
Fo
r A

ut
ho

r's
 A

pp
ro

va
l

Empir Software Eng
DOI 10.1007/s10664-011-9174-8

Replication of an experiment on linguistic tool support
for consolidation of requirements from multiple sources

Krzysztof Wnuk · Martin Höst · Björn Regnell

© Springer Science+Business Media, LLC 2011
Editor: Daniel M Berry

Abstract Large market-driven software companies continuously receive large num-
bers of requirements and change requests from multiple sources. The task of analyz-
ing those requests against each other and against already analyzed or implemented
functionality then recording similarities between them, also called the requirements
consolidation task, may be challenging and time consuming. This paper presents a
replicated experiment designed to further investigate the linguistic tool support for
the requirements consolidation task. In this replication study, 45 subjects, working
in pairs on the same set of requirements as in the original study, were assigned
to use two methods for the requirements consolidation: (1) lexical similarity and
(2) searching and filtering. The results show that the linguistic method used in this
experiment is not more efficient in consolidating requirements than the searching
and filtering method, which contradicts the findings of the original study. However,
we confirm the previous results that the assisted method (lexical similarity) can
deliver more correct links and miss fewer links than the manual method (searching
and filtering).

Keywords Requirements engineering · Experiment · Linguistic method ·
Replication

1 Introduction

Requirements engineering in a market-driven context can be characterized by
continuous elicitation, time-to-market constraints, and strong market competition
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(Natt och Dag 2006a; Regnell and Brinkkemper 2005). In this context, require-
ments are continuously arriving from multiple sources, throughout the development
process (Regnell et al. 1998). When the company is growing and expanding, more
products are created which result in a more complex variability structure, and
more effort is needed to handle product customizations, for example by utilizing
the Software Product Line (SPL) concept (Pohl et al. 2005). This constant flow of
requirements needs to be analyzed from the perspective of new market opportunities
and technical compliance. In a case when a company is large and develops complex
software solutions, the quantity of information to constantly analyze and assess may
severely impede the analytical capacity of requirements engineers and managers
(Gorschek et al. 2007; Leuser 2009). Providing a method that can assist in analyzing
large numbers of natural language requirements for the purpose of finding and
recording similarities between them can significantly reduce time needed to perform
the task (Cleland-Huang et al. 2007), help to miss fewer requirements links (Natt och
Dag et al. 2006) and increase the accuracy of the task.

The process of analyzing incoming requirements from customers or customer
representatives (also called proxy-customers) against requirements already present
in the requirements repository can be called requirements consolidation. This process
includes gathering incoming documents, finding similarities, and merging or linking
similar descriptions into a consolidated single description that covers all analyzed
aspects. This process can also be a part of the broader impact analysis task. The
core of the requirements consolidation process is finding the similarities between
requirements and recording them by making links between them (Natt och Dag et al.
2006). However, the number of possible links grows exponentially with the increase
of the number of requirements to analyze, which may result in overwhelming
the company’s management and analytical skills (Leuser 2009). As a remedy to
this problem, Natt och Dag et al. (2006) developed and evaluated a method for
requirements consolidation that utilizes linguistic techniques and provides a list of
requirements that are the most similar to the currently analyzed requirement. The
evaluation of this method showed that using the method can significantly improve the
performance of the consolidation process as well as the number of correctly linked
requirements, and that it can help to miss fewer requirements links (Natt och Dag
et al. 2006). However, the unsupported method used in the original experiment was
limited to a simple search functionality, while most currently available requirements
management tools offer more advanced filtering and searching techniques.

This replication study has been designed to assess whether the tool with a linguistic
analysis of the similarity between requirements can still perform better than currently
available commercial requirements management tools in the task of requirements
consolidation. A replicated experiment has been chosen due to its falsifiable nature.
Replications provide a possibility to evaluate whether the output parameters of a
system remain stable if one or more input parameters are systematically changed.

In this experiment, two subject groups, working in pairs, were asked to consolidate
two requirements sets by finding and linking requirements that address the same
underlying functionality. This replication reuses the original procedures in terms
of the study design, experimental steps and the two requirement sets. The changes
to the original experiment are: (1) using another set of subjects which were asked
to work in pairs due to unexpected housing issues and (2) changing one of the
treatments. Due to a limited number of available computers in the laboratory
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room, the subjects were asked to work in pairs on the assignment. Given this
context, this replication study can be classified according to Shull et al. (2008) as a
dependent replication. However the classification provided by Shull does not define
if a replication where both the population and one of the methods used to test
the hypotheses is changed can also be categorized as an exact replication (Shull
et al. 2008, only mention changing either the population or the artifact) on which
the technique is applied. According to the classification by Basili et al. (1999), this
replication type is the one that varies the research hypotheses. The unchanged object
in this replication study, also called the assisted method, is a research prototype
tool, called ReqSimile (Natt och Dag 2006b), that utilizes linguistic analysis to assist
in the task of finding similar requirements. The second object, which was changed
compared with the original experiment, is called the manual method, and it utilizes
searching and filtering functionalities implemented in a tool called Telelogic Doors
(IBM 2010a).1

The objectives of the study are twofold: firstly to assess if a significant differences
between the two methods tested in the original experiment can be confirmed in
a replicated experiment setup and secondly to compare the results for the same
methods between the two experimental sessions. The objectives are refined to two
main research questions in Section 4.

The paper is structured as follows: Section 2 provides industrial problem de-
scription. Section 3 provides related work. Section 4 describes the experimental
design. Section 5 explains experiment execution procedures. Section 6 describes the
experiment results analysis. Section 7 provides an interpretation of results. Section 8
concludes the paper.

2 Industrial Problem Description

New requirements and changes to existing requirements are inevitable situations
at all stages of the system development process (Kotonya and Sommerville 1998).
The two principal requirements management activities that address this phenomena
are: (1) change control and (2) change impact assessment. The change control
ensures that, if a change is accepted, its impact on design and implementation
artifacts will be addressed. The change impact assessment warrants that proposed
changes have a known impact on the requirements and software system (Kotonya
and Sommerville 1998). A company that is operating in a market-driven mode
should continuously monitor the market situation by checking competitors latest
achievements, researching market needs and collecting all possible feedback from
the market in a chase for achieving or maintaining the competitive advantage within
its operational business. This pursuit after an optimal market window, together with
other reasons, creates a constant flow of new requirements and ideas throughout the
entire software product lifetime (Karlsson et al. 2002). As a result, the requirements

1The Telelogic DOORS tool has recently changed its vendor and its name to Rational DOORS.
However, since the Telelogic Doors version 8.3 was used in this experiment, we will refer to this tool
throughout this paper as Telelogic Doors. Both methods were compared for the task of requirements
consolidation meaning that comparing the two tools in general is outside of the scope of this paper.
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process for market-driven contexts needs to be enriched with procedures to capture
and analyze this constant flow of requirements (Higgins et al. 2003).

As pointed out by practitioners from large companies (Berenbach et al. 2009),
when development projects grow in complexity and new products are released to
the market with many features, the importance of good practices in requirements
management grows. In the case when a company is large and operates globally, the
diversity of customers and the complexity of software products can make the list of
sources of new requirements and change requests extensively long, including: cus-
tomers and proxy-customers (marketing, customer representatives and key account
managers), suppliers, portfolio planners and product managers. The company’s
requirements analysts should, in this, case analyze all incoming requirements and
change requests in order to find an optimal set of requirements that will address
the needs of as many customers as possible. In this context, the concept of Software
Product Lines (SPL) (Pohl et al. 2005) is often used to increase the reuse of common
components while providing necessary diversity of similar products, requested by
various customers.

Change management in a Software Product Lines context can be particularly
challenging, for example, because of the extensive and often exhaustive variability
analysis that has to be performed while analyzing the impact of a change. Moreover,
the requirements analyst has to consider if a certain new requirement or request has
already been analyzed and what was the result of this analysis. One of the methods
to assist with the analysis of incoming requirements versus those already present
in the requirements database is to find and record similarities, making traceability
links. In the industrial case example, provided by the original experiment, the experts
became frustrated during the analysis because they had to identify compliance to the
same or very similar requirements multiple times. Large parts of the new versions of
requirements request documents, arriving from the same customer are typically the
same as previous versions. Furthermore, the same and very similar requirements can
appear in the request from different customers (Natt och Dag et al. 2006). Providing
an automatic or semi-automatic method of analyzing similarity between incoming
requirements could significantly decrease the amount of time needed to perform
this task.

The process of finding and recording similarities between software development
artifacts is a part of the requirements traceability activity, which has been widely
recognized as a useful method for recording relations and dependencies between
software project artifacts for the purposes of change and impact analysis tasks
(Ramesh et al. 1995; Wiegers 2003; Antoniol et al. 2002; Jarke 1998; Gotel and
Finkelstein 1994). The core of the requirements traceability task is to find and record
the dependencies between the traced elements, which are assumed to be exhibited
by their lexical similarity (Natt och Dag 2006a). The importance of requirement
traceability is significant; the U.S. Department of Defense invested in 2001 about 4
percent of its total IT budget on traceability issues (Ramesh and Jarke 2001). Other
large companies, have also stressed the importance of implementing traceability in
their industry projects (Samarasinghe et al. 2009; Berenbach et al. 2009; Konrad and
Gall 2008; Panis 2010; Leuser 2009).

