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Abstract

This paper reports a systematic review of empirical
studies concerning the effectiveness of elicitation
techniques, and the subsequent aggregation of
empirical evidence gathered from those studies. The
most significant results of the aggregation process are
as follows: (1) Interviews, preferentially structured,
appear to be one of the most effective elicitation
techniques, (2) Many techniques often cited in the
literature, like card sorting, ranking or thinking aloud,
tend to be less effective than interviews, (3) Analyst
experience does not appear to be a relevant factor, and
(4) The studies conducted have not found the use of
intermediate representations during elicitation to have
significant positive effects. It should be noted that, as a
general rule, the studies from which these results were
aggregated have not been replicated, and therefore the
above claims cannot be said to be absolutely certain.
However, they can be used by researchers as pieces of
knowledge to be further investigated and by
practitioners in development projects, always taking
into account that they are preliminary findings.
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1. Introduction

It is a reasonably well documented fact that
software requirements definition has a big impact on
final product quality [8,83,87]. Three primary
categories of problems affecting the correct definition
of software requirements are defined in the literature:
acquisition, comprehension and volatility [18,88]. This
paper focuses on the first of the above problems,
namely, information or knowledge elicitation.

A variety of methods or techniques have been
proposed to acquire information for the purposes of
elicitation, such as: interviewing [58], protocol analysis
[31], repertory grid [56], work groups [89], etc. Apart
from these basic techniques, there are a host of
variations upon these methods (such as [34,54,65]), a
great many not very commonly used techniques (like,
for example, [2,48]) and combinations of techniques
(like [35,86]), etc. Similarly, there are a number of
studies that have gathered and analysed -elicitation
techniques (like, for example, [9,19,38,44,46]).

In view of the diversity of techniques and the fair
few summary papers there are, one might think that
there is a sound scientific foundation for carrying out
elicitation. This could not be further from the truth,
however, as there is absolutely no agreement among
experts on how best to elicit information or knowledge
[50,91]. These differences of opinion are fuelled by the
shortage of comparative studies analyzing the potential
of one technique against the capabilities of others from
either a theoretical or empirical viewpoint [69]
[16,19,85]. In this context, a number of authors have
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pointed out the need for further investigation of along
these lines [6,16,17,46].

One step towards this goal is to identify what we
can ascertain empirically from the studies already
conducted on elicitation techniques. In actual fact, we
are interested in studies that have analysed the
effectiveness of elicitation techniques with a view to
identifying under what circumstances it would be best
to apply one particular elicitation technique or,
alternatively, find out which is likely to be the best
elicitation technique for a specific situation.

To achieve this goal, the article will be divided into
five sections. Section 2 will describe the motivation of
this study in more detail and will introduce the
respective background. The research methodology
used will be described in section 3. Section 4 will
briefly list the key milestones in the application of the
selected methodology, leading on to section 5 where
the results of the review will be explained. Finally,
section 6 will discuss the findings and the limitations
of the approach taken.

2. Motivation and related work

As already mentioned, there are a lot of elicitation
methods and techniques published in the literature.
This naturally raises questions as to when one
technique is preferable over another.

Experience has shown that for simple and well-
defined problems, elicitation techniques are more or
less equivalent [45,81]. Outside the toy-problem
universe, however, a number of studies demonstrate
that elicitation techniques are not interchangeable and
that there are far-reaching differences between
methods, chiefly as regards the type of knowledge or
information each technique can be used to acquire
[1,6,10,21,33,37,42,46,47,64,70,90]. This is what is
termed “Differential Access Hypothesis”. However, a
wide variety of other issues, such as the quantity of
information or elicitation efficiency, also serve to
differentiate elicitation techniques (see, for example,
[13,16,80]).

