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Abstract. Different Software Requirements Specifications (SRS) are
hard to compare due to the uniqueness of the projects they were cre-
ated in. Without such comparison, it is difficult to objectively determine
if a project’s SRS is good enough to serve as a foundation for project
success. We define a quality model for SRS and derive required metrics
using the Goal-Question-Metric approach. These metrics were applied
in roughly 40 student’s software projects. Based on this we find a qual-
ity threshold for project success. This paper contributes in three areas:
Firstly, we present our quality model. It was derived from literature, and
contributes to the discussion of how to objectively measure requirements
quality. Secondly, we share our evaluation approach and our experiences
measuring SRS quality. Others could profit, when planning to measure
requirements quality. Finally, we present our findings and compare them
to related studies in literature.

Keywords: Quality of Requirements, Metrics for Requirements.

1 Introduction

One of the main difficulties faced by Quality Management during the require-
ments analysis in software projects is to decide, whether a software requirements
specification (SRS) is good enough. This is due to two major problems:

1. It is hard to measure how good a SRS is, i.e. determine the quality of a SRS
in a quantifiable way.

2. If the quality of a SRS is determined, it still remains an open question,
whether the value is good enough or not. The quality of the SRS has to be
compared to other projects.

Basically, our hypothesis is that the quality of a SRS strongly influences the
probability of its project success. In this paper we show that the quality can
be measured mainly based on formal and objective metrics. This is important,
because it allows to assess the chances of a project based on SRS quality inter-
nally. If quality is below a certain quality threshold, the project is more likely

F. Bomarius et al. (Eds.): PROFES 2009, LNBIP 32, pp. 28 , 2009.
© Springer-Verlag Berlin Heidelberg 2009



Investigating the Impact of SRS Quality on Project Success 29

to fail. In order to determine this threshold we investigated roughly 40 projects
based on the Goal-Question-Metric method. Based on our results we found two
specific thresholds:

A lower threshold: Projects that have a SRS’s quality below this value are
highly endangered.

A higher threshold: Projects that have a SRS’s quality above this value are
likely to succeed.

These results have been discussed in [I]. In this contribution, we focus on
the methodology and comparison of our results. We start with an overview of
literature dealing with quality of requirement in Sect. 2l Based on this literature
we decided what aspects to measure. We give examples of some promising and
more sophisticated metrics in literature and discuss why they are not appropriate
to our work.

The Goal-Question-Metric method basically demands for a top-down ap-
proach. Therefore, we start by stating our measurement-goal and our hypotheses.
We also define, when a hypothesis is supported and when it is falsified. This is
done in Sect. 3

In Sect. [ we explain how the measurement was done. We summarize our
findings and discuss them. Finally, we compare them to the results of other
empirical studies.

Next, we need to show how trustworthy our results are: We think that our
empirical results are valuable to others and want to make them comparable (and
hence transferable). Therefore, we discuss the validity of our results in Sect. [l

We summarize our results in Sect. [fl We also give hints on how to enhance
the reliability of similar studies.

2 Requirements Quality in Literature

Quality aspects and metrics for requirements have been widely discussed in lit-
erature. The difficulties are well known and were often discussed (e.g. see [2]).
Obviously, it is very difficult to obtain objective data. For example, it is hard to
determine, whether a requirement specification is complete or not. Without the
original stakeholders it is impossible to decide if it contains all the requirements.

There are many textbooks [BJ4I5J6] that describe how to write high-quality
requirements specifications. The quality gateway in [5] is a well known example:
Only good requirements can pass it. A good requirement fulfills several quality
criteria. For example, only requirements are allowed to pass the quality gateway
that state how to decide whether they are met. However, this process does not
help to compare the requirements specifications of different projects.

Rupp [6] gives a more analytical approach to requirement’s quality. Well-
known quality aspects, like completeness, are revisited. But where the Robert-
sons [B] defined completeness based on requirements templates, [6] shows how
to find incomplete requirements based on natural language. Both approaches
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help to enhance the quality of SRS, but do not help to quantifiable compare it.
Nevertheless, the quality aspects in these textbooks are the foundation of our
work.