However, despite recognition of its importance, implementing a successful trace-
ability in practice is challenging (Cleland-Huang et al. 2002). The task of finding
relationships between the elements and establishing traces between them is a



Fo
r A

ut
ho

r's
 A

pp
ro

va
l

Empir Software Eng

“mind numbing” (Hayes et al. 2003), error prone and time consuming activity.
Moreover, maintaining a traceability scheme is difficult because the artifacts being
traced continue to change and evolve as the system is developed and extended
(Zowghi and Offen 1997; Strens and Sugden 1996). Furthermore, as pointed out
by Leuser (2009), current traceability approaches used in practice are cumbersome
and very time consuming, mainly because they are almost completely manual. The
size of requirements specifications in large industrial projects may reach thousands
of requirements (Leuser 2009; Konrad and Gall 2008). To tackle these issues,
several researchers proposed using Information Retrieval (IR) methods such as the
Vector Space Model (VSM), also used in this experiment, (Antoniol et al. 2002;
Cleland-Huang et al. 2007; Natt och Dag et al. 2004), the Probabilistic Network
Model (Cleland-Huang et al. 2005, 2010), and Latent Semantic Indexing (LSI) (Lucia
et al. 2007; Hayes et al. 2006; Lormans and Van Deursen 2006; Marcus and Maletic
2003) for semi-automatic recovery of traceability links.

3 Related Work

Replications play an important role in software engineering by allowing us to build
knowledge about which results or observations hold under which conditions (Shull
et al. 2008). Unfortunately, replications in software engineering are still rarely
reported (Ivarsson and Gorschek 2009). A recent survey of controlled experiments
in software engineering revealed that replications are still neglected by empirical
researchers, only 18% of the surveyed experiments are reported as replications
(Sjøberg et al. 2005). Moreover only 3.9% of analyzed controlled experiments can be
categorized according to the IEEE taxonomy as requirements/specification related
(Sjøberg et al. 2005; IEEE 2010).

The awareness of new possibilities that Natural Language Processing (NLP)
can bring to requirements engineering has been present from the beginning of
the requirements engineering discipline, when Rolland and Proix (1992) discussed
the natural language approach for requirements engineering. Shortly after, Ryan
(1993) warned that although natural language processing provides a variety of
sophisticated techniques in the requirements engineering field, they can only support
sub-activities of requirements engineering and that the process of using natural
language processing techniques has to be guided by practitioners. The possibilities
mentioned by Ryan (1993) and Rolland and Proix (1992) have later been explored
by a number of research studies and publications, where applications of various
NLP techniques in supporting requirements management activities were evaluated
and discussed. Among those that include some kind of empirical evaluations, the
vast majority of natural language process tools are used to examine the quality of
requirements specifications in terms of, for example, the number of ambiguities
(Fantechi et al. 2003) by assigning ambiguity scores to sentences depending on
the degree of syntactic and semantic uncertainty (Macias and Pulman 1995), or
detecting ambiguities by applying an inspection technique (Kamsties et al. 2001).
Furthermore, Rupp (2000) produced logical forms associated with parsed sentences
to detect ambiguities. Among other quality attributes of requirements artifacts
that natural language processing attempts to analyze and improve, Fabbrini et al.
(2001) proposed a tool that assesses understandability, consistency, testability, and



Fo
r A

ut
ho

r's
 A

pp
ro

va
l

Empir Software Eng

correctness of requirements documents. Providing measurements that can be used
to assess the quality of a requirements specification document is the aim of the
ARM tool proposed by Wilson et al. (1997). Mich et al. (2002) reported on an
experiment designed to assess the extent to which an NLP tool improves the quality
of conceptual models. Finally, Gervasi and Nuseibeh (2000) used natural language
processing techniques to perform a lightweight validation (low computational and
human costs) of natural language requirements.

Apart from the quality evaluation and assurance tasks, NLP techniques have also
been applied to the task of extracting abstractions from textual documents (Aguilera
and Berry 1991; Goldin and Berry 1997) and helping combining crucial requirements
from a range of documents that include standards, interview transcripts, and legal
documents (Sawyer et al. 2002). Sawyer et al. (2005) have also reported how
corpus-based statistical language engineering techniques are capable of providing
support for early phase requirements engineering. Rayson et al. (2001) reported
experiences from a project where probabilistic NLP techniques were used to identify
and analyze domain abstractions. Their results were further supported by a later
study by Sawyer et al. (2004), where ontology charts of key entities were produced
using collocation analysis. The continued interest in this issue has been reported by
Gacitua et al. (2010) who proposed a new technique for the identification of single-
and multi-word abstractions named Relevance driven Abstraction Identification
(RAI). Finally, Gervasi et al. (1999) used lexical features of the requirements to
cluster them according to specific criteria, thus obtaining several versions of the
requirements document.

The ReqSimile tool evaluated in this paper uses a correlation to measure lexical
similarity and thus rank candidate requirements for linking, presenting to the user
the “top” subset of those requirements. The linguistic method, also called the
cosine measure, uses a vector-space representation of requirements where each
requirement is represented using a vector of terms with the respective number of
occurrences (Natt och Dag et al. 2004; Manning and Schütze 2002). Each term can
be seen as a dimension in an N-dimensional space while a whole requirement can
be represented as a point in the N-dimensional space. Similar requirements will be
represented in this space as m points closely clustered. From the matrix, which shows
how many times a term appears in each requirement, the information may be derived
about how many terms the two requirements have in common. The very similar
requirements will result in closely clustered points in this vector space (Manning
and Schütze 2002). In the evaluated method (Natt och Dag 2006a) a frequency of
terms has been used, instead of counting the occurrences. The cosine correlation
measure is often chosen in text retrieval applications for the purpose of finding
similar requirements, as it does not depend on the relative size of the input (Manning
and Schütze 2002).

σ( f, g) =

∑

t

w f (t) ∗ wg(t)

√∑

t

w f (t)2 ∗
∑

t

wg(t)2

(1)

The measure in (1) is used for calculating the degree of similarity, where f and g
are two requirements, t ranges over terms, and w(t) denotes the weight of term
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t. The term weight is typically a function of the term frequency, since while the
number of times a word occurs is relevant, its relevance decreases as the number
gets larger (Manning and Schütze 2002). However, there is a challenge in the way
stemming rules are used in this method. For example, the stemming rules do not
reduce the verb containerization and the noun container to the same stem. From a
semantic point of view this is perfectly correct, but as the two terms concern the
same domain concept their association should be utilized to increase the similarity
measure. The realization of the Vector Space Model used in this paper does not
support this association. Another potential problem has to do with synonyms as they
are not considered in the model. Finally, as mentioned in (Natt och Dag 2006a),
there is no guarantee that two requirements that are similar according to the σ(.)

measure are indeed related. The method evaluated does not consider hypernyms
and hyponyms (Jackson and Moulinier 2002).

The ReqSimile tool evaluated in this paper is not the only research tool that
provides support for requirements traceability. Hayes et al. (2007) proposed a
REquirements TRacing On-target (RETRO) tool that uses the LSI technique to find
similarities between analyzed elements and help the analyst with making traceability
links. Lin et al. (2006) proposed a Web-based tool called POIROT that supports
traceability across distributed heterogeneous software artifacts. A probabilistic net-
work model is used by POIROT to generate traces between requirements, design
elements, code and other artifacts stored in distributed third party case tools.

The second method evaluated in this study uses searching and filtering function-
alities provided by Telelogic DOORS tool (IBM 2010b). According to the product
documentation, the “finding text in a module” function can search for all the objects
that contain a specific search string. The tool displays the options of the search that
have already been set in the search window. The possible options are: (1) highlight
matches, (2) match case and (3) use regular expressions. To change the search
options, the Advanced tab in the same window has to be used. Additionally, it is
possible to select the attributes included in the search, for example object heading
or object text. The tool provides UNIX-style regular expressions support when
searching for text. For example, using c.t will search for all three letter words that
start with c and end with t. Using 200[123] will search for either 2001, 2002, or 2003.
Subjects during the experiment can also use filters to control what data is displayed
on the screen. The tool provides two types of filters: simple and advanced. Simple
filters can be used to filter: (1) the contents of every attribute of type text or string,
(2) object heading number, (3) the content of any column or the value of a single
attribute of any type. Additionally, it is possible to filter on the basis of whether the
object has links or is either the current object or a leaf object. Using advanced filters
gives the possibility to combine simple filters to create complex filters, specify filter
options that control what is displayed.

Using filters requires more steps than using the searching functionality. First,
the filter has to be defined and its attributes have to be set. After this step, the
user has to define if the filter should match case option or regular expressions.
Finally, it is possible to filter only objects that have certain types of links, such as in-
links, objects that are leafs and filter the content of columns. While using advanced
filters, it is possible to combine previously defined simple filters by using And, Or
and Not to combine them into logical expressions. It is also possible to control the
output of applying a filter. The possible options are: (1) show ancestors or (2) show
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descendants of the object that match the filter criteria and (3) display all table cells
and their contents regardless of whether they match the filter criteria. According to
the product documentation, the Telelogic DOORS tool does not provide any auto-
completion, stemming or proximity search options. Exclusion searches are possible
by combining two simple filters where one is negated by using the “NOT” logical
expression.2

The requirements consolidation task can, in a broad perspective, be considered as
the more general task of negotiating the scope of the future project with multiple
stakeholders. Assuming this broad definition of the task, we discuss alternative
approaches of supporting this negotiation process. Fricker et al. (2010) propose a
negotiation process, called handshaking with implementation proposals. The process
has been used to communicate requirements effectively, even in situations where
almost no written requirements exist and where distance separates the customer
from the developers. The architectural options are used in this case to understand
requirements and make implementation decisions that will create value. Sommerville
et al. (1997) proposed a viewpoint-based approach to requirements engineering
which may be used to structure the requirements description and expose conflicts
between different requirements. As systems usage is heterogeneous, viewpoints can
organize different types of information needed to specify the system and by that help
to structure the process of requirements elicitation. Breaux (2009) uses grounded
theory to analyze regulations and legal documents for the purpose of ensuring that
the software system to be built is demonstrably compliant with relevant laws and
policies.

4 Experimental Design

The two main objectives of this study, presented in Section 1, can be further refined
to the following research questions:

Q1: Can significant differences between the assisted and the manual methods
that were achieved in the original experiment be confirmed in a replicated
experiment where the original manual method is replaced with a keyword
searching and filtering tool?

Q1a: Is the assisted method more efficient in consolidating two requirements
sets than the manual method (where efficiency is calculated as the
number of analyzed requirements)?