In this respect, some authors have proposed criteria
about when to use a particular elicitation technique
[40,55,58,61,76]. These criteria are, at the very least,
open to discussion because of the weakness of the
evidence on which they are grounded. There can be no
doubt that the “Differential Access Hypothesis”, like
any other differential aspect, is hard to address
theoretically, especially taking into account that the
applicable theory (basically, premises laid down by
cognitive psychology [4]) is not mature enough to be
able to predict the effectiveness of elicitation
techniques.
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A reasonable approach to be used to undertake a
study of the effectiveness of the different elicitation
techniques would therefore be based on carrying out
empirical studies that compare the application of
different techniques in more than one setting. Note that
this approach is by no means new. Knowledge
engineering has been tackling the question of
elicitation technique effectiveness [49] since as far
back as 1987 [13,80]. It was aped some years later by
the software engineering/information systems field
[3,41].

The empirical studies most commonly referenced in
the literature for researching the effectiveness of
elicitation techniques are case studies [23], used for
example in [6,28,39,86] and experiments, like
[3,63,74,78,94]. We were surprised to find, however,
that the results yielded by these studies have not
generally been given due consideration in summary
papers, like [9,19,38,46], to mention just the best
known. An exception is [62], as its authors have
participated  in several empirical studies
[13,15,16,20,78]. Irrespective of the authors’ proven
merit, this paper is nevertheless still too immature
because many of its findings are based on arguments
supported by general cognitive psychology and not on
empirical evidence.

This is a far from satisfactory state of affairs. On the
one hand, a good many recommendations on the
effectiveness of elicitation techniques are debatable, as
they are not based on empirical proofs. On the other,
there are a number of empirical studies on elicitation
that have yielded valuable results of which proper
account has not been given in the literature.

All this goes to justify the objective of this research,
namely, to aggregate those empirical results there are
in the literature that can be used to help to determine
the effectiveness of requirements elicitation
techniques.

3. Research Method

No special-purpose method would, a priori, appear
to be necessary to achieve the above-mentioned
objective. As there is unlikely to be many empirical
studies, all that we would need to do would be to locate
the works and aggregate the results or evidence they
contain. This would finalize this research. However,
this is an oversimplification:

1) Itisnot easy to locate empirical articles of interest,
because there are not very many and due to the
variety of descriptors used in their indexing in
bibliographical databases.

2) The types of empirical studies used (randomized
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surveys, case studies, etc.) can differ greatly from
one article to another.

3) The design, the factors and the response variables
used in the studies are very wide ranging.

4) Irrespective of the methodology wused, the
execution of the empirical studies can pose
validity threats to the results output.

5) Down to all the above, it is not easy to aggregate
all the evidence gathered in such a way as to
ensure that missing evidence or researcher biases,
caused by their absolute freedom of action
unconstrained by any protocol, do not threaten the
synthesis.

6) It is worth mentioning that not having a specific
method or procedure for undertaking this
aggregation more or less assures the impossibility
of replicating the results of this review.

Consequently, it is clear that the research method to
be used should assure the repeatability of the review
and the correctness of the aggregation carried out. The
best method for this purpose is systematic review [52],
which is specifically designed to integrate current best
evidence from research [29]. This method demands
that, before any review work at all is done, a review
protocol should be defined specifying as accurately as
possible all the important aspects of the review and
aggregation. These are basically the aspects listed
earlier: identification and selection of primary studies,
data collection, quality assessment and, finally,
aggregation strategy.

The definition of these aspects in advance assures
the repeatability of the review, because all the
important decisions (what empirical studies to
consider, what data to collect, etc.) are taken
beforehand. This constrains the researcher’s freedom to
improvise and, consequently, prevents biases from
being introduced. It also assures the correctness of the
aggregation, as the disclosure of the protocol means
that its soundness and, ultimately, the certainty of the
conclusions reached can be evaluated.

The following sections very briefly describe the
basic aspects of the review protocol used in this
research. For a much more detailed version of the
protocol, see [26].

