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Abstract. This paper presents a pilot study to test plans for an empirical study,
which will compare the comprehensibility of two specifications: a formal speci-
fication and an informal specification. The two documents used in the pilot
study implemented the same logic, namely a portion of the Irish Electoral sys-
tem. The “informal specification” was taken directly from the legal definition of
the count rules for Irish elections. A formal requirements specification language
was not employed for the pilot study. In place of a formal requirements specifi-
cation language, the java programming language was used. Our main motiva-
tion for using the java programming language is based on an empirical study
carried out in [19].

1. Introduction

There is a common perception in the requirements engineering community that formal
specifications are more difficult to comprehend than informal specifications. This is
often cited as one of the reasons why formal methods are not used more often. It ap-
pears however, that little or no empirical evidence exists to substantiate this claim.

Informal specifications, i.e. specifications written in natural language, are the most
common and widely accepted approach to specifying requirements [23]. Many people
have concluded that requirements specifications written using informal notations re-
sult in a common model, comprehensible by a general audience, which helps to en-
hance communication among all parties involved. In essence, informal specifications
are seen as being easier to comprehend than formal specifications [23].

Formal methods provide developers with the facility to work at a level of abstraction
independent of the implementation of the system [14, 6, 7]. They claim to help engi-
neers focus on what a system should accomplish instead of how it should accomplish
it [12]. In [8] a formal method is defined as:

Pages 188 - 202

WWW.ppig.org



Carew, Exton, Buckley, McGaley and Gibson

“A set of tools and notations (with a formal semantics) used to specify unambiguously
the requirements of a computer system that supports the proof of properties of that
specification and proofs of correctness of an eventual implementation with respect to
that specification”

"Formal semantics" implies that such a method has a sound mathematical base [14].
Thus, Formal methods help avoid the ambiguity inherent in natural language [9, 13].
They allow for systems to be specified, developed and verified in a systematic manner
[14, 13, 7]. Formal methods allow increased precision in a specification, allowing
consistency and correctness to be obtained [14, 12], which results in the reduction of
the possibility of errors that creep in during software development [8, 6, 17].

Most advocates of formal methods would agree that formal methods should be ap-
plied to systems where the issue of correctness is a concern. While safety and security
critical systems fall into this category, there are a number of other systems that are not
classified in these terms and could equally benefit from the application of formal
methods [8]. One of these is the single transferable voting system, as it is required by
society to have the highest level of integrity [11]. The electorate must have absolute
confidence in the use of a computerized voting system, in a similar manner to that of a
safety critical application [11]. An example of where formal methods have been ap-
plied to the STV system can be found in [11] where a number of ambiguities were
uncovered in the informal specification.

Despite the many advantages that formal methods can offer to certain projects and
systems, they have not been "universally embraced" [6]. In [24] it is observed, "While
formal methods are being applied to hardware in industry, the results of formal meth-
ods research for software has only rarely reached beyond the research lab and used in
industrial practice for day-to-day software development".

One of the key factors associated with this widespread lack of adoption is that formal
notations are perceived as being difficult to comprehend and that highly trained
mathematicians are required to read them. However, this common perception is dis-
puted by practitioners Snook and Harrison [19].

It is true that non-computer specialists may find formal methods difficult to under-
stand and a certain amount of training is required. However, there is no general con-
sensus on the amount of training involved. For example in [9] and [24] it is merely
suggested that a long time is required to learn them. On the other hand in [3] they
make the claim that "After a weeks training in formal specifications, engineers can
use it in their work".

1.1 Related Work

Sobel and Clarkson [20] carried out an empirical study to investigate the integration
of formal methods into an undergraduate software engineering curriculum under
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which the evaluation was given over a three-year educational program. Two groups of
mostly two-person teams were asked to develop running programs to meet the re-
quirements of a given problem. One group developed formal specifications and the
other did not. It resulted that the group that had received training in formal methods
and developed the formal specifications developed better software than those who had
not taken the training in formal methods. Many criticisms of the experiment were ex-
pressed by Berry [2], due to lack of control, and poor measurement. They suggest that
the experiment suffered weaknesses in that students were given the choice of whether
to sign up to the formal methods course or not. This hints that the students that signed
up to the formal methods course were more motivated to begin with than those who
did not.

Other experiments have been conducted investigating the comprehensibility of formal
specifications due to their structure such as in [5]. One of the hypotheses tested was
that "comprehensibility is not improved as a result of the modularization of a Z speci-
fication". This hypothesis was rejected suggesting that structural presentation of a
formal specification has an effect on its comprehensibility.

