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ABSTRACT
Background: Developing correct software requirements is
important for overall software quality. Most existing quality
improvement approaches focus on detection and removal of
faults (i.e. problems recorded in a document) as opposed
identifying the underlying errors that produced those faults.
Accordingly, developers are likely to make the same errors
in the future and fail to recognize other existing faults with
the same origins. Therefore, we have created a Human Error
Taxonomy (HET) to help software engineers improve their
software requirement specification (SRS) documents. Aims:
The goal of this paper is to analyze whether the HET is use-
ful for classifying errors and for guiding developers to find
additional faults. Methods: We conducted a empirical study
in a classroom setting to evaluate the usefulness and feasi-
bility of the HET. Results: First, software developers were
able to employ error categories in the HET to identify and
classify the underlying sources of faults identified during the
inspection of SRS documents. Second, developers were able
to use that information to detect additional faults that had
gone unnoticed during the initial inspection. Finally, the
participants had a positive impression about the usefulness
of the HET. Conclusions: The HET is effective for identify-
ing and classifying requirements errors and faults, thereby
helping to improve the overall quality of the SRS and the
software.

Keywords
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1. INTRODUCTION

code. Much research and experience has shown that devel-
opers introduce problems during various stages of the devel-
opment process. Identifying and correcting such problems
can be quite costly. Software engineering researchers have
devoted significant attention to improving software qual-
ity. Most of this attention has traditionally focused on ap-
proaches that address the faults, i.e., the problems recorded
in various software engineering artifacts. To provide a com-
prehensive picture of the problem, it is also important to
understand and address the underlying cause of the faults,
i.e. the human mental errors. Identifying these human men-
tal errors can help developers understand why problems oc-
curred, find and fix related faults, and prevent errors from
happening in the future.

The development of the software requirements specifica-
tion (SRS) is the first and most crucial stage in the software
engineering lifecycle. During this phase, developers com-
municate with various stakeholders to elicit and document
customer needs and specify the solution. Development of the
SRS is especially defect-prone because of the ambiguities of
natural language and the concomitant difficulty in commu-
nicating with all relevant stakeholders. If these SRS defects
are not detected and repaired at the requirements stage,
they become more expensive to fix. Developers often spend
40-50% of their effort fixing problems that should have been
fixed earlier in the software lifecyce [1]. Therefore, our work
focuses on identifying the human mental errors that caused
the requirement defects to reduce the chances of those de-
fects propagating to later stages.

Because the software development process is a human-
based activity, it is reasonable to investigate the applica-
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The software development process is human-centric as de-
velopers interact with customers and users to document cus-
tomer needs into software requirements and then transform
those requirements into architecture, design, and ultimately

Other researchers have recognized this need to understand
the human errors that cause the faults, and have proposed
various solutions. Root Cause Analysis helps developers
identify systematic development problems, characterize the
source of faults, and identify process improvement needs
based on those sources [9]. Orthogonal Defect Classifica-
tion provides in-process feedback to developers and helps
them identify faults as early as possible [3]. Error Abstrac-
tion help developers identify the errors that underlie the
faults detected during an inspection and provides guidance
on how to reinspect to find additional errors and faults [7].
While all of these approaches seek to understand the source
of problems, none of these have a strong connection to work
in cognitive psychology, which has a long history of studying
human errors and their manifestations and consequences in
many domains.



tion of insights from research in cognitive psychology. Re-
quirements faults are often the result of failings in human
thought. For example, a case study by Trevor and Jim
found that software problems resulted from phenomena as-
sociated with human mental processes, which were not di-
rectly related to software engineering [14]. In another exam-
ple, Lopes and Forster provided a proof of concept that the
use of human error theories can improve the quality of soft-
ware requirements [10]. These studies help establish that the
use of human error theories can improve software quality by
helping developers better understand problems in the devel-
opment of the SRS and by reducing the number of inserted
defects.

Employing error research from the cognitive psychology
literature, we developed a taxonomy of human errors that
can occur during the development of an SRS. Our Human
Error Taxonomy (HET) was informed by a systematic liter-
ature review that combines research from software require-
ments with research from cognitive psychology. Working
with a Cognitive Psychologist (the last author of this pa-
per), we analyzed the human error literature to determine
how cognitive theories can be applied to software engineer-
ing problems. As a result, our taxonomy is theoretically-
grounded in appropriate research results. Section 2.3 pro-
vides an overview of the HET.