3.1. Research question

As mentioned in [52],[29] a systematic review
should answer a clearly stated research question. An
example of a clearly stated research question is, “Are
more requirements elicited using interviews or thinking
aloud techniques?” Another possible example would
be “In which domains is laddering better than card
sorting?” A clearly stated research question eases the
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acquisition of data from the selected empirical studies,
the aggregation of evidence and, also importantly,
reduces the time it takes to complete the systematic
review.

The above examples are highly specific research
questions. The specificity of the research question is
likely to vary depending on the objective of the
research. In this case, the research question would be,
“What elicitation technique is most efficient in a
particular setting?” In disciplines where there is ample
and extensive empirical knowledge, answering a
specific question can be of interest because it takes
knowledge further. As there is generally little empirical
knowledge in the field of software engineering, not
only would it be difficult to choose a specific research
question, but also its benefit would be debatable. On
this ground, we opted to use an open research question.

3.2. Identifying and selecting primary studies

The empirical studies were identified from the
SCOPUS, IEEEXPLORE and ACM DL databases.
The search deadline was March 2005. The search
string used was:

(elicitation OR “requirements gathering” OR
“requirements acquisition”)
AND
(capture OR empirical OR experiment OR study OR
review OR evaluation)

Additionally, the bibliographical references of the
studies originally identified by means of keyword
search were examined with a view to locating more
useful studies. Regarding this strategy, in a discipline
where there are a lot of empirical studies (such as
medicine, for example), the search for empirical
studies using bibliographical references would
introduce inadmissible biases in the review. The use of
bibliographic references for the purposes of search in
the field of software engineering does not introduce
biases and, simply, increases the amount of evidence
available for aggregation.

Each identified empirical study was evaluated by at
least two work team members to decide on whether or
not it should be selected. Any discrepancies were
settled by consensus. Those studies that met the
following conditions were selected:

e Studies should be genuine empirical studies and
not just the validation of an approach or technique
proposed by the authors.

e The elicitation techniques should be simple
individual techniques, that is, should be neither
group elicitation techniques nor computer-aided
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methods. This constraint should obviously not be
taken to mean that we do not consider these two
technique types appropriate for elicitation
purposes. Quite the contrary, they are omitted on
strictly pragmatic grounds as a way of confining
the number of studies for consideration to those
that wuse elicitation techniques common in
development projects. The excluded techniques
could, however, be considered in future research
efforts.

e The empirical study design should compare two
different techniques, the same technique in two
different situations, or gather information from
expert opinions. As mentioned earlier, this
constraint prevents the inclusion of a good many
case studies that are difficult to generalize.

3.3 Acquiring data and assessing quality

Two forms, shown in [26] for reasons of space,
were used to acquire the data. The first is a data
collection form. This form is used to state the
significant  differences between the elicitation
techniques, as well as other features of the empirical
study like the number of experimental units, the factors
and the response variables, the experimental problem,
etc.

The objective of the second form is to assess the
quality of the empirical studies. Quality was assessed
in two different ways. On the one hand, each study was
assigned a level in the evidence hierarchy, as indicated
n [52]. On the other, each study was subjected to an
evaluation of its internal quality. This evaluation was
based on the criteria specified in [53].

For reasons of efficiency, the data from each study
was gathered by one member of the work team.
Because these data were not manipulated or interpreted
in any way, no specific protocol was established to
control this activity.

3.4 Aggregation strategy

Having reached this point, the best thing would
have been to be able to summarize the aggregation
strategy to be followed in just a few words.
Unfortunately, things are not as simple as all that in the
case of this review, for several reasons:

e There are likely to be hardly any replications of
the selected studies. This rules out the use of meta-
analysis techniques [73].

e The studies of interest mainly fit the category of
quantitative comparative studies. The extent to
which the important aspects of these studies are
perfectly defined, without the need for too much
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interpretation or elaboration, appears to advise
against interpretative strategies, such as narrative,
subject or content analysis [27], as well meta-
ethnographical techniques [71].

e The field of study, that is, information or
knowledge elicitation, is a relatively well-defined
area. The elicitation techniques, as well as the
response variables and other factors that the
empirical studies test, have no need of elaboration,
and the data collected fall into relatively well-
defined categories. This appears to advise against
the use of primarily inductive methods, like
grounded theory [84].

e There are likely to be few empirical studies. This
is an enormous obstacle to synthesis by means of
techniques like case surveys [92].

e Having called the above-mentioned methodologies
into question, we could always turn to weak
methods, such as meta-synthesis [72] or realistic
synthesis [27]. However, the very weakness of
these methods can lead to the results of
aggregation not being as reliable as they should
be.