Despite the existence of these experiments, little or no empirical evidence exists to
suggest that informal methods are easier to comprehend than formal methods, al-
though it is a common perception in industry. It is fair to argue that empirical evi-
dence to support a common view should not be taken for granted, no matter how
popular [5]. For example, in 1989 Scanlan carried out a study where the popular myth
that pseudocode was superior to flowcharts as a means of documenting algorithms
was debunked. The study showed that people performed better with flowcharts than
with pseudocode [18].

The objective of this empirical study was to carry out a pilot study for testing plans
for further, more comprehensive, evaluations, which aim to answer the following
question:

Which is easier to comprehend, formal methods or informal methods?

The purpose of a pilot study is to assess the viability of an experimental plan before
embarking on the real study [16]. Pilot studies help to identify potential problems in

advance so that they can be corrected [16]. The experimental procedure, the materials
to be employed and the specified timing were just a few things we assessed.

2. Experimental Design

The experiment was a one-way independent between-participants design and was
conducted in the University of Limerick, Ireland.
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2.1 Materials

Part of the legal document [10] that specifies the transfer of surplus rules for the Irish
Electoral system which is founded upon the STV system [22] was employed as the in-
formal specification. The authors realize that legal language is not representative of
all informal specifications. Legal language was developed to prevent misinterpreta-
tion of law, and thus tries to avoid ambiguities that can exist in normal everyday
wording [6]. Thus, the legal document can be regarded as a thoroughly reviewed
comprehensive document written using unambiguous structured natural language. The
size of the legal specification, and its context as a real-life electoral system, provided
a realistic subject for the experiment.

Moreover, our decision to employ this legal specification transpired from the rejec-
tion, in April 2004, of an electronic voting system developed for the Irish Electoral
system. Its rejection was based on reservations expressed by the Software Engineer-
ing and other communities on the accuracy and integrity of the software [15]. Under-
lying such concerns is the fact that no formal methods were used in the development
of the system. One of the reforms proposed by opposing politicians to ensure the reli-
ability of the voting system was the "use of Formal Methods to ensure that the soft-
ware used in both the election machines and in the vote counting is totally reli-
able"[15].

Due to the pilot nature of this experiment and due to time constraints, we did not use a
formal requirements specification. Also, it wasn’t possible to find an adequate number
of participants who were familiar with one common formal specification language. In
place of a formal specification language, we used the java programming language.
Our main motivation for using the java programming language is based on an empiri-
cal study carried out in [19]. In this experiment, they set out to test the hypothesis that
"formal specifications are no more difficult to understand than code". They carried
this experiment out on the basis that because practitioners have a reasonably good in-
tuitive feel for the comprehension of code, a quantified comparison will therefore
transfer this feeling to formal specifications. They compared the comprehension of a
Z specification with that of its implementation in java code. Their results indicated
that there is little difference in the comprehensibility between the two.

A glossary of expressions provided definitions of some of the terms used in both the
legal and java documents. This was necessary, as some of the expressions used in the
legal document and the java document may have been unfamiliar to the participants.
The glossary was identical for both groups.

A questionnaire was used to test comprehensibility. It consisted of seven realistic sce-
narios, and ten multiple-choice questions that were devised based on the legal and

java documents.

The materials are available for viewing at [25].
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2.2 Participants

Eight participants took part in the experiment on a voluntary basis. The participants
were all software engineering Masters or PhD students. All participants had received
honors undergraduate degrees in either computers systems or information technology.
They were all aged between twenty and twenty-five, and had roughly the same expe-
rience with requirements specifications and java programming.

2.3 Experimental Procedure

Each participant was randomly assigned to one of two groups, which will be referred
to as the legal group and the java group hereafter. Both groups consisted if 4 partici-
pants each. Each participant was given a package consisting of an experimental pro-
cedure booklet, a warm-up questionnaire, and the questionnaire under review.

Firstly, the participants were instructed to perform a warm-up task in order to famil-
iarize them with the type of material and the type of questions they would be asked in
the main task. They were then given a distracter task to carry out over a five-minute
period.

For the main task, each participant was instructed to read a document (a java docu-
ment or a legal document) on a computer screen over a ten-minute period. After that
ten-minute period they were instructed to answer the questionnaire, but were allowed
to look at the document on the computer screen at the same time. They were given
fifty minutes to answer the questionnaire.