The goal of this paper is to investigate the feasibility of
using the HET to support the SRS inspection process. The
primary contributions of this paper are (1) evaluation of the
feasibility of the HET for supporting inspection of an SRS
and (2) an analysis of the types of human errors that novice
developers make while developing an SRS.

The remainder of this paper is organized as follows: Sec-
tion 2 provides background. Section 3 provides a description
of a feasibility study conducted to evaluate the effectiveness
and efficiency of the proposed approach. Section 4 describes
the analysis and result of the study. Section 5 summarizes
and discusses the results. Section 6 discusses the threats to
validity of this study, followed by a brief conclusion of this
paper and ideas for future studies in Section 7.

2. BACKGROUND
This section provides background information on topics

relevant to our study. Section 2.1 describes previous re-
search showing the value of building taxonomies of software
requirements problems. Section 2.2 explains the process of
error abstraction. Section 2.3 describes the HET that is the
subject of this study.

2.1 Fault-Based Taxonomies
Because this work makes use of a taxonomy of problems,

it is important to understand prior work on creating tax-
onomies of software problems. Researchers studying early-
lifecycle quality improvement methods have developed tax-
onomies of software faults. Subsequent empirical evalua-
tion showed that such taxonomies can help developers im-
prove software quality [4, 5, 11, 2]. However, these ap-
proaches cannot help developers identify the full spectrum
of faults or how to improve development practices based on
such faults [18]. These taxonomies are also incomplete [8].
Thus, there is a need for new approaches that extend existing
taxonomies of problems, but overcome their shortcomings.
Specifically, there is a need to focus on the sources of the
problems (i.e. the human error).

2.2 Error Abstraction Process
The error abstraction process used in this paper is based

on previous work by Lanubile et al. [7]. Error abstraction
helps developers identify the root causes of requirements
faults. Each inspector will be trained on how to abstract
the underlying errors from related faults. The relationship
between errors and faults is many-to-many, that is one error
may cause multiple faults and one fault may be caused by
multiple errors. For example, the error of lack of communi-
cation between end users and requirement engineers can lead
to the faults of missing information or incorrect information.
Thus, using the error abstraction will help inspectors under-
stand the underlying causes for related faults and help them
identify additional faults, related to the abstract error, in
the SRS.

2.3 Human Error Taxonomy (HET)
Previously, Walia and Carver developed an initial Re-

quirement Error Taxonomy (RET) to provide structure to
the process of identifying human errors in the development
of SRS documents [16]. They subsequently validated the
usefulness of the RET through a series of empirical stud-
ies [17]. Key findings from these studies include (1) use of
structured error information improves fault detection effec-
tiveness compared with using only fault information and (2)
the use of human error information is beneficial for the pre-
vention of requirements problems. The primary weakness
of the RET was that, while it was inspired by human er-
ror research in cognitive psychology, it lacked a strong and
direct tie to existing human error taxonomies. To address
this weakness, we developed the Human Error Taxonomy
(HET).

In order to build a formal and theoretically sound er-
ror taxonomy, we conducted a systematic literature review.
First, we analyzed how the findings from human error re-
search can be applied to the software engineering domain.
Then, we analyzed human error research published in the
software engineering literature to determine the degree of
fit to psychological literature on human errors. The results
of this analysis was a set of 15 error classes that described
common problems that occur during the development of SRS
documents. The last step was to map these error classes into
one of the existing human error taxonomies from cognitive
psychology.

Then, we mapped information about requirement error
from the software engineering literature to human error tax-
onomies from the cognitive literature. After examining a
number of taxonomies, we chose the Slips, Lapses, and Mis-
takes taxonomy by Reason [13]. We chose this taxonomy be-
cause it establishes a strong association between the human
information processing model and cognitive mechanisms like
inattention, memory failures, and lack of knowledge. These
cognitive mechanisms are easy to understand and relate to
when classifying a given human error into the category of
slip, lapse or mistake.

Slips and Lapses describe errors that occur when a planned
action was not executed or completed as intended. A Slip
error occurs when someone carries out a planned task in-
correctly or in the wrong sequence. For example, someone
intended to pour milk on his/her morning cereal but instead
pours orange juice. Lapse errors are generally memory re-
lated failures. They occur when someone forgets a goal in
the middle of a sequence of actions or omits a step in a



routine sequence. For instance, someone enters a room to
accomplish some task, but upon entering the room forgets
the planned task. Conversely a Mistake is a planning error
in that someone designed an incorrect plan to achieve the
desired goal. In this error, the plan is executed properly, but
the plan itself was inadequate to achieve the intended out-
come. For example, suppose you are driving your usual route
work and encounter traffic. You devise an alternate plan to
travel to work via a different route. On your new route, you
encounter unexpected road construction and must return to
the original route. Your plan was wrong because your model
of the city traffic pattern was wrong.