Davis [3] gives some suggestions on how to quantify the quality of a require-
ments document: Findings are weighted according to their severity. Accordingly,
the overall quality of a document is the amount of findings multiplied by their
weight. We integrated this suggestion as well as the proposed weights into our
approach. In order to compare two SRS, we had to normalize the result by the
amount of their requirements.

Besides the rather basic quality-metrics for requirements discussed above,
many more sophisticated ones were suggested in science. For example, the clear-
ness of terms is discussed in the CLEAR-method [7]. Another example is the
discussion of the ambiguity of and respectively or in natural language [§]. Based
on our measurement goals we had to discard these promising metrics, because
they either constructively influenced the RE-process or were simply too difficult
to measure.

3 Study Goals

The GQM (Goal-Question-Metric) method suggests a top-down way of goal-
oriented measurement. The basic steps are defining measurement goals, describ-
ing the goals in a more detailed way using a table (the Abstraction Sheet), to
formulate questions, and to derive metrics from the Abstraction Sheet that help
to answer the questions in a quantifiable way (see [9]).

By filling out the Abstraction Sheets we formulated hypotheses about how
good the quality goals are reached at the moment. Those hypotheses are expected
measurements results. After the elicitation of data we are able to verify the
hypotheses and determine if they were correct or not. We only give a sketch of
our GQM-tree, examples of metrics, and our main hypotheses here.
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Fig. 1. Measurement goals and metrics for Requirements Quality
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Figure [ gives an overview of goals and metrics in our study. We planned
to systematically measure the quality of Software Requirements Specifications
(SRS). We have two subgoals: the formal requirements quality and the content
related requirements quality. The main goal is to assess the quality of a SRS
and to draw a connection to project success. The term formal requirements
quality refers to verbalization rules as in [6] (e.g. completely specified process
words, avoidance of incomplete comparisons, etc.). In contrast, content related
requirements quality refers to goals that need interpretation to some extend. For
example to judge, whether the SRS contains a quality model or not, the assessor
has to search for quality aspects and decide, if they were sufficiently detailed.
Content related requirements quality is subdivided into general, technical, UI,
and quality aspects.

3.1 Project Settings

The objects of this study are software projects conducted in university teaching.
These software projects (SWP) are part of the curriculum of our bachelor in
computer science. All participants had basic courses in programming languages,
data structures and algorithms, as well as in software engineering and project
management. Participants with additional knowledge in one or more advanced
courses like databases, artificial intelligence, or requirements engineering were
evenly distributed among the project teams.

Each project team consists of five members. The students had to elect a
project manager among themselves for their course. The projects last one term
(four months) and students spent approximately 16 hours a week for their
project.

We try to let our students experience a realistic software project. Therefore,
each project has a customer with real interest in the final software product. This
is important to determine project success. In addition, we limit the time our
students may spend to interview the customer. Time for technical questions or
advice is also limited.

Our students have to follow a strict waterfall development process. They start
with an analysis phase, go on to design phase, and finally implement the software
in the last phase, before the customer accepts (or sometimes even rejects) the
software in a final test.

We measure the quality of SRS at the end of the analysis phase. At this
point the requirements are frozen and the design phase builds upon them. Our
motivation for this work is to identify projects that are in trouble. We run up to
9 projects in parallel. All projects reach the end of the requirements analysis at
the same time. A typical SRS has more than 30 pages and contains more than
50 functional requirements. If we want to help, we need to find the project that
needs our sparse resources the most.

3.2 Hypotheses

In order to judge a project’s success we interviewed each customer and asked
him to rate the success based on the following scale:
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[++] The project’s results (i.e. software) are used in the intended way.

[#1 The project’s results could be used in the intended way, but there are better
solutions available to reach the customer’s goals.

=1 Projects in this category failed to reach some of the customer’s goals. The
customer believes that these goals are reachable within a month of rework.

Bl This category consists of projects that failed to deliver working software.
These projects failed the acceptance tests and the customer does not believe
that it would pay off to continue the project.

Note that our definition of project success differs from [I0]: Our projects
cannot overrun time and budget, because they are stopped at the end of term.
If they cannot deliver, they have failed (category EE). Only projects in category
[++] are considered successful.