Looking at the key factor then, namely, that there
are no replications, the most reasonable alternative that
we are left with is to use comparative analysis [75] or,
at least, an adapted version of this technique (see [25]
for further details). Comparative analysis is a well
suited methodology because it assumes that there is a
cause-effect relationship between factors and
contextual aspects, and the results observed in the
response variables. Therefore, there is no need for a
specified number of observations to achieve statistical
significance.

Almost any causal relationship could be concluded
from such an underlying hypothesis, because one
observation would be enough. To overcome this
weakness, comparative analysis introduces two
concepts to refine and assess the quality of the
observed relationships: logical simplification and
confidence. Logical simplification involves eliminating
factors from a relationship when they are not logically
necessary to explain the observed effect. Confidence is
a similar concept to statistical significance. It simply
reflects the fact that the more often the same effect is
observed, the more confidence there is in the causal
relationship being true. Obviously, when the number of
observations is over a given threshold, comparative
analysis could be abandoned and statistical techniques
used to analyze the observations.

The departure from comparative analysis is a
generalization prior to the aggregation of the elicitation
techniques and response variables used in the empirical
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studies. This procedure yields “generalized” evidence
to be used for the purpose of aggregation.

Let us take an example to illustrate this point.
Suppose that one response variable V1 is defined as
“Customer needs”, whereas another response variable
V2 is defined as “Number of requirements”’. If one
piece of evidence A is gathered using V1 and another
piece of evidence B is gathered using V2, then the two
pieces of evidence A and B would obviously not be
able to be aggregated. Now, if
e V1 and V2 refer to aspects that are so alike (user

needs and number of requirements
e And there appears to be a clearly positive
correlation between V1 and V2

it is at least worth considering whether the two
variables are not measuring the same underlying fact,
albeit using different measurement scales and
procedures. If this is true, V2 could also be used in all
the studies where V1 is used, and, ideally, all the
statistically significant effects should hold using both
V1 and V2. A similar line of reasoning could be
applied with respect to elicitation techniques.

Although generalization may appear to be an
arbitrary procedure within the stated strategy of
aggregation, it should be understood to be a
mechanism very like common sense that does no more
than formalize the reasoning typically used in works of
synthesis. It should be noted, however, that the
aggregation strategy used in this paper is much less
restrictive than most classical techniques, like meta-
analysis, and is, consequently, much less reliable. Even
so, the stated strategy allows what little evidence there
is to be aggregated, thereby yielding extremely
valuable findings that are backed empirically.

4. Application of the review protocol

The application of the review protocol yielded the

results specified below (for further details, see [24]).

e The bibliographic database search identified 74
potentially relevant publications.

e The bibliographic review identified another 484
potentially relevant publications, yielding a total
of 564 publications that needed to be thoroughly
reviewed.

e The thorough review of the above-mentioned
publications, according to the criteria mentioned in
section 3.2, led to the selection of 26 relevant
empirical ~ studies. These studies  were:
[1,3,5,10,11,13,16,20,22,32,34,36,41,43,48,50,57,
63,67,68,74,77,78,80,82,94].

e Some of the above-mentioned empirical studies
had been published in more than one medium. The
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identified cases were: [2,12,14,59,60,66,93].
These publications were not taken into account for
obvious reasons.

e At the time of writing, we had not been able to get
the full text of a number of publications for
thorough review. These include a set of 28
potentially relevant publications, that is,
publications that are likely to describe an
empirical study. We hope to get the full text of
these remaining publications and add the evidence
they provide to our aggregation in the near future.

e We were able to gather around two hundred
pieces of empirical evidence from the selected
studies (among many other data shown in [24]). A
piece of evidence should be construed as a
relationship between the elicitation techniques that
were tested in the empirical study. One possible
example of a piece of evidence would be “Novices
using a structured interview elicit more knowledge
than experienced analysts using a unstructured
interview” [3]. Evidence is the key material used
by the comparative analysis for aggregating the
empirical evidence.