Q1b: Is the assisted method more correct in consolidating two requirements
sets by assigning more correct links than the manual method (correct-
ness is calculated as a number of correctly linked requirements)?

Q1c: Does the assisted method help to miss fewer requirements links than the
manual method?

2The information about searching and filtering functionalities has been based on the manual for
DOORS version 8.3. The instruction of how to use Telelogic Doors for linking used in this
experiment is available at http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/
HelpSheetDoors.pdf.

http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/HelpSheetDoors.pdf
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/HelpSheetDoors.pdf
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Q2: Is there any difference between the original and replicated experiment sessions
for the same method?

Q2a: Is there any difference in the results for the assisted method between
the original and the replicated experiments?

Q2b: Is there any difference in the results for the manual methods between
the original and the replicated experiments?

The aim of Q1 is to assess if the results obtained in the original experiment holds
even if one of the tools is changed. The research question Q1 is divided into three
sub-questions, where each of them is explicitly addressing various quality aspects of
the consolidation process. Question Q2 aims to assess the difference between the two
experiments. The possible differences provide valuable input regarding the nature of
the consolidation task and the subjects used in both experiments.

The central part of the requirements consolidation task is finding similarities
between the two sets of requirements as described in detail in Section 3. The methods
evaluated in the experiment were implemented in two tools: (1) ReqSimile (Natt och
Dag et al. 2006) and (2) Telelogic Doors (IBM 2010a). As mentioned in Section 1, the
goal of the study is not to evaluate the tools in general, but to compare the methods
that they provide. The planning phase was based on the original experiment (Natt
och Dag et al. 2006) and, when possible, the original material is reused and extended
according to the guidelines of designing experiments presented by Wohlin et al.
(2000). In order to draw more general conclusions, the authors put additional effort
into minimizing the difference between this experiment design and the original
experiment design.

Since most of the design has been reused from the original experiment, the
evaluation of the experiment design for the replication sake was limited to checking
additional changes. The changes concern questionnaire improvements and new
instructions regarding the use of the Telelogic Doors tool (IBM 2010a). The exper-
iment design was evaluated by an additional researcher, experienced in conducting
empirical research in software engineering, before executing the experiment. The
same researcher participated in the pilot study where both tools were used to find
similar requirements and create links between them. Comments and suggestions
regarding readability and understandability of the laboratory instructions were given
and later implemented. Finally, since the requirements sets used in this experiment
were the same as in the original experiment, the correct answer to the consolidation
task remained unchanged. The experiment pack can be accessed at http://fileadmin.
cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/Experiment.rar.

Similarly to the original experiment, this replication study was also conducted in
the form of a laboratory experiment, since it captures the consolidation problem in an
untainted way. Figure 1 depicts the conceptual solution of the consolidation activity.
To the left in Fig. 1, two requirement sets A and B are shown. They represent two
consecutive submissions of requirements specifications from the same key customer.
We can also assume that the earlier specification is set A in this case, and that it
would have already been analyzed and the result from the analysis is available in
the central requirements database. The subjects use one of the tools, either Telelogic
Doors for the manual method (IBM 2010a) or ReqSimile for the assisted method
(Natt och Dag et al. 2006), to find requirements in the set B that were already
analyzed in the set A and to mark them by assigning a link between them. The

http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/Expe riment.rar
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/Expe riment.rar
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Fig. 1 The process of using
the support tool for
requirements consolidation A

A’

Assisted or Manual C
method

C

B
B’

output of the process is shown to the right of Fig. 1. The subset A’ comprises all
requirements that are not linked to any requirement in the set A. The subset B’
represents all new requirements that have not previously been analyzed. Finally,
there is the subset C, which comprises all requirements in the new specification that
previously have been analyzed. The analyst would then send the requirements in
set B’ to the experts for analysis. The experts are thus relieved from the burden of
re-analyzing the requirements in subsets A’ and C.

4.1 Goals, Hypothesis, Parameters and Variables

The variables in this experiment were kept unchanged from the original study
(Natt och Dag et al. 2006). They can be grouped into independent, controlled and
dependent:

– The independent variable is the method used in the experiment. The two
methods compared are manual and assisted.

– The controlled variable is the experience of the participants. In order to analyze
the individual experience of the subjects, a questionnaire was used.

The dependent variables are:

T time used for the consolidation
N the number of analyzed requirements
Ncl number of correct links
Nil number of incorrect links
Ncu number of correctly not linked
Niu number of missed links (incorrectly not linked)

These dependent variables are used to analyze the hypotheses. The number
of analyzed requirements is used in case the subjects are not able to analyze all
requirements, which will affect Niu and Ncu. The hypotheses for comparing the
manual and the assisted method remain unchanged from the original experiment
design. The rationale of the proposed hypotheses is based on the following theory
regarding using the assisted method. The assisted method provides a list of candidate
requirements ranked by their similarity degree to a currently analyzed requirement.
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As a result the requirements analysts has to review only a subset of all possible
combinations, for example the top ten candidate links. Thus we state a hypothesis
that the assisted method can help to analyze requirements faster. Moreover, since the
most similar requirements are placed next to each other on the list of candidates it
is easier to read all potential candidates that exhibit high degree of lexical similarity.
The result is expected to be an increased number of correct links, better precision and
accuracy. Finally, the sorting according to lexical similarity should, in our opinion,
help to miss fewer correct requirement links, since there is a high probability that
all possible links to analyze will be show in the top 10 or 20 candidate requirements.
Presented below are six null hypotheses:

(H1
0) The assisted method results in the same number of requirements analyzed

per minute, N/T, as the manual method.
(H2

0) The assisted method results in the same share of correctly linked require-
ments, Ncl/(Ncl +Niu), as the manual method.

(H3
0) The assisted method results in the same share of missed requirements links,

Niu/(Ncl + Niu), as the manual method.
(H4

0) The assisted method results in the same share of incorrectly linked require-
ments, Nil/N, as the manual method.

(H5
0) The assisted method is as precise, Ncl/(Ncl + Nil), as the manual method.

(H6
0) The assisted method is as accurate, (Ncl + Ncu)/(Ncl + Nil + Ncu + Niu), as the

manual method.

Since the subjects may not use exactly the same time for the task, the performance is
normalized as the number of analyzed requirements divided by the total time spent
on the consolidation task (in minutes).

4.2 Subjects

In this study, a different set of subjects compared to the original experiment, although
from the same kind of population was used. The sample includes participants of
the course in Requirements Engineering at Lund University (2011a). The course
is an optional master-level course offered for students at several engineering pro-
grams including computer science and electrical engineering. It gives 7.5 ETCS
points (ECTS 2010) which corresponds to five weeks full time study. Although
the experiment was a mandatory part of the course, the results achieved by the
subjects had no influence on their final grade from the course. The students were
between 24 and 41 years old with an average of 27 years. There were four female
and 41 male students. Before conducting the experiment, the subjects had been
taught requirements engineering terminology and had gained practical experiences
through their course project. The result from the pre-test questionnaire revealed
that the difference in English reading and writing were small, varying from “very
good knowledge” for the majority of subjects to “fluent knowledge” for some of
them. When it comes to the industrial experience in software development of the
subjects, most of them reported no experience at all (28 out of 45 students). Among
the subjects that reported any degree of industrial experience, the length of the
experience varied between three months and two years with an average value of
11 months. The analysis of industrial experience in pairs of subjects revealed that
ten pairs had varying degrees of industrial experience which was not always equal.
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Table 1 The number of years of industrial experience in software development for pairs of the
subjects that participated in this replication

The remaining pairs of subjects exhibited no industrial experience for both pair members. The letter
A indicates that a pair of subjects used the assisted method while the letter M indicates that a pair
of subjects used the manual method. The IDs (Mx and Ay) are consistent with Table 5. The rows
highlighted gray indicate data points that were removed from the analysis (outliers)

The analysis of the experience of both pair members is presented in Table 1. The
difference in experience varied between three months and 15 months with an average
value of nine months. The impact of the industrial experience on the results achieved
by these subjects is outlined and discussed in detail in Section 7.1 and Table 7.

We have also performed an analysis of the experience of subjects from the
project course that the requirements used in this experiment were developed here

Table 2 The experience and the roles of the subjects that participated in the replication from the
course that the requirements originate from

The letter A indicates that a pair of subjects used the assisted method while the letter M indicates
that a pair of subjects used the manual method (the numbers are consistent with Table 5). The rows
highlighted gray indicate data points that were removed from the analysis (outliers)
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(Lund University 2011b). The results of the analysis are presented in Table 2. The
results revealed that 22 out of the 45 subjects have not taken the course that the
requirements originate from, while the rest had taken the course and acted in various
roles during the project phase of the course.

Next, the roles taken in the course that the requirements originate from in the
pairs formed by subjects were analyzed. For nine pairs, outlined in Table 2, the pairs
are formed by an inexperienced person and an experienced person from the course.
This may have a positive impact on the task, since the more experienced person can
help the inexperienced person to understand the nature and origin of the require-
ments set. However, the more experienced person can bias the consolidation task by
bringing knowledge about the requirements sets and possible similar requirements
from the course. The remaining seven pairs represented experience from various
roles including: developer, development manager system group manager, project
manager and tester. Only one pair had the same experience from being a developer,
in other cases the roles taken in the course project did not overlap.

When it comes to the experience in analyzing and reviewing requirements, 80%
of the subjects declared to have experience only from courses. Among the remaining
20% of the subjects, one pair (M5) had experience from both courses and industry
(less than one year). In this case, the second pair member had only experience from
courses. Furthermore, in cases (A1, A3 and A11), one pair member reported both
experience from courses and less than a year of industrial experience in analyzing
and reviewing requirements. In all three cases, these participants were paired with
subject reporting only experience from the courses. Finally, in the case of pair M8,
one member reported more than one year of industrial experience, while the other
pair member reported no experience at all. The analysis of the results achieved by
these subjects in relation to their experience is discussed in Section 7.1.