Full details of the HET and its development are beyond
the scope of this paper. Table 1 provides an overview of the
HET. The details can be found in a document on a webpage
created for this paper: http://humanerrorinse.org/Studies/
2015/Fall UA/index.htm

One example of an error from the Environment class of
the Mistake type in the HET and the resulting fault is:

Error : When documenting software requirements, the de-
velopers did not use a standard requirement specification
template (e.g., the IEEE standard). In this case, the correct
tools for requirement specification were not used.

Fault : Requirements about the system scope and perfor-
mance were omitted.

3. EXPERIMENT DESIGN
The major goal of this study is to investigate the feasibil-

ity of using the HET to support the SRS inspection process.
The following subsections describe the research questions
and hypotheses, the participants, and study procedures.

3.1 Research Questions and Hypotheses
To address the overall study goal, we explored three dis-

tinct research questions. Along with each research question,
we define specific research hypotheses.

RQ1: Does the HET provide a useful method of describing
and classifying the errors and faults made during develop-
ment of an SRS?

As described in Section 2.3, the HET is comprised of
three high-level error types and fifteen detailed error classes.
Based on our literature review, each of these error types and
classes has both theoretical and empirical support. By in-
corporating previous reports of errors made during the de-
velopment of an SRS, the error classes in the taxonomy are
likely to re-occur at a later time in the same SRS develop-
ment effort or in future SRS development efforts. The focus
of this research question is to understand whether these er-
ror types and classes actually describe real problems that
occur in the SRS. To ensure that the taxonomy is valid, we
also need to understand whether all of the error types and
classes are necessary.

Hypothesis 1: Developers will find errors and related
faults that fit into each of the three high-level error types and
the fifteen low-level error classes (i.e., the observed frequency
will be greater than 0).

Based on our HET, the Mistakes error type has the largest
number of error classes. The study of Kraemer and Carayon
also pointed out that the mistake errors are the most com-
mon in the area of computer and information security [6].

Hypothesis 2: Developers will make more Mistake errors
and faults.

Figure 1: Experiment Procedure

RQ2: Do the errors identified by the HET lead to additional
faults being identified during reinspection?

Once a development team becomes aware that they have
made an error during the creation of the SRS, they may
identify additional faults related to that error. To further
understand the usefulness of the HET, we need to determine
whether knowledge of errors can lead developers to find ad-
ditional related faults.

Hypothesis 3: Development teams will find additional
faults when reinspecting their SRS document guided by knowl-
edge of existing errors (i.e., the observed frequency will be
greater than 0).

RQ3: Do developers think the HET is helpful?
This question focuses on the developers’ subjective im-

pression of the HET. Similar to the prior work of Walia and
Carver [17], because error abstraction and classification is a
subjective process, we also measured effectiveness through a
developer survey after using the HET.

Hypothesis 4: Developers believe that the HET is useful
for abstracting and classify requirement errors.

3.2 Participants
The study included twenty-eight senior-level undergradu-

ate computer science students enrolled in the Fall 2015 cap-
stone project course at The University of Alabama. The pri-
mary course goal was for student teams to proceed through
requirements elicitation/documentation, design, implemen-
tation, and testing to build a complete software system. Sep-
arate from the design of this study, the course instructor
(who is not part of the research team) divided the students
into eight three- or four-person teams. Each team devel-
oped their own system (as described in Table 2) and all the
requirements documents were all textual.



Table 1: Human Error Taxonomy
Reason’s
Taxonomy

Human Error Taxonomy Error Description

Slips
Clerical Errors (CE) Due to carelessness while performing mechanical transcrip-

tions from one format or from one medium to another.
Lack of consistency in the requirement
specification (LC)

occur when requirement authors are not able to articulate
and organize the requirements in a consistent manner, even
when they have a clear idea of user needs.

Lapses
Loss of information from stakeholders
(LI)

Forgetting, discarding or failing to store information or doc-
uments provided by stakeholders.

Accidentally overlooking requirements
(AO)

Many requirements, both functional and non-functional, are
accidentally overlooked.

Mistakes

Application Errors (AE) Arise from a misunderstanding of the application or problem
domain.

Environment Errors (EE) Due to a misunderstanding or misuse of the hardware or
software environment of a given project.

