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Abstract—Context-aware computing covers research
on computational systems which adapt their behaviour
so as to provide services or information to users ac-
cording to their context of interaction. The literature
has reported the complexity of development of such
systems in the light of their features such as adaptation
and heterogeneity of devices and information. This
paper describes the execution of a systematic mapping
on the requirements specification activity of context-
aware systems, which is one of the early stages of
software development. The main result includes the
identification of gaps and/or research trends on requi-
rements specification of context-aware systems.

Index Terms—Requirements Specification, Context
Aware, Systematic Mapping.

I. Introduction

CONTEXT-aware computing is a knowledge area in
which we study using information gathered from the

user interaction context or from the environment he is
in. The goal is to personalize and adapt computational
services provided to the user through the modification of
the behavior of those services during their execution [1] [2].

The literature has reported the complexity of the deve-
lopment of context-aware systems, which is due to their
characteristics such as adaptation, device and information
heterogeneity [3], among others.

Hence, there are growing efforts in the Software En-
gineering area to propose methods and processes that
support the complexity of context-aware systems. The
Requirements Engineering area, specially, has reported
several difficulties in this field [4] [5] [6] [7].

Traditional methods of Requirements Engineering focus
on the resolution of the inherent ambiguity of requirements
and defend the specification of those requirements with a
level of detail that is enough for the verification of the
conformity of the implementation to this specification.

Context-aware systems are able to adapt their behavi-
our in an autonomous and dynamic way in response to
changes in external conditions. One difficulty associated
to requirements engineering of this type of system is
that the traditional methods are not enough to deal with
requirements whose changes cannot be foreseen in project
time. The main challenge is to keep them updated as a
reflection of the changes in the context-aware systems.

The main goal of this paper is to create an analysis
on requirements specification for context-aware systems in
order to extract information on this field, which are the
main tools and modelling techniques used, the way the
specification document is usually described and which are
the most used techniques to specify context requirements,
so that we can understand which topics are well defined
and the gaps in the research.

In order to reach the desired goal, we used the syste-
matic mapping method, which consists on a study on a
series of papers found in research bases based on a search
string. The study followed the protocol that guides the
whose systematic mapping [8] [9].

At the end of this paper, we present and analyze the
quantitative data found on research questions that are
related to requirements specification in context-aware sys-
tems. Hence, the result of this work can be used as a
starting point to future works in the field.

This paper is organized as follows. Section II discusses
the methodology used to execute this work. detailing
what is a systematic mapping, how it works and the
protocol used. Section III presents the results found during
the systematic mapping. Finally, Section IV presents the
conclusions based on the results found and their analysis.

II. Methodology

IN this section we present in details the methodology
used to perform this research.

A. Systematic mapping

A systematic mapping, as well as all other review stu-
dies, is a form of research that uses as data sources the
literature on a specific topic [9]. It is a way to identify,
evaluate and interpret all the research found and defined
as relevant to a specific research question, theme area or
phenomenon of interest [8]. It is a bibliographic review
method, in which the data extraction focuses on classifica-
tion and categorization of the results, without a qualitative
analysis of the primary studies [8] [9].

The main characteristics that differentiate between
a systematic mapping and a conventional bibliographic
study are the following:
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• Systematic mapping begins with the definition of a
protocol, which specifies the research question and the
methods used during the mapping;

• Systematic mapping is based on a search strategy that
intends to detect the maximum amount of informa-
tion on a specific topic;

• Systematic mapping documents the search strategy,
so that readers can evaluate the rigor, completeness
and repeatability of the process;

• Systematic mapping requires the definition of criteria
that can justify the exclusion of papers considered to
be outside the mapping scope.

Hence, a systematic mapping is very useful, because
it allows to summarize the existing evidences which are
relevant to several situations, such as fata gathering on
the state of the art of the requirements specification for
context-aware systems.

A systematic mapping also allows us to identify eventual
gaps in the knowledge about the research topic, suggesting
new investigation areas and offering a direction and posi-
tioning properly new research activities in a research area.

B. Systematic mapping protocol

The protocol followed during this systematic mapping
is made of five phases, which are: planning, execution,
selection, extraction and conclusion.

1) Planning: In this phase we define the protocol to be
followed in the next phases of this mapping. The definition
of the protocol takes into account the definition of the
research questions, the selection of research sources and
the study selection.

The definition of the research questions was made taking
into account the focus of this study: “identify the state of
the art of the requirements specification activity for the
construction of context-aware systems”. Hence, we defined
the research questions relevant to the research, which are:

• Which are the main artifacts generated during requi-
rements specification for context-aware systems?

• Are there requirements specification models for
context-aware systems?

• What are the main challenges for the creation of
artifacts for requirements specification for context-
aware systems?

• Which are the open questions in requirements speci-
fication for context-aware systems?

• Which are the main tools or standards used to
support requirements specification for context-aware
systems?