A further question concerned the subject’s experience with the tool that imple-
ments the manual method, that is Telelogic Doors. The analysis indicated that 91%
of subjects reported no experience with Telelogic Doors and that they had never
heard about the tool. Although four persons have heard about the tool, they have
never used it. We can conclude that the subjects are homogenous in this matter and
that we can exclude this threat from aspects influencing the results.

4.3 Treatments

The treatments of the experiment are the methods used in supporting the require-
ments consolidation task. The assisted method is implemented in the ReqSimile tool
using linguistic engineering to calculate the degree of similarity between require-
ments by lexical similarity as a way of approximating semantic similarity (Natt och
Dag et al. 2004) (for more details see Section 3).

The other treatment is the manual method which comprises searching and filtering
functionalities provided by the Telelogic Doors tool (IBM 2010a). The goal of the

Table 3 The treatments and tools used in the original and the replicated experiments

Original experiment Replicated experiment

Treatment Assisted method Manual method Assisted method Manual method
Tool ReqSimile ReqSimileM ReqSimile Telelogic doors
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experiment is not to compare the two tools in general, but the functionality that
they provide to support the requirements consolidation task. The objects used in
the original and the replicated experiment are listed in Table 3. Compared to the
original experiment, one of the tools was kept unchanged while the second one
was changed. The change comprises substituting ReqSimileM from the original
design (Natt och Dag et al. 2006) by Telelogic Doors (IBM 2010a) for the manual
method. More information regarding tools used in the replication can be found in
Section 4.5.

4.4 Requirements

Two requirements sets were reused from the original experiment. The requirements
specifications were produced as a part of a course “Software Development of Large
Systems” (Lund University 2011b). The course comprises a full development project,
including: requirements specification, test specification, high-level design, implemen-
tation, test, informal and formal reviews and acceptance testing. At the end of the
course, the students deliver a first release of the controller software for a commercial
telecommunication switch board. Two requirements specifications were randomly
selected from the course given in years 2002 and 2003. The requirements have
been specified in use case style or features style (Lauesen 2002), and all are written
using natural language. Two requirements sets containing 30 and 160 requirements
respectively, were imported to ReqSimlieA and Telelogic Doors. An example of
requirements from the specification comprising 30 requirements is depicted in Table
4. However, the requirements were neither written by a native English language

Table 4 Example requirements from the specification comprising 139 requirements

Key Id Type Selection Description

3 Scenario13 Functional Service: Regular call-busy actors: A: calling subscriber, B:
regular called subscriber, S: system prerequisites: Both
call A and B are connected to the system and are not

unhooked. Step 13.1. A unhooks. Step 13.2. S
starts giving dial tone to A Step 13.3. A dials the
first digit in B_s subscriber number Step 13.4. S
stops giving dial tone to A. Step 13.5. A dials the
remaining three digits in B_s subscriber number
Step 13.8. S starts giving busy tone to A Step 13.9.
A hangs up Step 13.10. S stops giving busy
tone to A

80 SRS41606 Functional Service: Activation of call forwarding to a subscriber that
call has activated call forwarding shall be ignored by
forwarding the system. This is regarded as an erroneous

activation, and an error tone is given to the
subscriber. (Motivation: together with SR41607,
avoids call forwarding in closed loops)

111 SRS41804 Functional Service The service call forwarding shall be deactivated
interaction if a customer removes either the subscriber from

which calls are forwarded or the subscriber to
which calls are forwarded.
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Fig. 2 The user interface of the ReqSmiliA tool used in the experiment. The full-size color
figure can be found at http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/
ReqSimiliA.bmp

writer, nor given to a native English language speaking, experienced requirements
analyst for editing and rephrasing.

4.5 Tools

In this experiment, one tool remained unchanged from the original experiment
while the other tool was changed. The tool that implements the assisted method,
that is ReqSimile (Natt och Dag 2006b), was kept unchanged. The user interface of
ReqSimile is presented in Fig. 2. The left side of the top pane of the window presents
a list of requirements. The data has already been pre-processed by the tool so the user
can start analyzing requirements for similarities. Selecting a requirement (1) makes
the requirement’s details display on the right (2) and a list of similar requirements
in the other set appear in the bottom pane (7), sorted on the similarity value (3).
Requirements that have already been linked in the set of analyzed requirements are
highlighted using another (gray) color (6). Requirements that have been linked to
the currently selected requirements (1) are highlighted using another (green) color
(5). Unlinked requirements are not highlighted (8). Links can be made between the

http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/ReqS imiliA.bmp
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/ReqS imiliA.bmp
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Fig. 3 The user interface of Telelogic Doors used in the experiment. The full-size color figure can
be found at http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/DOORS.png

selected requirement (2) and the requirement with the associated link button (4).
Once a requirement has been selected (1), the user has to perform two operations,
click on the requirement that is supposed to be linked and click the button “link” to
make the link.

The second tool, described by Natt och Dag et al. 2006 as ReqSimileM was
changed in this experiment to Telelogic Doors (IBM 2010a). The user interface of
Telelogic Doors is shown in Fig. 3. The two sets of requirements were opened in
Doors from separated modules and placed next to each other on the screen. Figure 3
illustrates one of the requirements sets opened in a module. This orientation is similar
to ReqSimile’s view and enables easy visual comparing between the two sets of
requirements. The finding and filtering capabilities were used in Telelogic Doors
to perform the consolidation task. These capabilities can be accessed respectively
from the Edit menu and the Find command or the Tools menu and the Filters
command. The subjects were given detailed instructions with screen-shots of each
step and each dialog window that was related to finding and filtering capabilities.
After finding similar requirements, links were established using the tool’s built in
traceability solution. During the planning activities, it was discovered that making
links in Telelogic Doors is not as straightforward as in ReqSimile, where only one
mouse click is required. In this case, the user has to perform two operations in
order to search for or filter out desired requirements. To make a link, the user must
perform two operations: initiate the link on the source side and terminate the link
on the destination side. The instructions for linking requirements in Telelogic Doors
is available at http://www.—anonymized—.com. The subjects received no training in

http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/DOOR S.png
http://www.---anonymized---.com
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using the tools other than the instruction given at the beginning of the experiment
and some practice time, to get familiar with the tool.

4.6 Correct Consolidation

To enable measurement of the subjects’ accuracy of linking requirements that are
semantically similar, the original key for assigning correct links has been reused.
This original key was created by the first author of the original experiment article
(Natt och Dag et al. 2006), having many years of experience from this course in
various roles. It is therefore justifiable to consider this key as one provided by an
expert in the domain. The key was created a priori to any analysis of the subjects’
assigned links in order to reduce any related validity threats. More information
regarding the correct consolidation key, together with the distribution of the position
at which the correctly similar requirements are placed by the tool in the ranked lists,
is available in the original experiment article (Natt och Dag et al. 2006).

4.7 Instrumentation

In this experiment, most of the original experiment’s guidelines were kept un-
changed. In particular, the instructions for how to use the assisted method (ReqSimile
tool) was reused. A new set of instructions describing how to use the manual
method (Telelogic Doors) to find similar requirements and assign links between
them, was developed and evaluated by an independent researcher. Since Telelogic
Doors has a more complex user interface, the instructions were significantly longer
than those for ReqSimile, consisting of eight pages of text and figures. Due to its
length (eight pages), it was decided that subjects using Telelogic Doors should get
more time to read through the instructions for that application. The pre- and post-test
questionnaires were updated according to the changes made from the original study.
In the pre-test questionnaire, the authors added one question about the experience
using Telelogic Doors to be able to measure the impact of this phenomenon on the
results. Furthermore, two questions related to English skills that were separated
in the original design were merged into one. The rationale for this decision was
that the subjects of the experiment will only read requirements so their skills in
writing are not relevant. A pre-test questionnaire including five questions about the
subjects’ industrial experience in software development, experience with analyzing
and revising requirements and possible knowledge and skills in Telelogic Doors was
prepared. Before collecting the data, an additional experienced researcher evaluated
the questionnaire to check the understandability of questions and their relevance for
this study.

Due to a limited number of available computers in the laboratory room, the
subjects were asked to work in pairs for the experiment. This deviates from the
original experiment design, where subjects were performing the task individually
and demands additional analysis to ensure that groups were formed equally. Some
changes were also made to the post-test questionnaire. The original questions
regarding (1) the time spent on the consolidation task, (2) the number of finished
requirements, (3) the number of found duplicates, similar and new requirements
and (4) the usefulness of used methods were kept unchanged. Moreover, two
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questions about the scalability of used methods and possible improvements were
kept unchanged comparing to the original experiment design.3

4.8 Data Collection Procedure

The data collection procedure was kept as similar as possible to the original exper-
iment design. The subjects were given the introduction and problem description by
the moderator. After the introduction, subjects were given some time to read through
the assigned tool’s instruction and make themselves familiar with its user interface.
At this stage, the groups assigned to work with Telelogic Doors were given some
extra time (approximately 5–10 min) since the tool interface was more complex and
the instruction was longer. One of the important changes here is that the subjects
answered pre-study test right before starting the task. The results of the pre-study
survey were analyzed afterward and are presented in Section 4.2. Next, the subjects
were asked to work for 45 min on the consolidation task. The results from the
actual experiment were collected by analyzing the information recorded in the tools
about the number of links made and requirements analyzed by the subjects. The
experimental results were also checked against the results of the post-questionnaire
to ensure consistency. The post-questionnaire was asked after performing the task.

4.9 Validity Evaluation

As for every experiment, questions about the validity of the results must be ad-
dressed. Threats to validity are presented and discussed using the classification of
threats to conclusion, internal, construct and external validity as proposed by Wohlin
et al. (2000).

Conclusion Validity In order to not have too low power of the statistical tests,
parametric tests (t-test) were used after having investigated the normality of the data.

