided since the training sessions only
‘explained how to use the technique on a Sample generic document and noton a
- sample NASA document. g

Within each of the two domains, we found that the documents were at the same level of
complexity with only minor differences between them. This indicated that our effort of
keeping the documents within each domain comparable was successful. |

4.1.2. The 1995 Experiment

In the 1995 replication we made some changes to account for some of the problems
mentioned above. The NASA documents were modified substantially according to the
comments we received from the subjects. We also provided additional training by adding
two more sessions aimed at applying the techniques to the NASA documents. The -
experiment itself was carried out in a classroom environment instead of the work
environment. However, even though we saw a substantial rise in the absolute defect
detection rates for the NASA documents, the improvement of PBR over the usual technique
- remained insignificant. Thus our most viable explanation at the moment is that PBR needs
to be more carefully tailored to the specific characteristics of the NASA documents and

* environment to show an improvement similar to what we see in the generic domain. We
also got feedback from the subjects that supported this view; several found it tempting to
fall back to their usual technique when reading the NASA documents.



- For the generic domain, we made only minor changes to the documents and the seeded
defects. Thus, we expected the change in defect detection rate to be negligible. However,
this appeared not to be the case. '

- The mean detection rate for the ATM document turned out to remain unchanged, but
dropped significantly for the PG document. We have analyzed this carefully, but have not
been able to find a-plausible explanation as to why this should happén. Changes to the
experiment should be expected to have a similar impact on the two documents, so perhaps
 the changes to the two documents were not as insignificant as we thought.

- 4.1.3. Combined

Although the changes to the NASA documents were a definite improvement, any effect due
* to technigue is hidden by the much larger difference between the two runs of the
experiment. This problem illustrates one of the tradeoffs we had to make when planning
the second run. Should we have kept the documents unchanged, thus geiting data that may
‘not be completely valid, or should we change the documents but get data that would be
hard to combine with the data from the initial ran? We chose to change the documents, and

in retrospect we feel the right decision was made.

We did not have the same problems with the generic documents because they were changed
only slightly between the two runs of the experiment. Thus the results indicate a significant
improvement of the defect detection rate in the generic domain due to the application of
PBR. _ _ -

4.2. Teams
4.2.1. The 1994 Experiment

' The defect detection rates of teams in the 1994 experiment reflected the same trends as the
individual rates. For the NASA documents, the defect detection rates were much Jower

- than they were for the generic documents, regardless of reading technique. But even more
importantly, the results from the pennutation test indicate that there are only random
differences between the two techniques in this case. This, together with the defect
‘coverage discussed in section 3.2, counts as evidence that the current perspectives do not
work as well with the NASA documents as they do with the generic documents.
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4.2.2. The 1995 Experiment

‘In the 1995 experiment, the team results for the generic documents showed that using PBR

--resulted in a significant improvement over the usunal technique. The reasons for this

observed improvement, as compared to the 1994 experiment, may include better training
sessions and a less intrusive environment, which in the 1995 experiment was a classroom
setting. This environment may have made it easier to concentrate on the experiment and
thus to keep the two techniques independent from each other. -

- For the NASA documents, the results were also better than in 1994. In addition to the
possible explanations mentioned for the generic documents, there is the fact that there were

-substantial changes to the documents. Thus, the results provide more evidence for the
1994 indication that the subjects tend to use their usual technique when reading familiar

"+ documents in a familiar work environment, and in particular when under pressure.

4.3. Threats to Validity

The threats to internal validity discussed in section 2 may have an impact on the results of
the experiment. Thus, at this point it may be interesting to see whether the potential impact
and the results agree. Below we discuss the threats that we find most important:

. History: One problem with our experiment is that it does not allow history effects to
- be separated from the change in technique. Since there was one day between the two
days of the experiment, some of the improvement that appears due to technique may be
attributed to other events that took place between the tests. We do not consider this
- effect 1o be very significant, but we cannot completely ignore it.