In addition to this, two participants, one from the legal group and one from the java
group were randomly selected, and asked to perform talk-aloud while answering the
questionnaires. Dictaphones were used to record the talk aloud data. The aim of this
talk-aloud data was to find qualitative information to support their responses to the
questions.

2.4 Controls
The experiment took place in a controlled environment in an attempt to limit any con-
founding factors. Participants were not permitted to leave the room or talk to each

other for the duration of the experiment. The two participants selected to perform tal-
kaloud were put into two different rooms in order to limit noise effects.

3. Threats to Validity

The main threat to the validity of the experiment has its roots in the participants' fa-
miliarity with the Irish electoral system. A series of questions were included to try to
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gauge this familiarity. The questions covered the participants voting practices and
how familiar they perceived themselves to be with the Irish Electoral system.

The size of the two different documents given to the groups is another factor that may
have affected the results of the experiment. The legal document was considerably
shorter than the java document. Also, as mentioned above, the java document actually
consisted of six different documents, which meant that the java group would have had
the drawback of having to switch between documents on screen.

Due to time constraints, the one supervisor was not used for all participants. One per-
son supervised the six participants who were not selected to perform talkaloud. Two
supervisors were allocated to those doing talkaloud. Each supervisor received the
same instructions prior to the experiment. An improvement on this would be to con-
duct a supervisor-training course and to provide supervisors with a supervisor proce-
dure booklet containing guidelines on the experimental protocol.

4. Quantitative Data Analysis

The supervisors noted the time it took for each participant to read the specifications
and answer the questionnaires. Because the questionnaires consisted of multiple-
choice questions only, the marking criteria were very straightforward. For every cor-
rect answer a mark of one was given, otherwise no mark was given. The marks were
then added up and each participant's score was noted.

The talk-aloud data was transcribed and then analyzed by looking for common trends
running throughout the data. Comments associated with particular emotions were
documented, in order to give an insight into the participants' reaction to particular
questions. The time taken to answer each question was also documented in order to
observe the participants commitment to the questions. The results of this were used to
support the quantitative data obtained from the questionnaires.

4.1 Concretization of Hypothesis

With regard to the research question presented in section 1.1, it is difficult to quantify
the meaning of “easier”. In this experiment, “easy” is a measure of the number of cor-
rect answers each participant received denoted by a score. Following the classical null
hypothesis statistical testing process, the reformulated hypothesis states:

H o The scores obtained by the Java group are identical to the scores obtained by the

Legal group.

The alternative hypothesis states:
H l: There is a significant difference in the scores obtained by the Legal group and

a

the Java group.
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The experimental hypothesis here is two-tailed, that is, we have not predicted the di-
rection of the difference.

In addition to this, we also looked at the rate achieved by each participant where rate
is the time it took each participant to answer each question divided by their score.
The null hypothesis states:

H , : The rates obtained by the Java group are identical to the rates obtained by the
Legal group.

The alternative hypothesis states:
H ,, : There is a significant difference in the rates obtained by the Legal group and the

Java group.

4.2 Variables

The independent variable is the notation (Java code or legal language) used for the
description. Two dependent variables were analyzed. Firstly the score which is the
sum of correct answers obtained by each participant. Secondly the rate of scoring was
found by dividing the time taken by the score. This was used as an alternative meas-
ure of comprehension.

4.3 Method of Analysis

In deciding which statistical analysis test to carry out on the data, we first needed to
check if the data was normal. A good indication of telling whether data is normally
distributed can be found by observing histograms of the data displaying the normal
curve [4]. In SPSS (Statistical Package for the Social Sciences) [21] we generated his-
tograms with normal curves for the dependant variables. The result for the scores is il-
lustrated in Fig. 1. The result for the rates is illustrated in Fig. 2. From these we can
see that the data is not normally distributed.
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Fig. 2.

4.4 Testing the Hypothesis

In order to test the hypotheses, the Mann-Whitney-Wilcoxon test was considered to
be the most suitable. The objective of the Mann-Whitney-Wilcoxon test is to deter-
mine whether there is a difference between two populations [1]. The samples of the
populations that are used are independent of each other. There is no assumption made
that both populations are normally distributed [1]. It is based on ranking the combined
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data from two samples from low to high. The test is ideal for this experiment for two
reasons:
¢  The data was not normally distributed
¢ The test accommodates for small sample sizes (i.e. less than 10) from both
populations. The sample sizes from this experiment were 4 from both popu-
lations

4.4.1 Testing the Scores

Firstly, the median from each group was examined. The median for the Legal group
was 6.5 and the median for the Java group was 3.5. Thus the Legal group got higher
scores than the Java group.