Subjects were selected from the same education program to limit their hetero-
geneity. Moreover, the questionnaire about the experience of subjects from industry,
experience from the course where requirements originate from and experience in
reviewing requirements was used to assess the heterogeneity of the subjects in these
aspects. However, the threat related to the fact that subjects were asked to work
in pairs may impact the conclusion validity. It affects in particular the random
heterogeneity of subjects, since created pairs may manifest differences in industrial
experience or experience from the previous courses. We discuss this threat in the
analysis of the pre-study questionnaire results in Section 4.2 and the results achieved
by the subject in relation to their experience in Section 7.1. The way how the subjects
took seats in the laboratory room and thus the way how they were assigned to the
methods can also be questioned here. As pointed out by Wilkinson (1999), random
assignment is sometimes not feasible in terms of the control or measure of the
confounding factors and other source of bias. Elements outside the experimental
setting that may disturb the results were minimized. Students were not interrupted

3Both questionnaires are available at http://fileadmin.cs.lth.se/serg/ExperimentPackages/Replication
ReqSimile/PreTest.pdf and http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/
PostTest.pdf.

http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/PreTest.pdf
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/PreTest.pdf
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/PostTest.pdf
http://fileadmin.cs.lth.se/serg/ExperimentPackages/ReplicationReqSimile/PostTest.pdf
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during the experiment sessions and no significant noise was present. In order to
minimize random irrelevance in experimental setting, the experiment moderators
ensured that any discussions in pairs of subjects should be made as quietly as possible.

Although all subjects have taken the same education program for 2.5 years, the
individual differences in industrial experience, experience in the course from which
the requirements originate, and knowledge of English may affect the results. The
searching for a specific result threat was addressed by not notifying the subjects which
method is supposed to perform better than the other. The threat to the reliability of
measurements is addressed by reusing the original measurements for the replication
case. Moreover, all subjects received the same instruction for using the treatments
which helps to standardize the application of treatments to subjects. Finally, the
error rate of the significance level and the use of Bonferroni correction (Arcuri and
Briand 2011) are among the threats to conclusion validity. The possibility of using
the Bonferroni correction to adjust the level of significance is discussed in Section 7.

Internal Validity In this case, threats related to the history, maturation etc. have to
be mentioned. The history threat to internal validity is minimized by applying one
treatment to one object. Both days when the experiment sessions were held where
normal working days not followed by any holidays (the first session took place on
Tuesday and the second session on Friday). The maturation threat was minimized by
dedicating only 45 min for the consolidation task (we assume that the subjects won’t
get bored by the task in 45 min). The instrumentation threat is addressed in two
ways: (1) by reusing the original experimentation instrumentation, if no changes were
needed, and (2) reviewing the instrumentation documentation by an independent
researcher. However, since subjects were not divided into groups according to the
results of the pre-study questionnaire (the questionnaire has been filled in right
before the experiment’s execution), the statistical regression threat can not be as
easily addressed as in the original experiment. The analysis related to this threat is
presented in Sections 4.2 and 7.

The incentives of participants are, next to their experience, an important factor
that may influence the results of this study. According to the classification presented
by Höst et al. (2005), both the original experiment and replication can be classified
as I2 E1 where I2 means that the project is artificial (in terms of incentive). The
subjects typically have no prior knowledge of the artifacts that they are working with
and the requirements sets used in the experiment were developed by the researcher
or borrowed from an industrial organization. The E1 level on the experience scale
means that the subjects are undergraduate students with less than three months
recent industrial experience, where recent means less than two years ago. Although
the identical comparison of two I2E1 cases is not present in Höst et al. (2005), the
example of two experiments classified as E1 I1 (where I1 means an isolated artifact)
shows no significant difference in their outcomes. Moreover, three other pairs of
experiments, classified in the same category, also shows the same outcomes (Höst
et al. 2005).

The selection threat, as in the original design, may influence the results since the
subjects are not volunteers and the laboratory session where the experiment was
performed is a mandatory part of the course. The social threat to internal validity
is addressed since the subject had nothing to gain from the actual outcome of the
experiment; the grading in the course is not based on results of, or preparation
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for, the experiment. Unlike the original experiment design, the experiment groups
were not separated, however no information about which method is expected to
perform better was revealed to the subjects. The possibility of looking at other
subjects’ results during the experiment execution was minimized by placing the
subject in a way that separated each of the two treatments by the other treatment.
Compensatory rivalry may be a problem in this case, since the group that will use the
open-source solution (ReqSimile) or the commercial solution (Telelogic DOORS)
may try to perform better to make their favor type of software win. This threat
was addressed by explicitly stating in the beginning of the experiment that there is
no favorite or assumingly better method. The potentially more problematic threat
is that the subjects had to analyze and link requirements written in English when
they had themselves used only Swedish to specify their own requirements in the
domain. Further, the participants ability to objectively evaluate their skill in English
language is a subject to question. In further work it would be interesting to execute
the experiment on a set of native English subjects, also handling the original set of
requirement to a native speaker experienced requirements analyst who will edit and
rephrase them.

Construct Validity In this case, the theory is that the assisted method implemented
in the ReqSimile tool provides better assistance for a particular task than the method
implemented in Telelogic Doors. We base this theory on the fact that the assisted
method provides a list of candidate requirements augmented with the degree of
lexical similarity. As a result, the analyst can only look at a subset of possible
candidate requirements (the most similar requirements, up to a certain threshold)
thus saving time required to do the task. Moreover, we believe that the list of
possible candidates helps the analyst to miss fewer requirements links and increase
the precision of making the links. In contrast to the original experiment design, none
of the authors have developed any of the tools. However, the originally mentioned
threat related to the awareness of subjects about their own errors is still present in
this experiment. This threat may have influenced the number of correct and faulty
links. Also, as pointed out by Natt och Dag et al. (2006), when subjects know that the
time is measured, it is possible that they become more aware of the time spent and
the performance results may be affected.

The level of experience of the subjects, especially in reviewing requirements,
may influence the outcome of the experiment. This threat to construct validity is
addressed by the analysis and discussion of the results achieved by the subjects
having experience in reviewing requirements in Section 7. Because the same 30 and
160 requirements were used by all subjects in both treatments and experimental
sessions, this may result in a situation where the cause construct is under-represented.
This threat is discussed in Section 7 where alternative designs for this experiment
are outlined. Moreover, keeping the requirements sets unchanged opens up the
possibility of discussing other factors as well as differences between the original
and replicated experiment to assess their influence on the results. The interaction of
different treatments threat to construct validity is minimized by involving the subjects
in only one study. The differences in the user interfaces and their usability may
have influenced the results achieved by the subject. In particular, this threat could
influence the numbers of requirements analyzed and links assigned by the subjects.
This threat has been addressed in two ways: (1) by providing detailed instructions
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on how to make links in the tools and by giving the subjects as much time as they
requested to get familiar and comfortable with the user interface, (2) by making the
user interfaces look as similar as possible by placing the two requirements sets next
to each other in Telelogic DOORS. Finally the evaluation apprehension threat is
minimized by: (1) clearly stating that the performance of the subject has no effect on
their grade in the course and (2) by using requirements that were not written by the
subjects.

External Validity The largest threat in this category is the number of analyzed
requirements. Since only a relatively small number of requirements was analyzed
during the experiment, it is hard to generalize the results to large sets of require-
ments, which often is the case in industry projects (Berenbach et al. 2009; Leuser
2009). Using students as subjects is another large threat. Even though the subjects
were on their last year of studies, they can be considered as rather similar to an
ordinary employee. However, as mentioned by Kitchenham et al. (2002) students are
the next generation of software professionals and they are relatively close to the pop-
ulation of interest. Since they participated in the requirements engineering course,
they are familiar with the application domain. Finally, the diversity of experience
of subject from industry and from analyzing and reviewing requirements, although
hindering the conclusion validity, has a positive influence on the heterogeneity of the
population sample used in this experiment.

The time spent on the task is also among potential threats to external validity.
To analyze 30 requirements in 45 min subject should spend on average 90 s on
each requirement. It remains an open question whether or not this is enough time
for the subjects to perform both lexical and semantic analysis. However, this threat
was partly addressed by stating at the beginning of the experiment that the subjects
don’t have to analyze all 30 requirements in 45 min (the subjects had to record
how many requirements were analyzed and how they browsed the list of candidate
requirements).

5 Experiment Execution

The replication was run in two two-hour laboratory sessions in January 2008. The
first 15 min of each session were dedicated to the presentation of the problem.
During this presentation, the importance of the industrial applicability of the results
and the goal of the experiment were stressed. All students were given the same
presentation. The general overview and differences between the included methods
and tools were presented without favoring one method over the other. To avoid
biasing, no hypotheses were revealed and it was made very clear that it is not known
which approach will perform better. After the presentation of the problem, students
were given time to get familiar with the instructions of how to use the tools and report
that they are ready to start working on the task. The starting time was recorded in the
questionnaire as students required varying times to get familiar with the instructions.
After the 45 min time assigned for the task, subjects were asked to stop, record the
number of analyzed requirements, the time, and to fill in the post-questionnaire. The
remaining time was used for exchanging experiences and discussion the about tools
used. This approach is similar to the original experiment execution described by
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Natt och Dag et al. (2006). The difference from the original experiment is that
subjects used both methods in both experimental sessions. Half of the subject pairs in
each session (there were two sessions in total) were assigned to the assisted method
while the other half to the manual method. The subjects were to use only one method
during the experiment and participate in only one of the two sessions. The difference
from the original experiment here is that the methods were not separated in different
sessions. That is, in each session the pairs using the assisted and the manual methods
were mixed.