Information Management Errors (IM) Due to a lack of knowledge about standard procedures.
Wrong Assumptions (WA) Happens here is creation of mistaken assumptions about fea-

tures and opinions of stakeholders.
Low Understanding of one another’s
Roles (LU)

Domain knowledge and perspectives vary between roles,
which necessitates considerable communication among mem-
bers of the software engineering team.

Mistake belief that it is impossible to
sppcify non-functional requirements in
a verifiable form (MB)

Major causes of this problem are the prevalent myths that it
is too costly, too difficult, and even impossible to produce
good requirements, especially nonfunctional requirements,
during the software engineering process.

Not having a clear distinction between
client and users (CD)

Fail to gather and analyze requirements from the userâĂŹs
point of view.

Lack of awareness of sources of require-
ments (LA)

Requirements gathering person is not aware of all stakehold-
ers which he/she should contact in order to gather the com-
plete set of user needs.

Problem-Solution Errors (PS) Due to not knowing, misunderstanding, or misuse of problem
solution processes.

Inadequate Requirements Process (IR) The requirements engineering plan is incomplete or inade-
quate for the current project.

Syntactic Errors (SE) Syntax describes the grammatical rules for specifying correct
arrangement of elements to produce meaning.

Table 2: Teams and System Description
Team # System Name and Description # Page # Req
1 Grade Keeper: manage student course information 21 14
2 Tenant Tracker: provide communication between property managers and tenants 22 12
3 Nutrition: keep track of the food the users have eaten 15 7
4 Opus: share pictures of interesting items in the local community 14 7
5 Robotics Score: manage the scores for a robotics competition 15 19
6 Promo Pass: manage business promotion information for customers 22 4
7 Bowling: create and manage a bowling game session 17 13
8 Is Open: manage detailed information about local businesses 8 9

3.3 Procedure
The study procedure included two training sessions, five

experimental steps, and a post-study survey. Figure 1 illus-
trates the process, which is described below.

Training 1 - Fault checklist technique: The goal of
the initial training was to introduce the types of faults that
can occur when developing an SRS. Using a requirements
fault checklist [12], we provided detailed information about
the important types of faults. We also trained the partici-
pants on how to use the checklist to inspect an SRS and on
how to record the faults found during that inspection. This

training session lasted approximately 15 minutes.
Step 1- First Inspection (Individual Inspection):

We randomly assigned each participant to evaluate an SRS
developed by another team. The participants then used the
fault checklist (from Training 1) to inspect the assigned SRS
and identify faults. Each participant completed an Individ-
ual Fault Form to list the faults found during the inspection.
The output of this step was 28 Individual Fault Forms (one
per participant).

Step 2 - Team Meeting to Consolidate Faults: Each
team received the Individual Fault Forms submitted by the



participants who inspected their SRS (Step 1). As a group,
each team examined these fault lists to remove duplicates
and consolidate the faults into one master list, which they
recorded on the Group Form. The output of this step was
eight Group Forms (one per team).

Training 2 - Error abstraction and classification:
During the first 20 minutes, we trained the participants on
the error abstraction process, including how to abstract er-
rors from faults. Then we spent 20 minutes training the
participants on the HET and how to use it to abstract and
classify requirements errors. We described each HET error
class and provided an illustrative detailed example.

Step 3 - Error Abstraction: Based on Training 2,
each team used the HET to abstract and classify the errors
recored on their Group Form from Step 2. They recorded
these errors in an Abstraction Form. The output of this step
was eight Abstraction Forms (one per team).

Step 4 - Re-inspecting the SRS: Using the errors ab-
stracted in Step 3, each participant individually reinspected
their own SRS document to identify any additional faults
related to these errors (i.e. faults not found by their class-
mates in Step 1). The participants recorded these additional
faults on the Reinspection Form. The output of this step was
28 Reinspection Forms (one per participant).

Step 5 - Coordinating the individual fault lists:
This step is equivalent to Step 2, except that the teams used
the faults found in the reinspection (Step 4). Each team
produced a Final Group Fault Form reporting the agreed-
upon list of faults. The output of this step was eight Final
Group Fault Forms (one per team).

Post-study Survey: At the end of the study, each par-
ticipant provided subjective feedback about the error ab-
straction process and the use of the HET. The details of
the survey and the specific questions are listed in Table 6 in
Section 4.3.

The study materials, including training slides and infor-
mation about the HET can be found here:
http://humanerrorinse.org/Studies/2015/Fall UA/index.htm.