The value of the test statistic, in this case the Mann Whitney (generated using SPSS)
is 1.5, with an associated probability of 0.58. Because the significance value is greater

than 0.05, the null hypothesis H ,, cannot be rejected, and we cannot draw any statis-

tical significance from this result.

4.4.2 Testing the Rates

Firstly, the median from each group was examined. The median for the Legal group
was 4 and the median for the Java group was 9.13. Thus the Java group got higher
rates than the Legal group. Because “rate” is a measure of time divided by score, the
lower the rate the better. Therefore the Legal group got better rates than the Java

group.

The value of the test statistic, in this case the Mann Whitney (generated using SPSS)
is 0.0, with an associated probability of 0.021. Because the significance value is less

than 0.05, the null hypothesis H ), was rejected. Therefore, the rates obtained by the

Legal group were significantly better than the rates obtained by the Java group.

5. Qualitative Data Analysis

Talkaloud data collected from two participants (one from the java group and one from
the legal group) were analyzed to provide qualitative data to support the quantitative
data obtained in section 4. The data was transcribed and then inspected for words and
behaviours relating to certain emotions that were recorded in a lexicon. The lexicon
included words that were apparent to a particular emotion, sighing and heavy breath-
ing, and long pauses.
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5.1 Legal Group Participant

The general emotions expressed by this participant were ones of confusion and frus-
tration throughout answering the questionnaire. The participant completed the ques-
tionnaire in just ten minutes achieving an overall score of four, even though fifty min-
utes were allocated to this task. This suggests that the participant was extremely
frustrated with the legal document. It also suggests that the participant was not very
motivated in finding the correct answers. The reactions of the participant and the time
it took to answer each question are illustrated in Table 1.

Table 1.
Question Reaction Time (minutes. seconds) | Correct
1 Strong certainty 0.15 Yes
2 Strong confusion 0.57 No
3 Confusion 1.07 No
4 Strong confusion 0.43 No
Frustration
5 Strong frustration 2.10 No
Strong confusion
Difficulty
6 Frustration 0.05 No
7 Frustration 0.50 No
Uncertainty
8 Confusion 0.53 Yes
9 Confusion 0.26 Yes
10 Strong certainty 0.37 Yes

Note: The general reaction has been preceded with the word strong in places where
the reactions are powerfully conveyed.

From this we can see which questions the participant had the most difficulties and we
can use this to infer the parts of the legal document the participant had most difficulty
in comprehending. Certain comments the participant made such as "anyway I can't
read lawyer English", suggest that the participant had difficulty in comprehending the
legal document.

5.2 Java Group Participant

Again, the general emotions expressed here were ones confusion and frustration. This
participant was much more expressive than the participant from the legal group, and
was clearly more motivated. After answering the questionnaire, the participant re-
checked it. It took the participant thirty-seven minutes to complete the questionnaire,
achieving a score of four. The reactions of the participant and the time it took to an-
swer each question are illustrated in the table below.
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Table 2.
Question Reaction Time (minute. sec- Correct
onds)
1 Certainty 1.40 Yes
2 Strong confusion 4.08 No
3 Strong confusion 11.27 Yes
Strong frustration
Certainty
4 Strong confusion 3.23 Yes
Certainty
5 Certainty 0.06 No
6 Certainty 0.50 Yes
7 Frustration 2.18 No
Confusion
Certainty
8 Strong confusion 7.28 No
Strong frustration
Strong difficulty
Strong uncertainty
9 Frustration 1.55 No
Confusion
10 Frustration 2.52 No
Confusion

Note: The general reaction has been preceded with the word strong in places where
the reactions are powerfully conveyed.

From Table 2 we can see that the participant was generally very confused when an-
swering the questionnaire. There were places where a positive reactions were ob-
served, particularly when deciding on a final answer. In some places, this was par-
tially due to the length of time the participant spent on finding the answer. For every
correct answer, the participant expressed a level of certainty. This reveals that certain
parts of the java document, although time consuming and sometimes confusing, could
be clear enough to find to correct answer.

If we compare Table 1 and Table 2, we see that there is just one correct question,
which both participants had in common. This is interesting as it gives us a faint indi-
cation of the strong areas of each document. For example, if we look at question ten
in both tables, we can see that the participant from the legal group expressed strong
certainty, and got the answer correct. However, the participant from the java group
expressed frustration and confusion and did not get the answer correct. Likewise, for
question four, the participant from the java group expressed strong confusion fol-
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lowed by certainty and got the answer correct. The participant from the legal group
expressed strong confusion and frustration and did not get the answer correct.