After the presentation, the subjects were assigned to the methods. Because
only one laboratory room could be used for each session and this room did not
have enough computers for all subjects (which was not known while planning the
experiment), the subjects were asked to work in pairs. Each pair was randomly
assigned to the method later used for the consolidation task. There were no name
tags or other indicators of the method on the laboratory desks when subjects took
their seats in the laboratory room. Therefore, subjects could not take a preferable
method seat or be attracted by the name on the desk. Subjects were asked to discuss
the solutions only within their own pair. Since the nearest group was not using
the same method, the possibility of comparing or discussing results was avoided.
The subjects were allowed to ask questions of the moderator, if they experiences
any problems. Only answers related to the difficulties of using tools were given
in a straightforward manner. No answers related to assessing similarity between
requirements were given. The material used in the experiments comprised:

– The ReqSimile application with automated support of similarity calculations and
a database containing: (1) 30 randomly selected requirements from the first set,
(2) all 160 requirements from the second set. These requirements should be
browsed through by the subjects.

– The Telelogic Doors application with the same two sets of requirements im-
ported into two separated modules. The application’s graphical user interface
was set as presented in Fig. 3 in order to make it as similar to the ReqSimile user
interface as possible.

– The documentation comprising: (1) An industrial scenario describing the actual
challenge (one page). (2) A general task description (one page). (3) Detailed
tasks with space for noting down start and end times (one page). (4) A short
FAQ with general questions and answers about the requirements (one page).
(5) A screen shot of the tool user interface with the description of the different
interface elements in the ReqSimile case (one page) or a eight pages instruction
with screen shots from the steps needed to analyze requirements and make links
using Telelogic Doors.

– The instruction to the students was as follows: (1) Review as many of the
requirements as possible from the list of 30 requirements shown in the tool. For
each reviewed requirement, decide if there are any requirements in the other
set that can be considered identical or very similar (or only a little different)
with respect to intention. (2) Assign links between requirements that you believe
are identical or very similar. (3) Note down the start and finish time. (4) When
finished, notify the moderator.

Given the experience from the original study, it was decided to dedicate 45 min to
the consolidation task. The subjects were notified about the time left for the task both
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15 and 5 min before the end of the lab session. After approximately 45 min, subjects
were asked to stop working on the task unless they, for any reason, spent less than
40 min on the task. All students were asked to fill in a the post-test questionnaire
described in Section 4.7. Apart from noting the finishing time and the number of
analyzed requirements, subjects were also asked to assess the usefulness of used
methods in terms of the given task and, if applicable, propose improvements. Right
after executing the experiment, it was known which data points had to be removed
due to tool problems or subjects’ attitude. Three groups had problems with the tools
used which resulted in loss of data and one group performed unacceptably analyzing
only three requirements during 45 min and making only two links. These four groups
were treated as outliers and removed from the analysis.

6 Experiment Results Analysis

In this section, methods of analyzing the results are described. In order to keep
the procedures as similar to the original experiment design as similar as possible,
the same statistical methods were used to test if any of the null hypotheses can be
rejected. Additional analysis was also performed in order to assess if working in pairs
influences the performance of subjects. Hypotheses were analyzed separately, while

Table 5 The results from measuring dependent variables

The rows highlighted gray indicate data points that were removed from the analysis (outliers)
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any relations and accumulated results are presented in Section 7. The standard t-test
has been used, as the data was confirmed to have a normal distribution. Just as in the
original experiment from which requirements were reused, in this experiment one
analyzed requirement can be linked to several others. The results from measuring
dependent variables can be found in Table 5. Subjects that used ReqSimile are
marked with the letter A (as an abbreviation of the assisted method), and subjects
that used Telelogic Doors with the letter M (as an abbreviation of the manual
method). The dependent variables are described in Section 4.1. Table 5 presents the
results from both experimental sessions (Tuesday and Friday sessions).

Rows M10, M11, A7 and A8 in Table 5 represent data points that were removed
from the analysis. The pair M10 was removed from the results due to the inconsis-
tency between the results stated in the post-task questionnaire and the results saved
in the tool. The pair M11 was removed due to loss of data. Similar problems caused
the authors to remove group A8 from the analysis since the links were not saved in
the tool. Finally, group A7 was removed due to their lack of their commitment to
the task.

The time spent on the task is presented in column 2 of Table 5. The results
for the number of finished requirements, derived from the post questionnaire and
confirmed with the results recorded in the tool used, are listed in column 3. Next,
other dependent variables values are presented in the remaining columns. The values
were calculated based on the results saved in the tools and from the answers to the
questionnaires questions.

The results for the number of analyzed requirements per minute are depicted as a
box plot in Fig. 4. It can be seen that there is no statistically significant difference in
the number of analyzed requirements between the manual and the assisted method.
The group that used the manual method analyzed on average 0.41 requirements
per minute while the group that used the assisted method analyzed on average 0.51
requirements per minute. In this case, we observe that the medians are most likely
equal, while the lower and upper quartiles values differ significantly. The t-test gave
a p-value of 0.20 which gives no basis to reject the null hypothesis H1

0 . The notches of

Fig. 4 The results for the
number of analyzed
requirements
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Fig. 5 The results for the
share of correctly assigned
links
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the box plot overlap. To summarize, the assisted method turned out not to be more
efficient in consolidating two requirements sets than the manual method (research
question Q1a).

The results for the number of correct links assigned by subjects are depicted in
Fig. 5. The group that used the assisted method correctly assigned on average 58% of
the links that the expert assigned, while the group that used the manual method cor-
rectly assigned on average 43% of the correct links. The medians differ significantly
from 61% for the assisted method to around 42% for the manual method. The t-test
gave in this case the p-value 0.013 which makes it possible to reject hypothesis H2

0 .
Thus, we can state a positive answer to research question Q1b, the assisted method
is superior to the manual method when consolidating two requirements sets when
measured by which method delivers more correct links (Fig. 6)

Fig. 6 The results for the
percentage of missed links
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Table 6 The results of the t-tests for original and replicated experiments

Hypotheses The p-values in the original The p-values in this replication
study (Natt och Dag et al. 2006)

H1
0 efficiency 0.0034 0.20

H2
0 correct links 0.0047 0.013

H3
0 missed links 0.0047 0.02

H4
0 incorrect links 0.39 0.14

H5
0 precision 0.39 0.62

H6
0 accuracy 0.15 0.72

To address hypothesis H3
0 , requirements analyzed by each pair of subjects were

reviewed, and the number of links that should have been assigned but were not, was
calculated. In the case when subjects did not analyze all requirements, only require-
ments that had been analyzed were taken into consideration. Each pair of subjects
stated in their post-test questionnaire how many requirements were analyzed and
how they had worked through the list of requirements. This information was used to
correctly count the number of missed links. The results are depicted in Fig. 5. The
group that used the assisted method missed on average 41% of the links, while the
group that used the manual method missed on average 57% of the links. The medians
in this case are 38% for the assisted method and 57% for the manual method. The
t-test gives a p-value of 0.0207 which means that we can reject H3

0 and confirm the
original experiment’s conclusions by making the conjecture that the assisted method
helps the subjects to miss significantly fewer requirements links than the manual
method (research question Q1c).

For the number of incorrectly assigned links (Nil) (related to research question
Q1), the t-test resulted in a p-value of 0.14, so the hypothesis H4

0 cannot be rejected.
Furthermore, for the hypothesis H5

0 (related to research question Q1) the t-test gave
the p-value 0.62 and for the hypothesis H6

0 (related to research question Q1) the t-test
resulted in the p-value 0.72. To summarize, research question Q1 can be answered as
“yes”, for some aspects. Our results confirm the results from the original experiment
for correctness and number of missed links but we can’t confirm the result for the
efficiency. As in the original experiment the hypotheses H4

0 , H5
0 , H6

0 could not be
rejected here. Compared to the original experiment, this experiment confirms no
statistical difference in the number of incorrect links, precision and accuracy between
the two analyzed treatments. The question regarding different results for H1

0 is
discussed in Section 7. The summary of the original and the replicated experiments
is depicted in Table 6.

7 Experiment Results Interpretation and Discussion

This section presents an interpretation of the results presented in Section 6. Since
this experiment was conducted on a set of students, it is important to emphasize here
that the results from this study are interpreted in the light of the population where
the experiment was held (Kitchenham et al. 2002). The section discusses the results
of this experiment in isolation as well as in relation to the results of the original
experiment.
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7.1 Interpretation of this Experiment

The results achieved in this replicated experiment allow for the rejection of two out of
six stated null hypotheses (see Table 6). As already mentioned, four data points were
removed from the analysis for various reasons, as described in Section 6. The results
achieved by group A7 show that the subjects were not motivated to do the task or
misunderstood the task (they analyze only 3 requirements in 29 min). It is surprising
since both subjects in this pair had one or more years of industrial experience (pairs
with similar experience (A3 and M4) performed significantly better on this task),
but no experience in reviewing requirements. It is an open question how they could
influence the results if properly motivated. Similarly, due to unexpected tool issues
(the results were not saved in the tool) we can only assume that the results achieved
by groups A8 and M11 could positively influence the results for both assisted and
manual method (group A8 achieved efficiency of 0.68 requirement per minute, group
M11 0.4 requirement per minute and group M10 0.35 requirements per minute).
Adding these three incomplete data points (A8, M10 and M11) to the analysis of
the performance will not change the result of the hypothesis H1

0 testing (although it
can minimize the p-value to 0.0890).

As for the H1
0 (performance) hypothesis (research question Q1a), the lack of a

statistically significant difference can be interpreted in the following way: we have
not found this property (namely lower efficiency of the manual method comparing to
the assisted method) on a different requirements management tool, namely Telelogic
DOORS. The lack of statistical significance can be explained by a rather large
variation in the assisted method (the minimum value for the performance is 0.29
requirement per minute while the maximum value is 0.89 requirement per minute).
Furthermore, albeit the medians are almost identical for both the assisted and the
manual method with respect to the performance, the range of the third quartile is
much larger in the assisted method. This fact can be interpreted in favor of practical
significance (Kitchenham et al. 2002) in the following way: if we assume that both
groups assigned to the methods are rather homogeneous, we can also assume that in
both groups there are similar numbers of more and less motivated subjects. In the
light of the fact that motivation has been reported to be an important determinant of
productivity and quality of work in many industries (Baddoo et al. 2006), the practical
significance of the results is that the assisted method gives the possibility to achieve
higher values of the performance than the manual method. As more motivated
subjects usually achieve better results with a given task, we can assume that the
top scores for both methods correspond to the most motivated pairs of subjects.
The evidence reported by Baddoo et al. (2006), albeit studied on developers rather
than requirements engineers, confirms that the traditional motivators of software
developers, e.g. intrinsic factors, but also opportunity for achievement, technically
challenging work and recognition have a strong influence on the developer’s perfor-
mance. Thus, when comparing the top score of both methods, we could conclude that
the assisted method may boost the performance of the motivated subjects more than
less motivated subjects.