3.4 Data Cleaning and Analysis Process
After completing the study procedure, we determined that

Teams 7 and 8 did not follow steps 2-5 correctly and failed
to provide the required data. The members of these teams
did perform Step 1 correctly to provide input to the other
teams. Therefore, for the remainder of the paper, we report
the results for the six teams that followed the instructions
for steps 2-5. These six teams contained a total of twenty-
one participants. For the statistical analysis, selected an
alpha value of 0.05 to judge the statistical significance of
the results.

4. ANALYSIS AND RESULTS
This section provides a detailed analysis of the data col-

lected during this study. The analysis is organized around
the hypotheses posed in Section 3.1.

4.1 RQ1: Does the HET provide a useful method
of describing and classifying the errors and
faults made during development of an SRS?

Because we are interested in characterizing the overall
usefulness of the HET, for the analysis in this section, we
include data from the entire process (i.e. the Individual

Figure 2: Team Errors by Error Type

Fault Forms, Group Forms, Abstraction Forms, Reinspec-
tion Forms, and Final Group Fault Forms).

H1: Developers will find errors and related faults that fit
into each of the three high-level error types and the fifteen
low-level error classes (i.e., the observed frequency will be
greater than 0).

First, for the high-level error types, Figure 2 shows that
all six teams made errors from each of the three error types.
We ran three one-sample t-tests to determine whether the
frequency errors of each type was significantly greater than
0. In all three cases, the number of errors was significantly
higher than 0: Slips (p=.01), Lapses (p=.005), and Mistakes
(p=.001).

Figure 3 shows the distribution of the faults (grouped by
error type) made by each team. Similar to the data on
errors, this data shows that all six teams also made faults
that are classified into each of the three error types. We
again ran one-sample t-tests to see if the frequency of these
faults is significantly greater than 0. Again, in all three cases
the number of faults was significantly greater than 0: Slips
(p=.021), Lapses (p=.006), and Mistakes (p=.002).

Second, Table 3 shows the distribution of the errors among
the 15 low-level error classes for each team. According to
the table, eleven of the fifteen error classes were represented
in at least one SRS document. Similar to the analysis of the
error types, we conducted a series of one-sample t-tests to
determine if the number of faults in each class was signifi-
cantly greater than 0 across all teams. The shaded cells in
the last column of Table 3 indicate which error classes had
an error frequency that was significantly higher than 0.

Table 4 shows the distribution of the faults (grouped by
error class) for each team. Similar to the errors, this data
shows that developers also make faults that are classified
into most, but not all, of the error classes. Not surprisingly,
the same error classes that were missing errors are also miss-
ing faults. The shaded cells in Table 4 indicate the error
classes for which the frequency of errors was significantly
greater than 0.

H2: Developers will make more Mistake errors and faults.
Table 5 shows the percentage of errors and faults from



Figure 3: Team Faults by Error Type

Table 3: Team Errors by Error Class
Error T1 T2 T3 T4 T5 T6 % of total
types errors
CE - 2 3 1 3 - 8%
LC 2 8 - 1 - 5 13%
LI - 4 3 - - 3 8%
AO 4 5 8 5 1 2 21%
AE - - 1 - 1 - 2 %
EE 2 - - - 1 - 3%
IM 2 6 - 7 3 - 15%
WA 2 3 - - - 6 9%
LU - - - - - - -
MB - - 10 1 1 - 10%
CD - - - - - - -
LA - - - - - - -
PS - - - - - - -
IR - - 1 - 1 5 6%
SE - 6 1 - - - 6%

shaded cells indicate result was significantly greater than 0

Table 4: Team Faults by Error Class
Error T1 T2 T3 T4 T5 T6 % of total
types faults
CE - 2 3 1 3 - 6%
LC 2 12 - 1 - 8 14%
LI - 8 3 - - 8 12%
AO 4 5 8 5 1 3 16%
AE - - 1 - 1 - 1%
EE 2 - - - 1 - 2%
IM 3 7 - 10 3 - 14%
WA 2 9 - - - 9 12%
LU - - - - - - -
MB - - 10 1 1 - 7%
CD - - - - - - -
LA - - - - - - -
PS - - - - - - -
IR - - 1 - 2 12 9%
SE - 7 2 - - - 6%

shaded cells indicate result was significantly greater than 0

Table 5: Comparison of Error Types
Variable Slip lapse mistakes p-value

Total Errors 21% 29% 50% < 0.001
Total Faults 20% 28% 52% < 0.001

Figure 4: Faults found during Reinspection
Grouped by Error Type

each error class across all teams. The results of the χ2 test
(against a uniform distribution) shows that the distribution
was significantly different from uniform. Examining the dis-
tribution shows that Mistake errors were responsible for half
of the errors and faults.