5. Results

For reasons of space, not all the results can be
shown. Therefore, Table 1 shows a portion of the
results yielded during aggregation, specifically, those
results that are directly supported by observation in
more than one empirical study. These are the results
that are most relevant for routine requirements
engineering practice, because the aspects they address
(interviews, prototypes and the effect of experience)
are often top-ranking concerns in development
projects. Which studies provide evidence for and
against, as well as any relevant aggregation-related
issues, are listed for each result.

Additionally, we have made other findings, which
albeit not as relevant as the results shown in Table 1,
are just as interesting, referring, for example, to the
time efficiency or the completeness of interviewing as
compared with other elicitation techniques, the
efficiency of repertory grid or laddering, or the
subjective effects caused by techniques on clients and
analysts. These results are shown in [24].

The results shown in Table 1 can be divided into
two major groups: expected and unexpected.

Results #1, #2 and #3, all referring to interviews,
fall into the first group. Although we have no
knowledge of any paper stating the primacy of
interviewing over any other elicitation technique, it is
true that interviews are the elicitation technique most
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Table 1. Most relevant aggregation results

# | Aggregation result

0]

(2) | Comments

Structured interviews gather more information
than unstructured interviews

[3,11,63,67]

) Unstructured interviews gather more information
than sorting and ranking techniques

[10,16,20,80] | [5] | -

Unstructured interviews appear to gather more
information than thinking aloud techniques

[13,16,20] [22] thinking aloud techniques.

e The evidence given in [16] is
confusing, but suggests that
interviews are better than

e The quality of the study [22]
can be qualified as being on
the low side

Elicitation techniques do not appear to provide
specific types of information, that is, there is not
4 | enough evidence to support differential
information access depending on what elicitation
technique is used

[10,11,13,22,78] | [16] can be qualified as being on

e The quality of the study [22]

the low side.

Analyst experience does not appear to be a

generally help to discover new requirements.

5 | relevant factor during information acquisition, at | [3,63,74] [34] | ---
least using interviews as an elicitation technique.
e Not a lot of evidence is
The use of visual aids or prototypes focuses the available as yet, although
6 | discussion on the displayed artifact and does not | [41,68] - other studies (not covered by

this review), like [30],

support this finding.

(1) = Studies that provide evidence in favor of the aggregation

(2) = Studies that provide evidence against the aggregation

commonly used in practice. Therefore, the results serve

to back the belief in its effectiveness.

The second group, unexpected results, encompasses

#4, #5 and #6:

e Result #4 claims that there is not enough evidence
to support the “Differential access hypothesis”.
Translated into everyday language, this result
means that all the elicitation techniques have more
or less the same power to elicit information.
Although further research is needed before this
result can be classed as confirmed, if it were true,
its effect would be enormously positive, as,
contrary to what appears to be a widely held
opinion today, this would mean that just one
technique or a small subset of techniques would be
enough to undertake elicitation, irrespective of the
problem to be solved.

e Result #5 claims that analyst experience is not a
relevant factor during information acquisition
using interviews or, alternatively, a novice analyst
is capable of eliciting information just as well as
an experienced analyst. The empirical studies
show, in fact, that the careful preparation of
interviews has a much more marked effect than
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analyst experience. In other words, a novice
analyst who prepares the interview well
beforehand is even capable of eliciting more
information than an experienced analyst. This
result is really surprising, because it contradicts
decade-old requirements engineering beliefs and,
although it warrants further corroboration, should
lead both requirements engineering practitioners
and educators to think matters over.