The analysis of the results for efficiency versus the experience of the subjects
revealed that the subjects with experience reviewing requirements (pairs A1, A3 and
A11) were not the fastest (the values were lower or around the median value). We
can postulate here that the industrial experience led these pairs to be more cautious
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Table 7 The analysis of the industrial experience of the subjects in relation to their results

All data Assisted method Manual method

Exp. Unexp. Exp. Unexp. Exp. Unexp.

Efficiency H1
0 [N/T] 0.44 0.48 0.51 0.52 0.40 0.42

Correct H2
0 [%] 44 55 53 61 39 47

Missed H3
0 [%] 55 44 46 38 60 52

Incorrect H4
0 [%] 39 54 40 66 38 33

Precision H5
0 [%] 45 43 50 41 42 46

Accuracy H6
0 [%] 46 43 49 40 44 48

The cells colored gray indicate cases where industrial experience had positive effect on the analyzed
aspect

when analyzing requirements. On the other hand, the top score in this group (A9)
was achieved by a pair of subjects that reported no industrial experience and no
experience from the course from which the requirements originated. Surprisingly,
the two lowest values of performance were achieved by the pairs having either one
year of industrial experience, including experience with reviewing requirements (pair
A3), or experience from the course from which the requirements originated (pair
A4). In the light of these facts, we can not draw any strong conclusions about the
effect of both industrial experience and experience with reviewing requirements
on the performance of subjects. However, our results show indications of negative
impact of experience on the performance of the subjects. The full analysis of results
of experienced versus inexperienced subjects is presented later in this section and in
Tables 7 and 8.

The results concerning the number of correct links (research question Q1b) can be
interpreted as follows. The group that used the assisted method assigned on average
58% of the correct links, while the group that used the manual method assigned on
average 43% of the correct links. The results of the t-test allows us to reject H2

0 . This
fact may be interpreted in the following way in favor of the assisted method: even if
the assisted method is put next to a rather sophisticated requirements management
tool, it can still provide better support for assessing more correct links between
requirements. The fact that both in the original and the replicated studies the assisted
method provided a better support in linking similar requirements may lead to the

Table 8 The analysis of the experience from the course where requirements originate from

All data Assisted method Manual method

E E and U U E E and U U E E and U U

Efficiency H1
0 [N/T] 0.45 0.39 0.57 0.53 0.38 0.69 0.37 0.40 0.46

Correct H2
0 [%] 56 51 46 68 53 58 46 48 34

Missed H3
0 [%] 50 57 34 56 59 31 44 55 37

Incorrect H4
0 [%] 58 54 30 85 58 56 31 50 27

Precision H5
0 [%] 42 39 50 40 37 56 45 42 44

Accuracy H6
0 [%] 43 41 49 39 39 53 47 45 46

E denoted that both pair members are experienced, E and U denoted one experienced and
inexperienced person working together and U denoted that both pair members were inexperienced
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following two interpretations: (1) the method is better in this matter, and (2) working
in pairs has a minimum or equal impact on the two methods when it comes to the
number of correctly linked requirements.

The results for the number of missed requirements links (research question Q1c)
confirm the results of the original experiment. The t-test confirms that the assisted
method can help to miss fewer requirements links than the manual method. Missing
fewer links may be important when large sets of requirements have to be analyzed,
which is a reasonable practical interpretation of this result. This result also confirms
the interpretation that in the case of the assisted method, showing a list of similar
requirements candidates limits the solution space for the analyst which results in a
smaller number of missed requirements links.

Similarly to the original experiment, the results from the experiment can also not
reject hypotheses H4

0 , H5
0 and H6

0 (research question Q1). The lack of statistically
significant differences in these cases may be interpreted as the possible existence of
additional factors that affect the consolidation of requirements process which were
not controlled in the experiment. For example, since it is much easier to make a link
in ReqSimile than in Telelogic DOORS this may affect the number of incorrect links,
precision and accuracy. This threat to construct validity is described in Section 4.9
and is considered as one of the topics for further work.

The fact that subjects worked in pairs may also influence the results. Even though
working in pairs has generally been considered having a positive impact on the
task, for example in pair programming (Begel and Nachiappan 2008), the results
among researchers are inconsistent (Hulkko and Abrahamsson 2005; Parrish et al.
2004). Therefore, assessing the impact of working in pairs in more decision-oriented
software engineering tasks is even more difficult. Thus, it can be assumed that
working in pairs may sometimes influence the performance of these types of tasks
positively, and sometimes negatively. In this case, we assume that subjects were
similarly affected by this phenomenon both in the assisted and in the manual method.

The influence on the results of fluency in reading and reviewing requirements in
the English language can be interpreted in the following way. Since subjects reported
either “very good knowledge” or “’fluent knowledge’ in reading and writing English
our interpretation of this fact is that this aspect equally influenced all subjects.
Moreover, the subjects were allowed to ask questions for clarification, including
understanding the requirements during the experiment. However, it remains an open
question what can be the results of the experiment when performed on native English
language speaking subjects.

The analysis of the influence of the industrial experience of the subjects of the
results achieved is depicted in Table 7. The data has been analyzed for all pairs of
subjects, as well as for subjects using the same method. Four out of the total 11 pairs
of subjects using the assisted method reported having some industrial experience. For
the manual method, 5 out of 9 pairs of subjects included in the data analysis reported
having some industrial experience. Subjects were paired in a way that minimizes the
difference in the experience of pair members. Moreover, only in two cases (pairs M5
and M6) were pairs formed of one experienced and one inexperienced subject (see
Section 4.2 for more detail about the subjects).

The analysis of the relationship of industrial experience to the results is based on
the arithmetic average values of the results achieved. Table 7 shows that in most cases
industrial experience negatively influenced the results (and tested hypotheses). The
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cells colored gray in Table 7 indicate cases where industrial experience has a positive
effect on the analyzed aspect. For all hypotheses for subjects using the manual
method, the industrial experience had a negative impact on the results achieved.
In the case of the assisted method, the experienced subjects made fewer incorrect
links and had better precision and accuracy. The results from comparing all subjects
show the same pattern as the results for the assisted method. While the results are
implausible, they may be an indicator that general software engineering industrial
experience may not be useful in the task of analyzing requirements, at least when the
experience is minimal to small. Thus, we state a hypothesis that experience in review-
ing requirements and the domain knowledge should significantly help in achieving
better results by our subject. Keeping in mind the scarceness of the data, we provide
some examples that we used to support the hypothesis in the text that follows.

Six pairs of subjects reported having experience analyzing and reviewing require-
ments outside of the courses taken in their education. In one case (M8), a person
with more than one year of industrial experience was paired with a person with
no experience. Although it may be expected that an experienced pair member can
significantly influence the results of this pair, the efficiency of this pair was only 0.02
higher than the median value of the efficiency for the subjects using the manual
method. The number of correct links is 10% lower, the number of incorrect links
is 10% higher while precision and accuracy are very close to the average values for
the entire group using the manual method. In the case of pair M7, a person with
experience only from courses was paired with a person with less than a year of
industrial experience in analyzing and reviewing requirements. The results achieved
by this pair are higher than the average in terms of efficiency (7% higher), close to
the average for the share of correct links, and below the average for the remaining
attributes (30% more incorrect links than the average, 16% lower than the average
for the precision and 12% lower than the average for the accuracy). The remaining
3 pairs of subjects (A1 and M5) were composed of a person with only academic
experience with a person with less than a year of industrial experience. Pair M5
analyzed 0.4 requirement per minute which is close to the average value (0.41),
achieved 40% of correct links (the average value is 43% for this group) and 44%
of incorrect links. The precision achieved by pair M5 is 50% which is 4% higher than
the average. When it comes to the accuracy, pair M5 achieved 46% accuracy (the
average value was 46%). The results for efficiency for pairs (A1, A3 and A11) were
below or about the average values, and these data points could have been partly
responsible for the fact that hypothesis H1

0 could not be rejected. The results for
these pairs for the number of correct links and the share of missed links were also
below the average and the median values. The results for the number of incorrect
links were around the mean value and above the median value. Finally, the results
for the precision and accuracy were below the median values. To summarize, the
influence of experience in analyzing and reviewing requirements can’t be clearly
defined and statistically confirmed, as subjects report both results above and below
the average values.

As the last step of the analysis, we investigate whether prior experience in the
course that originated the requirements in some manner influences the results
achieved by the subjects. We can assume that this experience can somehow be
compared to specific domain knowledge. In the course model, all team members are
actively involved in analyzing and reviewing requirements. Thus, we only distinguish
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between subjects that took and did not take the course. For six pairs of subjects,
both subjects have experience from the course, for seven other pairs only one pair
member had experience from the course. Finally for six pairs, both subjects reported
no experience from the course. The pairs where both members had experience
and where both members had no experience were equally distributed between the
methods (three pairs for each method). The assisted method had four pairs with
experience and lack of experience. The analysis is depicted in Table 8. Pairs where
both pair members had experience from the course are abbreviated with the letter
“E”, where only one pair member had experience are abbreviated with “E and U”
and where none of the two pair members had any experienced from the course is
abbreviated with the letter “U”.