4.2 RQ2: Do the errors identified by the HET
lead to additional faults being found dur-
ing reinspection?

This question focuses only on the value of the errors during
the reinspection process. So, for this question we analyze on
the data reported on the Reinspection Forms to test this
hypothesis.

H3: Development teams will find additional faults when rein-
specting their SRS document guided by knowledge of existing
errors (i.e., the observed frequency will be greater than 0).

During the Reinspection Step (Step 4 in Figure 1),
members of each team inspected their own SRS guided by
the errors identified in the Error Abstraction Step (Step
3 in Figure 1). Because the reinspection was guided by the
already-identified errors, the teams were searching only for
new faults (not new errors). Figure 4 shows the number
of faults found during the reinspection by error type. The
results show, similar to RQ1, faults related to the Mistake
error type were the most common in the reinpsection. The
results of the one-sample t-test show that the frequency of
faults found in the Slip and Mistake types were significantly
greater than 0 (p =.038 and .007 respectively).

Figure 5 shows the number of faults found during the rein-
spection by error class. The one-sample t-tests did not show
that the frequencies of any individual error class was signif-
icantly greater than 0.



Table 6: Post-Study Survey
Characteristic Item Statement

Usefulness

Usefulness 1 The HET is helpful for
identifying faults

Usefulness 2 The HET is complete

Usefulness 3 The HET will be useful
on future project

Usefulness 4 The HET is helpful in
improving the SRS

Usefulness 5 The HET is helpful to
detect overlooked faults

Usefulness 6 The effort on using
HET is valuable

Intuitiveness
Intuitiveness 1 The HET is intuitive

Intuitiveness 2 I am confident that
errors represent real
problem

Confidence Confidence I am confident in the
(con) error abstraction
Understand Understand The HET is easy
(under) to understand
Classification Classify The HET is easy to use
(cla) to classify errors
Abstraction Abstract The HET is easy to use
(abs) to abstract errors
Helpful Helpful The HET is helpful for
(help) understanding the faults
Orthogonality Orthogonal The HET is orthogonal
(ort)
Clear training training The training I received
(clear) on HET is clear

4.3 RQ3: Do developers think the HET is help-
ful?

Using the data from the post-study survey, we tested the
following hypothesis.

H4: Developers believe that the HET is useful for abstracting
and classifying requirement errors.

Based on previous studies by Walia and Carver to obtain
subjective feedback on the usefulness of the RET [15], we
developed a post-study survey to evaluate nine specific char-
acteristics of the HET: usefulness, intuitiveness, confidence,
understandable, classification, abstraction, helpful, orthog-
onality and clear-training materials. Because we wanted to
consider usefulness and intuitiveness a little more broadly
than in the previous work, we added some dimensions to
those two attributes. The participants were asked to use
a 5-point scale ranging from 1 - strongly disagree to 5 -
strongly agree to indicate their level of agreement about a
series of statements related to these characteristics. Table 6
lists the statements included on the survey. As the survey
was not mandatory, only 12 students responded.

Figures 6, 7, and 8 shows the distribution of the responses
for each characteristic (Figure 6 has the characteristics with
only one question each and Figures 7 and 8 have the char-
acteristics with multiple questions).

The results show that, in general, the participants viewed
the HET positively for all attributes. There are no cases

Figure 5: Faults found during Reinspection
Grouped by Error Class

for which an attribute received more low ratings than high
ratings. To determine whether these attributes were rated
significantly higher than the mid-point of the scale (3), we
conducted a one-sample t-test for each characteristics. The
results in Table 7 show that respondents viewed the HET
significantly positive on most, but not all, attributes.

5. SUMMARY AND DISCUSSION OF THE
RESULTS

The major focus of this study was to investigate the fea-
sibility of using the HET to guide the inspection of SRS
documents. If we can establish the feasibility of the HET,
then future studies can provide more detailed evaluations of
various aspects of the HET to ensure its usefulness in real de-
velopment environments. To provide insight into that goal,
this section provides answers to the three research questions
posed in Section 3.1 with a detailed discussion and interpre-
tation of the results in Section 4.

5.1 RQ1: Does the HET provide a good method
of describing and classifying the errors and
faults made while developing the SRS?

This section examines the results in terms of the error
types and the error classes. Then it describes some addi-
tional analysis to provide more insight into the results.