Concerning the relationship between SRS quality and project success we have
the following hypotheses:

Hypothesis 1. Projects with a high quality-score are more likely to succeed
(category [++]).
Influencing factors: Relationship between formal quality aspects and quality
of the SRS’s content as reported in [I1]. A high quality SRS might also be
a sign of well-organized teams, more likely to succeed in delivering valuable
software.
Hypothesis holds if we find an upper threshold with more than 75% of the
projects scoring above, fall in category #+ or [F1.

Hypothesis 2. Projects with very low quality-score are much more likely to
fail (category ).
Influencing factors: A low-quality SRS is bad enough. But teams that pro-
duce a bad SRS might have additional problems. For example, team members
may work against each other or may have a bad time-managing. These dif-
ficulties may multiply as the project proceeds.
Hypothesis holds if a lower quality-threshold can be found, with more than
75% of projects scoring below, fail (=71 or E).

4 Conduction and Findings

This section describes, how our study was conducted. It gives an example of a
metric and shows our results. We also discuss the implications for our metrics
and compare our results to others.

4.1 Strategy of Measurement

Concerning the elicitation of the quantitative data we defined basic constraints.
Because we wanted to compare 40 SRS and because of our limited resources
we had to limit the time for the elicitation. We planned to spend less than 240
minutes per SRS.
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We were interested in the relationship between formal quality aspects and
project success. Therefore, we decided not to take the customers point of view
into account (i.e. we did not measure whether the requirements were complete
from the customer’s point of view).

To enhance the speed of measurement we introduced a software tool to support
the assessment of a SRS. The whole text of a SRS was copied and pasted into the
tool. The tool separated each sentence and asked the assessor to decide whether
it was a functional, technical, UI, or quality requirement. After that it presented
each requirement and asked the assessor to look for each metric. Figure [2] shows
the general process of assessing a SRS.

[ Select textparts from SRS ]

Determine category of req. ] v ]
[ for each relevant sentence e, e e e .

- some metrics are applied to all req.

[ re ﬁﬁ:x:\?::fﬁ?ﬁ s:;h or }—— — - independently from its category

a gory (i.e. redundancy)

Determine total quality score of SRS
based on weights

@

Fig. 2. Activities of analyzing a SRS

For some metrics the tool included heuristic support. For example a full-text
search presented candidates for contradictory requirements. According to [12] a
metric should fulfil the following requirements:

Simplicity: Effort of interpretation should be adequate. Therefore, we give the
results in percentage or in numbers.

Validity: Reasonably correlation between metric and measured property. Met-
rics were created using the GQM-Method, the heuristic tool-support only
indicates possible flaws.

Stability: Stability of the metric against manipulation of lower subordinated
consideration. We consider this to be fulfilled because of using percentage
and numbers.

Timeliness: Elicitation must be early enough to be able to adjust the process.
This is met, because the measurement of the SRS takes place in the first
stage of the project.
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Analyzability: One should be able to put data of measurements in relation.
Our results are given in percentage or comparable numbers.

Repeatability: Objective measurement-criteria must exist. Subjective exertion
of influence must not be possible. This is only partly fulfilled because of the
subjective factors in some metrics (see section [H).

Table [I] gives an example of a metric.

Table 1. Example of a metric based on [I]

Metric Formular
Verifiable goals of reqs. X verifiable aspects of req.
Z allaspects of req.

Simplicity: Yes, because of percentage scale

Stability: Yes, because of percentage scale

Timeliness: Yes, because of measurement of the SRS in the first stage
of the project

Analysable: Yes, because percentage number can be easily compared

Repeatability: Partly, because the decision whether or not an aspect of
an requirement is verifiable, may differ from person to
person

4.2 Results and Discussion

Figure Bl show an excerpt from the data we obtained. This data covers the 16
projects conducted in the last two years. The colors of the bars reflect the part
of the goal-tree in figure [Tt

Gray: Results of metrics that belong to the formal requirements quality mea-
surement goal.

Light gray: Results of general metrics that hold for all requirements and belong
to the general content related requirements quality measurement goal.

White: Content related requirements quality metrics that are specific for non-
functional requirements.

In order to compare SRS of different projects, we want to determine a total
score for a single SRS. To do so, we take a list from quality aspects for require-
ments, that is based on widespread standards [I3] and pragmatic extensions [6].
For every aspect we add a weight, that indicates how important this quality
aspect is estimated to be according to Davis proposals [3].