Analyzing the differences between the average results for all three sub-groups
for both methods we can see that the expected behavior can only be confirmed
for the number of correct links. Pairs with experience in the course achieved better
correctness than inexperienced pairs, independent of whether one or both members
had the experience. Another interesting observation here is that inexperienced
subjects missed on average only 34% of requirements links, while experienced
subjects respectively missed 50% (both pair members experienced) and 57% (when
one of the pair members had some experience). The lowest average precision and
accuracy levels were recorded for pairs where one pair member had experience from
the course from which the requirements were taken. The analysis of the pairs working
with the same method confirms the analysis of all data points. For the manual
method experienced pairs turned out to be more correct than the inexperienced
pairs. For the assisted method, pairs where both members where experienced were
more correct, but pairs where only one member had experience where not as correct
as the inexperienced pairs. Finally, the pairs where only one person was experienced
performed worse in all aspects for both methods analyzed than the pairs where both
persons were experienced.

7.2 Interpretation of the Results from both Experiments

In this section, we provide the analysis and discussion of the results achieved in both
the original and the replicated experiments. We have used standard t-tests to test if
there are any significant differences between the two experiments. From the results
of the t-tests between the same methods depicted in Table 9, we can see no significant
difference for any of the cases (research question Q2). However, some interesting

Table 9 The results of the t-tests for the original and the replicated experiments for the same
methods

Hypotheses Assisted old/new (p-value) Manual old/new (p-value)
(research question Q2a) (research question Q2b)

H1
0 Efficiency 0.48 0.27

H2
0 Correct links 0.93 0.30

H3
0 Missed links 0.37 0.20

H4
0 Incorrect links 0.21 0.73

H5
0 Precision 0.81 0.45

H6
0 Accuracy 0.90 0.41
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Fig. 7 The result of comparing
the efficiency of the assisted
method in two experiment
sessions
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differences between the two experiments for the efficiency of the subjects using the
assisted method can be seen from the box-plot visualization in Fig. 7. As can be
seen in Fig. 7, the results for the efficiency of the assisted method in this experiment
have a much larger range of values, which may be the reason why the hypothesis H1

0
could not be rejected (research question Q2a). As described in Section 7.1 the two
lowest values of performance were achieved by the pairs having either one year of
industrial experience, including experience from reviewing requirements (pair A3),
or experience from the course from which the requirements originate (pair A4).

However, one of the possible explanations for the difference between the per-
formance in this experiment and in the original experiment differs may be that more
advanced searching and filtering functionalities have been used in the current manual

Fig. 8 The results of the
efficiency achieved by the
manual method in the original
and the replicated experiments

0.2

0.3

0.4

0.5

0.6

0.7

The original experiment

N
um

be
r 

of
 r

eq
ui

re
m

en
ts

 a
na

ly
ze

d 
pe

r 
m

in
ut

e

The efficiency of the manual methods in the 
original and the replicated experiment

This replication



Fo
r A

ut
ho

r's
 A

pp
ro

va
l

Empir Software Eng

method. Contrary to the original experiment, the manual method in this experiment
uses advanced searching and filtering functionalities which may (to some extent)
be comparable to the lexical similarity analysis because they also present only a
subset of analyzed requirements to the analyst. The analyst using the filtering and
searching functionality has to provide a meaningful search string to filter out similar
requirements, while in the lexical similarity case the analysis is done automatically.
Our interpretation is supported by Fig. 8 which depicts the results of the performance
for the manual method between the original and the replicated experiments. The
median value for this replication study is 0.41 and is 0.05 higher than in the original
experiment (0.36). However, the second quartile has more diverse values than in the
original experiment. Moreover, we can assume that the filtering method has a higher
degree of uncertainty which is shown by the results for the accuracy.

7.3 Discussion

In this section, we discuss alternative designs for this experiment as well as the
differences between the two experiment sessions (the replication has been run in two
sessions). Using alternative design could be beneficial for the comparative analysis
of the original and the replicated experiment (RQ2). For example the paired t-test
could have been used to support comparison between this replication study and
the original study (Kachigan 1991). However, the it remains an open question if
paired units are similar with respect to “noise factors” for both the assisted and
the manual methods used. It could also have been beneficial to the validity if the
subjects answered the pre-questionnaire before running the study and were then
assigned to treatments based on the result of this questionnaire. The manual analysis
of the two experiment sessions did not reveal any significant differences between the
Tuesday and the Friday sessions. However, to fully address this threat to validity,
additional statistical tests should be used. Finally, changing the design of the study to
use random samples of 30 and 160 requirements for each subject, generated from a
much large dataset of requirements is one of the options for further work.

During this experiment six hypotheses were tested using the same data set, and
more tests were performed comparing the data from the original and replicated
experiments. The result of performing multiple comparisons on the same data is
increased probability of Type I error, which in case of only one comparison is equal
to the obtained p-value (Arcuri and Briand 2011). Thus, the Bonferroni correction
should be discussed here. In this case, we performed 18 tests, 6 tests comparing the
assisted and manual method (to answer the research question Q1), 6 tests comparing
the old/new experiments with regard the assisted method (to answer the research
question Q2a) and 6 tests comparing the old/new experiments with regard to the
manual method (to answer the research question Q2b). This yields a significance
level of 0.05/18 = 0.0027 according to Bonferroni. In this case it is no longer possible
to reject hypotheses H2

0 and H3
0 . The correction has no impact on the results of the

tests between the original and the replicated experiments. However, the correction
has not been used in the original experiment and has been criticized by a number
of authors (Arcuri and Briand 2011; Perneger 1998; Nakagawa 2004) where some of
them do not recommend using the Bonferroni adjustment (Arcuri and Briand 2011).
In the light of this criticism, it is an open question for this work as to whether or
not this correction should be used. Therefore, we report the obtained p-values for all
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performed tests in case the readers want to evaluate the results using the Bonferroni
correction or other adjustment techniques (Arcuri and Briand 2011).

The relationship between the efficiency and the practical experience of the
subjects may have been investigated using multivariate analysis. For example, un-
derstanding if the efficiency of the subjects was related to their accuracy could have
been investigated by recording the efficiency of linking requirements at random as
a reference point. Since this has not been done, we consider this analysis as possible
future work and thus outside the scope of this article.

8 Conclusions

Large market-driven software companies face new challenges that emerge due to
their extensive growth. Among those challenges, a need for efficient methods to
analyze large numbers of requirements, issued by various customers and other stake-
holders, has emerged (Regnell and Brinkkemper 2005). The result is an increasing
effort dedicated to analyzing incoming requirements against those requirements
already analyzed or implemented. This task is also called requirements consolidation.
The core of the requirements consolidation process is finding the similarities between
requirements and recording them by making links between them (Natt och Dag et al.
2006).

In this paper, we present a replicated experiment that aims to assess whether a lin-
guistic method supports the requirements consolidation task better than a searching
and filtering method. In this experiment, two methods implemented in two different
tools were compared for the requirements consolidation task. The assisted method,
which utilizes natural language processing algorithms to provide a similarity list for
each analyzed requirements, was compared with the manual method, which utilizes
searching and filtering algorithms to find similar requirements. After deciding which
requirements were similar, the subjects assigned links between the requirements. The
conclusions of this paper are as follows:

– Subjects using the assisted method were statistically not more efficient in con-
solidating requirements than the subjects using the manual method (research
question Q1a), which is a different result compared to the original study

– The assisted method was confirmed as significantly more correct in consolidating
requirements than the manual method (the manual method was changed from
the original experiment) (research question Q1b), which is inline with the
original study.

– The assisted method helps to miss fewer requirements links than the manual
method (research question Q1c), which is the same result as in the original study.

– The hypotheses that could not be rejected in the original study (in terms of the
number of incorrect links, precision and accuracy related to research question
Q1) could also not be rejected in this experiment. Further investigation is
required to understand the reasons for these results.

– The analysis of the results achieved for the same method (assisted or manual)
between the original and the replicated study shows no significant difference
in any of the cases. However, some differences in favor of the searching and
filtering method have been observed between the results of the performance of
the subjects using the manual methods.
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To summarize, for two of our hypotheses the results reported in this replication
study confirm the results achieved in the original experiment. The first confirmed
hypothesis (H2

0) is that the assisted method helps to make more correct links
than the manual method. The second confirmed hypothesis (H3

0) indicates that the
assisted method helps to miss fewer requirements links than the manual method.
The statistical significance in performance of the assisted method achieved over
the manual method (hypothesis H1

0) is not confirmed in this study. The remaining
three hypotheses regarding the number of incorrect links (hypothesis H4

0), precision
(hypothesis H5

0) and accuracy (hypothesis H6
0) could not be rejected, which is the

same situation as reported in the original experiment (Natt och Dag et al. 2006). In
order to investigate the possible reasons for the difference in the remaining case, this
paper provides a cross-case analysis of the same methods across the two experiment
sessions as well as detailed analysis of the relations between the experience of the
subjects and their results.

The analysis revealed that the pairs of subjects with experience in the course that
originated the requirements achieved better correctness than inexperienced pairs,
independent of whether one of both members had the experience. At the same time,
the pairs of subjects without any experience missed on average fewer requirements
links than the experienced pairs of subjects. Furthermore, the pairs where only one
person had experience performed worse in all aspects than the pairs where both
persons were experienced. The analysis revealed no statistical difference for any of
the cases (which refers to the research question RQ2). However, the analysis of the
efficiency of the subjects using the assisted method in the two experiments, depicted
in Fig. 7, revealed that the values for the efficiency achieved in this replication have
a much higher range. The results for the efficiency of the manual methods in the
two experiments, depicted in Fig. 8, shows similar range of values, but different
medians. It should be noted that there are validity threats to the study as described
in Section 4.9, e. g. experience of the subjects and their incentives, the number
of subjects participating, requirements used in the experiment, and the multiple
comparison threats.

Performing a third experiment with experienced practitioners and requirements
sets from industry is left for future work. Moreover, it would be interesting to further
investigate the influence of working in pairs on the requirements consolidation task
as well as to analyze the influence of the construction of the user interfaces on the
efficiency of correctness of the subjects.
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