5.1.1 High-level Error Types
The results from Section 4.1 showed that the frequency of

errors and faults committed is significantly higher than 0 for
each of the error types. This result suggests that all three
error types in the HET are important because developers
made errors and faults in each one of them. The results
also showed that the most common type of error and fault
was Mistake. There are three potential explanations for the
higher number of Mistakes. First, in the HET, there are
more error classes in the Mistake error type than in the other
two error types. Second, Mistakes usually occur because of



Figure 6: Responses for Single Attribute Character-
istics

Figure 7: Responses for Usefulness Characteristic

Figure 8: Responses for Intuitiveness Characteristic

Table 7: One sample T-test of nine characteristics
Error types p-Value Lower Upper

Interval Interval
abs 0.023 0.01 1.16
clas 0.377 -.49 0.66

under 0.00 0.59 1.08
ort 0.110 -.23 .90
con 0.398 -.61 0.77

clear 0.014 0.08 1.09
help 0.252 -.36 0.70

usefulness 1 0.013 0.10 1.45
usefulness 2 0.021 0.01 1.78
usefulness 3 0.011 0.14 1.36
usefulness 4 0.197 -.49 1.16
usefulness 5 0.013 0.10 1.23
usefulness 6 0.012 0.10 1.27

intuitiveness 1 0.083 -.20 0.53
intuitiveness 2 0.013 0.10 1.23

shaded cells indicate result was significantly greater than 3

a lack of knowledge, while Slips and Lapses tend to occur in
familiar situations when attention is diverted. Finally, slips
and lapses are often recognized and corrected quickly, and
so may not make their way into the SRS documents, while
mistakes tend to be more difficult to recognize and therefore
persist longer. In this study, the participants were university
students who lack experience and knowledge about software
engineering in general and software requirements specifically.
Therefore, they may be more prone to Mistakes.

5.1.2 Low-level Error Classes
The results from Section 4.1 also showed that developers

made errors and faults in most of the fifteen low level error
types. The most common error types are lack of consistency
in the requirement specification, loss of information from
stakeholders, accidentally overlooking requirements, infor-
mation management errors, and wrong assumptions. Con-
versely, four error types Low understanding of one another’s
roles, Not having a clear distinction between client and users,
Lack of awareness of sources of requirements, and Problem-
solution errors were not made by the developers in this study
(at least there were no errors of these types identified during
the inspections). From this one study, we are not yet ready
to remove these error types. It is possible that these were
not relevant to the SRS documents developed in this study.
It is also possible that developers made errors of these types,
but just did not detect them during the inspection process.
We still need to conduct additional studies before making
any final conclusions about the contents of the HET.

Further analysis of these results reveals that different teams
made different errors and resulting faults. No single error
class was responsible for the majority of the errors or faults.
For example, Teams 2 and 4 made a large number of Infor-
mation Management errors and faults, while the majority of
Team 3’s errors and faults resulted from the Mistaken belief
that it is impossible to specify non-functional requirements in
a verifiable form and Team 6 made the majority of its errors
and faults because of an Inadequate Requirements Process.

Another interesting observation is that some error classes
are more common across all teams than others. For example,
all teams made an error and related fault because of Acci-



dentally Overlooking Requirements. Four of the six teams
made errors and faults related to Clearical Errors, Lack of
Consistency in the Requirements Specification, and Infor-
mation Management. Other error types were not present at
all or were only present on two or three teams. These ob-
servations suggest that the SRS development process varies
across teams leading different teams to make different errors
and faults.

These team differences could arise through many different
reasons. Individual developers may have specific strengths
and weaknesses in software development, team dynamics
may play a role, and the characteristics of the system under
design may place distinct strains on the development effort.
Because our teams all worked on different projects with dif-
ferent members, we cannot analyze the contributing roles of
such factors. These factors are candidates for exploration in
future studies.

5.1.3 Additional Analyses
Our analysis of the results showed that three teams (T1,

T3, and T6) did not classify all abstracted errors into the
HET. To complete the dataset and ensure that no informa-
tion was omitted, the first author classified those errors into
their appropriate error classes and types. We report these
results here as a separate analysis rather than as part of the
main results since we did the classification rather than the
participants. This step resulted in 18 additional errors (9
in Team 1, 2 in Team 3, and 7 in Team 6) and 12 corre-
sponding faults (10 in Team 1, 2 in Team 3, and 9 in Team
6). This subjective classification did not change the overall
distribution of errors or faults.