The participant from the java group expressed overall, much more confusion, frustra-
tion and difficulty. This finding gives us an indication of why the H , was accepted

above, the rates obtained when using the legal document are better than the rates ob-
tained when using the java document.

6. Conclusion and future work

We are careful not to draw any firm conclusions from the analysis results, due to the
pilot nature of this experiment. Given a larger number of participants, we anticipate
that much stronger conclusions could be reached, but inevitable variations and inter-
pretation of both questions and answers resulting from such small sample sizes dimin-
ish our confidence in the results.

This is not to say however that the analysis results are worthless. The results give us
several indications and inclinations in favour of the Legal document. The time it took
participants to complete the questionnaires is of particular interest, whereby the legal
group completed the questionnaires in less time than the java group. Many influenc-
ing attributes could be at blame for the differences in the times, structure being the
most dominant which comprehensibility might have been affected by. The java
document could have been structured in many ways. In an attempt to avoid the intro-
duction of un-quantifiable influences we structured it as in line as possible with its le-
gal counterpart. However, due to time constraints, it wasn’t possible to conduct a
thorough review of the java document. In future experiments all documents will be
thoroughly reviewed.

For the next experiment, which will not be a pilot study, we plan to specify the legal
rules for the voting system using formal methods. Thus the words used should con-
form more so than the java to the words used in the legal document.

The results of testing the rate in section 4.4.2 indicate that we should accept the ab-
stract hypothesis that "The legal document is easier to comprehend than the java
document". Again, we do not claim that these results are conclusive. Further, more
comprehensive, experiments must be conducted before we can make any claims about
our results.

The talkaloud data proved very beneficial in observing the participants reactions to
particular questions. We cannot make any claims that this data provides us with an
explanation as to why the null hypothesis was rejected in section 4.4.2 because the
participants concerned seemed to have different levels of motivation, but it does sug-
gest that the participant from the java group was much more confused than the par-
ticipant from the legal group. Again a larger number of participants will be employed
for this section of the study in future experiments to provide us with more definitive
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results and conclusions. Also, because the talk-aloud data was captured while the par-
ticipants answered the questionnaire, we could not be sure if signs of confusion or
frustration were due to miscomprehension of the documents, or miscomprehension of
the questions being asked. To avoid uncertainty, talk aloud data will be captured from
when the participants start reading the document, right through till the questionnaire is
completed. Also, participants will be asked to notify the supervisor if they have diffi-
culty understanding anything in the questionnaire.

The most important aspect of this pilot experiment was that it helped us identify a
number of holes in the experiment, which would not have been identified otherwise.
In particular, we found that the experiment procedure booklet presented to all partici-
pants should have been more explicit about the materials that could be accessed at
each stage of the experiment. For example, during the experiment, many participants
asked whether they were allowed to look at the documents whilst answering the ques-
tionnaire.

We also intend to conduct a training course for supervisors in future experiments to
ensure that they know their exact roles. In addition to this, they will be provided with
a supervisor procedure booklet that they should consult while supervising the experi-
ment. This should improve consistency between supervisors lessening any threats to
the validity of the experiment.

Because all participants completed the questionnaire with significant time still avail-
able, the timing will need to be adjusted when conducting future experiments. In the
time designated for the experiment, we should therefore be able to include more ques-
tions in the questionnaire, and conduct a pre-examination of the participants' familiar-
ity with the Irish electoral system.

Another interesting research question, which could be integrated into future experi-
ments, is the question of ambiguity in requirements documents. After each question
the participants will be asked to indicate how certain they are that the preceding an-
swer in correct, on a scale of 1 to 5. In cases where high confidence is expressed and
the answer is wrong, ambiguity is suggested, especially where more than 50% of the
group select the same answer.

In future experiments, we will need an indication of whether participants’ answers are
based on reading the specification or not, as prior knowledge was a possibility in this
experiment. After each question the participants will be asked

Is your answer based on:

A hunch

Previous knowledge

Common sense

Reading the specification

Reading the glossary

SISRoR- s

By selecting the answers based on reading the specification, we will be confident that
we are evaluating the specification itself and not any external factor.
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In addition to this, a “Don’t know” option will be included after each question. We
can then use the number of “don’t knows” each participant selected as a contributing
measure of comprehensibility.
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