Let m;(srs) be metric 7 applied to all requirements of the SRS and w; the
weight of a quality-aspect from the Tab. 2 that is associated with the metric i
as specified in our GQM-Model. The total score of a SRS with respect to quality
of requirements is:

f(srs) = Zwi *m;(srs) (1)
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Table 2. Weights of quality-aspects of requirements

Quality-aspect Weight (w)
Correctness 10
Feasibility 10
Without contradiction 10
Up to date 9
Verifiable goal of req. 8
Comprehensibility 5
Quality of Necessary 3
Completeness 2
Unambiguousness 2
Assigned priority 1
Legally classified 1

60—

B 0 ++] 5 B (] [#] B (4] (4] 4] (] B 4] [#4] [+4]

Failure predicted | . Success predicted

Fig. 3. Quality scores of SRS for 16 projects

Low values (below 40) indicate low SRS quality, with a high risk for errors.
Values above 44 indicate high quality. Interestingly, these results generally sup-
ported each project advisor’s gut feeling.

Based on our hypotheses in Sect. [3] we investigate our software projects’ re-
quirement specifications. We are interested in the dependency of a project’s
quality score and its success. The results support our hypotheses:

Hypothesis 1 holds: All projects that scored more than 44 Points were suc-
cessful (category [#+] or [#1). The results in Fig. Bl give even stronger support:
87% of the projects that score more than 44 on the quality-assessment fall
into category [++.

Hypothesis 2 holds: All projects that failed (category =1 and EEl) scored be-
low 40 points and we found only one project from category [++] below this
threshold. Therefore, 80% of the projects below the lower threshold were not
satisfactory.
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Investigations of the remaining projects support this. In contradiction to the
results in Fig. Bl they also show that projects that score somewhere between the
upper and lower quality-threshold have a remaining risk of failure. Based on
these results we do not suppose that the upper threshold could be set lower.

4.3 Comparison to Related Studies

Forsberg [14] investigated the relationship between time spent for RE and project
success. Accordingly, it is advisable to spent about 20% of the time with require-
ments engineering. Our work cannot add to these results because our students
could not decide how much time to spend for RE. All projects spent roughly
20% of their time for requirements analysis. Because of this timeboxing, we are
able to draw a connection between SRS quality and project success.

In [I5] So and Berry investigated how adjustments of the RE-process improved
requirements engineering. This work compared two releases of a large software
product. The encouraging result is that RE efforts pay-off. The evidence is based
on the decreased number of bug reports and change requests. Again, we cannot
directly add to these results, because our development process does not include
change management and we do not track bugs after release. Therefore, our def-
inition of project success differs too much. However we can add evidence that
good requirements engineering increases customer satisfaction.

Olsson et al. [16] investigated the relationship of functional requirements and
non-functional requirements (NFR) at Sony-Ericsson. Accordingly, about 40 %
of the requirements specified were non-functional. This result is very interest-
ing for our work: It shows a quantifiable (i.e. comparable) difference (despite
project size) between our students’ projects and high-quality industrial software
projects. Table [3] shows the relationship derived from our data. The difference
is much lower than expected. However, the non-functional requirements in our
projects were poorly specified (e.g. there were no testable quality requirements).

Table 3. Relationship of functional requirements and non-functional requirements

Percentage of technical requirements 10%
Percentage of Ul requirements 2,8%
Percentage of quality requirements 17,2%

Percentage of non-functional requirements 30%

Kamata and Tamai [I7] investigate the relationship between the quality of a
SRS and project success. In difference to our approach they rely upon data de-
rived from normal quality assurance activities. Quality Agents rate each section
of a SRS based on 100 criterions. Their approach of measuring requirements
quality seems to rely on subjective criterions and the Quality Agent’s experi-
ence. Based on the maturity of the organization, the evaluaton results can be
considered repeatable.
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The quality of a SRS is computed by mapping the ratings to requirement arti-
facts (i.e. subsections proposed for SRS in [I3]). This allows Kamata and Tamai
to identify critical sections for project success. In addition, computing a SRS
quality profile based on a accepted SRS structure enhances the comparability
of their approach. In order to compare our results to the results of Kamata and
Tamai, we performed several steps:

1. Describe fundamental differences of the approaches. In contrast to [17], we
focused on mostly formal metrics. We tried to make our metrics as objec-
tive as possible instead of relying on experienced assessors. In addition, we
measured the quality as a whole. The main result is the same: Both our
work reports that a correlation between SRS quality and project success
exists. Table @l shows how the different definitions of project success can be
compared.