5.2 RQ2: Do the errors identified by the HET
lead to additional faults being indetified
during reinspection?

One of the goals of this feasibility study was to understand
whether knowledge of errors would aid developers in finding
additional faults related to those errors. The main idea is
that once a team becomes aware that they have committed
an error (that is some human mental failing) in the SRS de-
velopment, it is likely that additional faults related to that
error are also present in the SRS. The amount of time that
development teams can devote to inspections may be lim-
ited. The results from Section 4.2 showed that all teams
found additional faults during the reinspection. If we can
show that knowledge of errors can lead to identification of
additional related faults, then teams might be able to better
focus their effort during a reinspection task.

One of the limitations of the feasibility study is the lack
of a control group. The goal of this study was not to com-
pare HET to another approach. As a result, we cannot draw
a conclusion about whether development teams would have
found more or less faults during a reinspection without guid-
ance from the error information. The goal of this study was
to show that use of error information could lead to detection
of additional faults. The next step in our work is to conduct
control group studies to determine whether the insights pro-
vided by the HET provide more assistance to a developer
than other approaches (e.g. a simple reinspection using the
same fault checklist as the first inspection).

5.3 RQ3: Do developers think the HET is help-
ful?

In order for an approach like the HET to be adopted, it
must show objective value (RQ1 and RQ2) and subjective
value. That is, if developers do not think the approach is
helpful or do not like the approach they are less likely to
use it, regardless of whether the objective data shows it to
be effective. The results from Section 4.3 showed that over-
all the participants had a favorable view of the HET. Most
participants either agreed or strongly agreed with each char-
acteristic. The participants indicated that the HET was
helpful for abstracting and classifying faults into errors and
that it was helpful for identifying additional faults during
the reinspection. We did not gather any qualitative feed-
back through interviews or additional survey questions. In
our future studies, we will gather more detailed feedback to
allow us to improve the HET.

6. THREATS TO VALIDITY
Because this study was a feasibility study with the pri-

mary goal of determining whether there was enough evidence
to proceed with more thorough evaluations, it has a number
of threats to validity. In our future studies, we will address
these validity threats through more complex designs.

Internal Validity
There are two primary internal validity threats: mortality

and lack of a control group. Regarding mortality, only six
of the eight teams submitted valid data. Even though it
is possible that the results would change if we had data
from all eight teams, we have no evidence to suggest that
the two missing teams would have behaved any differently.
Furthermore, only 12 participants responded to the post-
study survey. It is possible that only those participants who
viewed the HET as helpful took time to respond to the suvey.
But again, we have no evidence that those who responded
are different from those that did not.

The lack of a control group threat manifested itself in two
ways. First, because we did not have developers use other
approaches for classifying errors (like the RET) we cannot
conclusively determine that the HET is the most effective
approach. Second, because we did not have a control group
perform a reinspection using some other approach, like a
second fault-based inspection, we cannot be sure how many
of the additional faults found during the reinspection were
truly due to the use of the HET. We will eliminate this threat
by adding a control group in the future study.

External Validity
The participants were building a realistic system to solve

a problem they encountered in their own lives. However, the
participants were still undergraduate students in a classroom
environment, rather than professional developers in a real
environment.

Construct Validity
Because the SRS documents were developed as part of the

study, we do not know the real number of faults and errors
present. Therefore, our conclusions are based only on the
errors and faults actually detected.



7. CONCLUSIONS AND FUTURE WORK
The results of this feasibility study showed a positive im-

pact of the HET both objectively and subjectively. Objec-
tively, developers were able to abstract errors from faults
and classify those errors into the HET and were able to
use those classified errors to find additional faults during a
reinspection. Subjectively, the participants rated the HET
positively on a number of key characteristics.

Regarding the HET itself, the study showed that the three
high-level error types all made a useful contribution to de-
tection and classification of errors and faults. Likely because
of the low experience of the participants, Mistakes were the
most common error type. We anticipate that if we con-
ducted follow-on studies with participants of different levels
of experience, we may see slightly different distributions of
errors and faults.

Additionally, all but four of the low-level error classes were
present in the SRSs from the teams in this study. These
results indicate that overall the HET contains the right types
of errors to describe the problems that occur during SRS
development.

The study in this paper is a feasibility study geared to-
wards establishing that there is enough evidence to proceed
with more formal evaluation of the HET. To address some
of the limitations of the feasibility study, we plan to conduct
additional controlled experiments. We will run this study in
the same capstone course. We will give different teams differ-
ent error abstraction approaches and compare their perfor-
mance in detecting faults and errors in an SRS. We will also
study the usefulness of the HET for defection and preven-
tion by teaching students about it prior to the development
of their SRS to understand whether understanding the types
of errors that they can make will prevent developeres from
making those errors. Ultimately, we plan to replicate these
studies with professional developers to validate the results
in realistic situations.
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