Finally, result #6 claims that prototypes do not
help to discover new requirements. This is another
controversial result and has need of some
explanation. What actually appears to be
happening is that prototypes tend to focus the
discussion on the artifact (mock-up, prototype).
This then prevents information that cannot be
reflected (visualized, experienced) in the displayed
artifact from being gathered. User experience
appears to be an important factor here, as novice
users tend to focus the discussion more on the
artifact than experienced users [30]. Obviously,
the evidence there is to date is very weak, but
everything points in the specified direction. As in
the case of result #5, the effect of prototype-
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induced focus should be taken into account both in
practice and in the education of future engineers.

6. Discussion and conclusions

The findings of this review can be summarized in
four key points:

e Interviews, preferentially structured, appear to be
one of the most effective elicitation techniques in a
wide range of domains and situations.

e Several techniques often cited in the literature, like
card sorting, ranking or thinking aloud, tend to be
less effective than interviews.

e Analyst experience does not appear to be a
relevant factor, at least using interviews as an
elicitation technique.

e The studies conducted have not found the use of
prototypes  during  software  requirements
elicitation to have significant positive effects.

It should be noted that the selected studies have not
been replicated, and therefore the above claims cannot
be said to be certain. However, this was something we
had counted on from the very moment this research
was planned. In other areas of software engineering
knowledge, like software testing, the shortage of
empirical studies and the almost complete absence of
replications is, as in the field of elicitation, the
dominant tendency [51].

Furthermore, we should not overlook the fact that
there are a range of constraints, caused by the primary
studies, that influence the aggregation, as indicated in
[24]. These effects should be considered before using
these results both in theory and in practice. The most
relevant are:

e Contextual factors (problem type, experimental
environment, subjects’ background, etc.) are very
wide ranging. This need not necessarily be a
constraint, as it helps to increase the external
validity of the empirical studies [7]. However, the
absence of replications stops the influence of these
factors on the observed effects being properly
taken into account and, therefore, leads to any
attempts at extrapolation having only limited
validity. For example, one might want to know
whether results #3 and #6 would still hold if the
experimental problem involved determining the
user interface instead of acquiring more general
requirements. Unfortunately, this fact cannot be
clarified without future empirical studies.

e Sample sizes used in most experiments are quite
small, considering the variety of contextual factors
present in the empirical studies. In most cases,
there are around twenty experimental units, albeit
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with exceptions, like [5,10,94], where the
experimental units were of the order of a hundred.,
Save for cases like [41,50], where the sample size
is 7 and &, respectively, the number of
experimental units is, however, enough to yield
reasonably reliable results.

e There are big differences between the elicitation
techniques used in the experimental studies
examined. Even when several studies, like
[3],[11,63] nominally use the same technique
(interviews in these cases), there are sizeable
differences between the studies that can affect the
results if the techniques in question are
generalized as proposed in the aggregation
strategy. One possible way of overcoming this
shortcoming would be to use the idea proposed in
[79]. This paper suggests decomposing the
elicitation techniques into facets. Instead of
considering a technique as a whole, it would be
possible to analyze the method as being composed
of several parts that interact to acquire
information. Such decomposition would introduce
a new set of factors that could be considered using
the selected aggregation strategy.

e The response variables used in the different
empirical studies differ largely as regards both
their definition (what is measured) and the
measurement procedure (how it is measured).
Consequently, and as in the case of elicitation
techniques, such differences can affect the results
if these response variables are generalized.

Even so, the coincidences between the results of
many empirical studies, despite there being profound,
both methodological and contextual differences among
them, are surprising. At least some confidence in the
reliability of the results can be derived from this. We
trust, therefore, that the results yielded by this research,
as well as the findings explained in [24], will serve to
support the routine activities of practitioners and above
all as an incentive to researchers to do further
investigation in the field of knowledge elicitation.
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