2. Map our results to the proposed structure. In order to compare the results
we normalized the results of each metric to values between 0 and 1. Some
of our content-related metrics can be mapped to the proposed structure.
The others measure quality of the specification as a whole. So we filtered
each finding of such a metric by the section of our specification where it was
found. Then, we mapped the sections of our specification to the proposed
structure. Finally, we can give a rating between 0 and 5 for each section of
the proposed structure for our projects.

Based on this mapping, we can compare the profiles of our successful and
failed projects to the corresponding profiles reported in [I7]. Our goal was to
investigate if we could identify critical sections in our projects, too. As shown in
Fig. [ we did not achieve good results. One reason for this is that our metrics
do not measure quality in each section in a fair way:

Table 4. Comparing Definitions of 2 B Average quaity
. m O
Project success 4 .
3 I D Successful
p!'ojects haye
= 2 higher quality
Over Time = I )
- 1 ., W Failed projects
. have higher
In Time ++ or = 0 quality

1112 1.3 21 2.3 2.4 25 2.6 3.2 3.6 3.7
In Costs Over Costs

Fig. 4. Quality of our SRS per section mapped
to IEEE template [13]

We have many metrics that apply to sections 1.3 and 3.2 but only our general
metrics for formal requirements quality apply to section 3.7. Based on our obser-
vations we would support Kamata and Tamai in that not all sections are equally
important for project success. However, our GQM-study cannot contribute to
these results, because it was focussed on other measurement goals.



38 E. Knauss, C. El Boustani, and T. Flohr

5 Evaluation of Validity

This section presents the threats to validity we identified during our work (ac-
cording to Wohlin et al. [I8]) in order to let others decide if our work is relevant
for them.

5.1 Construction Validity

Construction Validity describes issues that are caused by the construction of the
empirical evaluation.

The construction of our study is influenced by the design of the practical
programming course we investigated. Apart from our study, students should
learn to accomplish a whole software project. Therefore, we were not allowed to
exchange the SRS between the groups investigated. This leads to the issue that
our model might measure the performance of the students groups instead of the
project success. Good students achieve good results (i.e. good SRS, good design,
and finally good projects). The investigation of this issue remains future work.

5.2 Conclusion Validity

Conclusion validity mainly concerns the possibility to draw statistically signifi-
cant conclusions from the empirical study.

The main problem we see here is the reliability of measures. Since some mea-
sures rely on human judgement to some degree a certain bias is probable. This
problem was mitigated by conducting the measurements by the same person. To
apply the measurements in a company (where measurements will be conducted
by different persons) we suggest to develop measurement guidelines over time to
reduce the influence of human judgement. We take a closer look on repeatability
in section

A minor threat concerns the statistical power. 16 specifications were intensely
reviewed by one person. The considerable number of the remaining 24 specifica-
tions were reviewed by different persons. Our original measurement results seem
to hold for these 24 specifications, too.

5.3 Internal Validity

Internal validity concerns the influences on independent variables beyond the
knowledge of the reviewer.

Since all measurements were conducted by one single person measures could
be applied in a different way over time, because the person got more familiar
with the measurement process. The second problem concerns the fatigue. There
is a considerable probability that the person got tired over time, affecting mea-
surements in a untraceable way. This problem is considered to be low, because
only one SRS was measured per day.

In addition, other factors during the later phases of the projects might have
influenced the empirical results. This issue is moderated by the fact that all
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observed projects followed the same process. Furthermore, we carefully observed
the groups and did a post-mortem analysis, but could not observe any such
factors.

5.4 External Validity

External validity concerns the ability to draw conclusions beyond the scope of
our empirical study e.g. transfer our results to industry.

A rather superficial threat to external validity is that all investigated projects
were conducted in a university setting. Consequently, transferability of the re-
sults poses a problem. The fact that all our projects have a common background
setting helps to achieve a better result concerning data quality (which strength-
ens conclusion validity). Industry strength projects could be assessed in the same
way and compared to our findings, because the application of our metrics is not
limited in any way. We opted for conclusion validity instead of external validity
in order to gain more data points.