« Maturation: We may assume the results obtained in the afternoon to be worse than
the results from the moming session because the subjects may get tired and bored.
Since the ordering of documents and domains was different for the two days, the
differences between the two days may be disturbed by maturation effects. Looking at
the design of the experiment, we see that an improvement from the first to the second
day would be amplified for the generic documents, while it would be lessened for the
NASA documents. Based on the results from the experiment, we See that this effect

seems plausible.
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* Testing: This may result in an improvement in defect detection rate due to leamning the
techniques, becoming familiar with the documents, becoming used to the experimental
environment and the tests. This effect may amplify the effects of the historical events
and thus be part of the reason for improvement that has previously been considered a
result of change in techmque Testmg effects may counteract maturation effects within
each day.

-+ Reactive effects: The change of experimental environment between the experiment
runs may have made it easier to concentrate on the techniques and tests to be done, thus
separating the techniqgues better for the second run of the experiment.

We cannot say anything conclusive about the impact of threats to validity. However, we
feel that we have taken them into account as carefully as pOSSlblC given the nature of the
problem and our experimental design. ' o ' '

- Since the two runs of this experiment have been done in close cooperation with the NASA
SEL environment, it seems natural to conclude this section with a discussion of the extent
to which the results can be generalized to a NASA SEL context. This kind of
generalization involves less of a change in context than is the case for an arbitrary
organization; in particular the differences in populations can be ignored since the populauon
~for the experiments is in fact all of the NASA SEL developers

Clearly, the results for the generic documents cannot be generalized io the NASA

documents due to the difference in nature between the two sets of documents. The results

- for the NASA documents, on the other hand, may be valid since we used parts of real
NASA documents. Finally, there is a potential threat to validity in the choice of

‘experimental environment. In 1994, the experiment was carried out in the subjects’ own
environment, and thus would be valid also in a real setting. We cannot assume the same
for the 1995 results since this run was done in a classrooimn situation. '

5. Observations on Experimental Design
*‘We have encountered problems in the two runs of the experiment which we have
- previously discussed. However, some of these problems are of a general nature and may

be relevant in other expenmental situations.

*  What is a good design for the experiment under investigation, given the constraints?
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There appears to be no easy answer to this question. Each design will be a result of a

- number of tradeoffs, and it is not always possible to know how the decisions will

influence the data. A good design can have various interpretations based on what are
considered the goals for the experiment. One option is to use different designs
involving different threats to validity and study the results as a whole. )

-What is the optimal sample size? Small samples lead to problems in the statistical
analysis while large samples represent major elpenses Jor the organization providing
the subjects.

Organizations generally have limits for the amount of subjects they are willin g to part
with for an experiment, so the cost concerns are handled by the organizations
themselves. A small sample size requires us to be careful in the design in order to get as
many useful data points as possible. For this experiment, an example of such a tradeoff
is that we chose to neglect learning effects in order to avoid spending subjects on

- control groups. This gave us more data points to be used in analyzing the difference
between the two techniques, but at the same time we remained uncertain as far as the
threat to internal validity caused by learning effects is concerned. '

- We need to adjust to various constraints - how far can we go before the value of the

experiment decreases to a level where it is not worthwhile ?

Our problem as experimenters is to maintain ecertain level of validity while stil
generating sufficient interest for an organization to allow us to conduct the experiment.
From an organization's point of view, an experiment should be closely tied to their own
environment to see if the suggested improvement works with minimal effort in terms of

- environmental changes. From an experimental point of view, however, we are -

- interested in a controlled environment where disturbing interaction effects are -

negligible.

To what extent can experimental aspects such as design, instrumentation and
- environment be changed when the experiment still is to be considered a replication?

One requirement for being considered a replication is that the main hypotheses are the
same. Changes in design and instrumentation, in particular to overcome threats to

35




validity, should also be considered "legal”. However, one situation we should avoid is
- making substantial changes to the design based on the results from a previous
_experiment. This will introduce dependencies between the experiments that are highly
undesirable from a statistical point of view. '

For this experiment in particular, there are various problems that we need to study more
carefully. The threats to validity should be carefully examined; in particular we feel the
testing effects to be crucial. An experiment with a control group could be one way of
‘estimating what the importance of these effects really are. We may also consider a more
careful analysis of the NASA documents and environment in order to refine PBR to these
particular needs. The results indicate that the choice of perspectives and associated

. .scenarios do not match the needs of the NASA dormain.