5.5 Discussion of Repeatability

A more severe threat concerns the repeatability: How do different assessors affect
the result? We let four different persons assess the same project. The results of
one person differed drastically from the others as shown in figure Bl

Reviewer 1
Reviewer 2 NS = ONF Req
O Content-related
i g Qual.
Reviewer
B H Formal Req.
Reviewer 4 Qual.

0 5 10 15 20 25 30 35 40 45

Fig. 5. Assessment of repeatability shows room for improvement

We analyzed each variably classified requirement. The main reasons for the
derivation were:

1. False positives, e.g. requirement was classified as passive voice but was for-
mulated in active voice.

2. Scope of interpretation, e.g. finding process words.

3. Generally subjective measures, e.g. understandability, redundancy, and tech-
nical terms

The effect of false positives and scope of interpretation can be reduced by more
extensive training, keyword-lists, and heuristic tools. Furthermore, these errors
are systematic: if one person assesses a project twice, the result will be more
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or less the same. Therefore, we expect that the ranking of the projects will be
more or less the same, despite different quality-scores. Bad projects will be rated
worse than good projects.

Another problem is the complexity and long duration of the assessment. An
assessment of a typical SRS took between 120 and 180 minutes. In addition, some
of the measurements are rather complex, like finding inconsistencies between
different requirements.

Based on these threats to validity there are also some issues concerning the
mapping between SRS quality and project success. Because of the different scores
the reference project got depended on the reviewer, there is no absolute threshold
for the quality-score. However, with all reviewers creating a consistent ranking
of the projects, we can give a relative quality thresholds.

Table [ shows types of measurement faults we identified. The first column
gives the type and the second column a typical example. The third column
shows how we would address this problems in future work.

Table 5. Overview of Measurement Faults

Type Example Mitigation Strategy
1 False Positives found passive voice e training
but was active voice e keyword-lists
2 Scope of Interpretation identification of e heuristic tool
process words support
3 Generally subjective  understandability e quantify and
measures limit the effects

6 Conclusion and Outlook

In this work we had two goals. On the one hand we wanted to measure the
quality of software requirements specifications. On the other hand we wanted to
depict project risk based on this quality.

In order to do this, we had to investigate a set of software projects. Based
on the GQM-method we could support our hypotheses that the quality of a
requirement specification influences the probability of project success. In our
setting we were even able to give a threshold: projects that are worse than this
value are very likely to fail.

With this assessment of the SRS’ quality we have a powerful instrument for
our software projects: Based on the results we can decide whether a project is
allowed to go on or whether its SRS needs major rework. Based on our assessment
we also observed that the overall quality of our projects’ SRS increased since
last year. Such observations are essential for software organizations that want to
improve themselves, because the effects of process improvements become visible.

As a side-effect we found out that even simple verbalization policies (e.g. the
requirement template [6] or the use case template [19]) strongly improved the
requirement quality. Such policies simply let fewer room for errors.
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However, our approach has some known limitations. Our assessment cannot
replace the validation of requirements. There is still the need of customer collab-
oration, e.g. aspects regarding the content cannot be quantified using the SRS
only. Nevertheless, our assessment helps finding hazardous points in the SRS,
that can be addressed during validation. Therefore, it helps increasing the effi-
ciency of Reviews. The main drawback of our work is the limited repeatability.
In section [l we argued that this does not limit the validity of our results. How-
ever, this causes our specific threshold to be worthless for others, leaving each
organization with the need to find and calibrate their own threshold.

For this reason we plan to enhance the elicitation of our metrics. On the one
hand we will improve the preparation courses of our quality agents. In addition
we will provide them with more detailed instructions on how to interpret a given
metric. On the other hand we want to introduce more heuristic tool support.
With the reduced cognitive load of separating false positives from true ones, we
hope to enhance repeatability as well as elicitation speed.

Finally, we were able to compare our teaching projects to industry projects.
Despite being considerably smaller and at some points not as good as their real-
world siblings, we saw that our projects are highly comparable. Because of this
we expect others being able to build upon our results.
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