. A more fundamental problem that should be considered is to what extent the proposed

. technique actually is followed. This problem with process conformance is relevant in
experiments, but also in software development where deviations from the process to be
followed may lead to wrong interpretation of measures obtained. For experiments, one
~problem is that the mere action of controlling or measuring conformance may have an
impact on how well the techniques work, thus decreasing the external validity.

- Conformance is relevant in this experiment because there seems to be a difference that
‘corresponds to experience level. Subjects with less experience seem to follow PBR more
closely ("It really helps to have a perspective because it focuses my questions. I get
confused trying to wear all the hats!"), while people with more experience were more likely
to fall back to their usual technique ("I reverted to what I normally do.”).

- There are numerous alternative directions for the continuation of this research. For further
experimentation within NASA's SEL it seems to be necessary to tailor PBR to more closely
match the particular needs of that domain. A possible way of further experimentation
would be to do a case-study of a NASA SEL project to obtain more qualitative data.

We may also consider replication' of the generic part of the experiment in other
‘environments, perhaps even in other countries where differences in language and culture
may cause effects that can be interesting targets for further investigation. These replications
can take the form of controlled experiments with students, controlled experiments with
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~subjects from the industry using their usual technique for comparison, or case studies in
~industrial projects. - ' '

One challenging goal of a continued series of experiments will be to assess the impact that

- the threats to validity have. Since it is often hard to design the experiment in a way that
controls for most of the threats, a possibility would be to concentrate on certain threats in
each replication to assess their impact on the results. " For example, one replication may use
control groups 1o measure the effect of repeated tests, while another replication may test

' explicitly for maturation effects. However, we need-to keep the replications under control
as far as threats to exzernal validity are concerned, since we need to assume that the effects
we observe in one replication will also occur in the others.
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A. Sample Requirements

. . Below is a sample requirement from the ATM document which tells what is expected when
.~ the bank computer gets a request from the ATM to verify an account:

Functional requirement 1
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Description: The bank computer checks if the bank code is valid. A bank code
1s valid if the cash card was issued by the bank. B

Input: Request from the ATM to verify card (Senal number and
C password) - : R
Processing: .- Check if the cash card was issued by the bank

“‘Output: . Valid or invalid bank code. '

We also include a sample requirement from one of the NASA documents in order to give a
picture of the difference in nature between the two domains. Below is the process step for

calculating adjusted measurement times:
Calculate Adjusted Measurement Times: Process

1. Compute the adjusted Sun angle time from the new packet by

Veadi = b T 1 pias

2. Compute the adjusted MTA measurement time from the new packet by
Urog = Ir F I pia

3. Compute the adjusted nadir angle time from the new packet.

a. Select the most recent Earth_in crossing time that occurs before the Earth_in
crossing time of the new packet. Note that the Earth_in crossing time may be from
a previous packet. Check that the times are part of the same spin period by

<E T

e~ e=oul max " spin.user

b. If the Earth_in and Earth_out crossing times are part of the same spin period,
compute the adjusted nadir angle time by |

f

&= +t-o T
te-a_dj = = = +tebms
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= 4. Add the new. packet adjusted times, measurements, and quality flags into the first buffer
position, shifting the remainder of the buffer appropriately. - -

5. The Nth buffer position indicates the current measurements, observation times, and

quality flags, to be used in the remaining Adjust Processed Data section. If the Nth buffer
does not contain all of the adjusted Gimes (2, .52 .4 1.4 204 1, ,5), et the corresponding

" time guality flags to indicate invalid data.
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Footnotes

1ISERN is the International Software Engineering Research Network whose goal isto
support experimental research and the replication of experiments.

2 SAS® is the registered trademark of SAS Institute Inc.

3 IMP® is a trademark of SAS Institute Inc.
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