In order to perform a systematic mapping, we need
reliable research sources. Hence, we defined criteria for
the selection of the research sources, as suggested by
Kitchenham et al. [9]:

• Offer search mechanisms through strings with support
to logic expressions;

• Offer the same results whenever the same string is
inserted;

• Offer a web-based search mechanism;
• Include papers on Computer Science, Information

Systems or Software Engineering; and
• Allow selection by publication year.

Based on the criteria defined above, we selected seven
research sources that satisfied all the criteria. The selected
sources are the following:

• ACM Digital Library
• Biblioteca Digital Brasileira de Teses e Dissertações

(BDTD)
• Engineering Village
• IEEEXplorer
• Scopus
• Springer
• Web of Science

Still in the planning phase, we defined that we would
only consider studies published either in English or in
Portuguese, from the year 2005 until 2014.

After defining the research question, the selected sources
and the selection criteria, the next step was to define the
search strings to be submitted to all the selected research
sources; the search strings would be also applied to the tile
and abstract of each paper under consideration.

Following the recommendation of Kitchenham et al. [9],
the definition of the strings must be preceded by tests
with different options. The goal is to analyze the search
results found and verify the precision of the results from
each of the used strings. This work was performed by
three researchers, for greater refinement of the strings,
until the results approached the goal proposed for this
research. Hence we defined two search strings:

String for English-written papers: (“requirements
specification” AND “context-aware” AND software)

String for Portuguese-written papers: (“especificação de
requisitos” AND (“senśıvel a contexto” OR “senśıvel ao
contexto”) AND software)

We also defined the criteria for exclusion of a study,
which are:

• papers not written in the languages defined in this
protocol;

• papers whose full text is not available freely at the
web or at the CAPES Journals Portal;

• papers with no relation to the Requirements Engine-
ering field;

• papers that do not deal with requirement specifica-
tion;

• papers not related to context-aware applications.

We also defined that we would considered that we
would also accept thesis, dissertations, book chapters
with abstracts, journal and conference papers which
satisfied the inclusion criteria and did not meet the
exclusion criteria defined in this protocol.

42
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2) Execution: This phase consisted of submitting the
search strings to the research sources that were already
defined and prepare all the received information.

We defined that the results returned by the search tools
would be stored into an electronic spreadsheet, using the
software LibreOffice Calc. In order to store the data, we
needed to export the results from the search tool and for
this task we used the mechanism that is already available
in most tools, which generates a file in the CSV format.

In those tools where this exportation mechanism was
not available, we used the external plug-in Zotero to
properly perform this conversion.

3) Selection: This phase consisted in selecting the stu-
dies based on the title and abstract of each paper, taking
into consideration the inclusion and exclusion criteria
already presented in this paper.

A new column was created in the table and after reading
each paper, it was marked with the adequate status (I -
included; E - excluded).

For each paper marked with the Excluded status, we
attributed one of the exclusion criteria, as follows:

1) It does not answer the question on requirements
specification;

2) It is not about a context-aware application;
3) Neither about requirements specification nor

context-aware application (combination of 1 and 2);
4) Duplicated paper;
5) It is not a paper, thesis or dissertation; and
6) Document not available.

The process of paper inclusion and exclusion was
performed by three persons: the student, the advisor and
the co-advisor. The authors know that this process should
include more persons to decrease the distortion in the
criteria and undue exclusions of papers that are relevant
to this research.

4) Extraction: In this step we fully read each included
paper. hence, we were able to clear any doubts and get
a less biased decision about its maintenance or exclusion
from the selected set, considering the established criteria.

In this step we also extracted the data relevant from
each paper in order to try to answer the five research
questions defined in the planning phase of this protocol.

5) Conclusion: In this phase we were able to create
reports and graphs based on the results found by the
search tools and create a few conclusions.

III. Analysis of the Results

IN the section we will present and analyze the results
found in each step of the systematic mapping.

As a result of the execution step, in which we executed
the different search engines with the strings selected, a
total of 462 papers was found, as seen in Tables I and II.

Table I: Papers found during the Execution phase classi-
fied by Search Engine.

Search engine Papers Found
ACM DL 101

Engineering Village 4
IEEExplorer 100

Science Direct 34
Scopus 79

Springer 144
Web of Science 0

BDTD 0
Total 462

Table II: Papers found during the Execution phase classi-
fied by publication year.

Year Papers Found
2005 25
2006 38
2007 36
2008 48
2009 48
2010 65
2011 67
2012 52
2013 64
2014 19

In the Selection phase, papers were marked with the sta-
tus of Included or Excluded and for each paper marked as
excluded, an exclusion criterion was attributed. Table III
shows the occurrences of each exclusion criterion during
the Selection phase.

Table III: Paper exclusion criteria and their respective
occurrences during the Selection phase

Exclusion criterion Excluded papers
1 109
2 50
3 134
4 88
5 15
6 17

Total excluded 413

Analyzing Table III, it is possible to realize that most
papers were excluded based on criteria 1 to 4, which
suggests a problem in the search string. Exclusion due to
criteria 1 and 3 (70%) happened because papers mention
either “requirements specification” or “context-aware”, but
not both of them in the abstract. There was also a high
number of exclusions due to criterion 4(21%) due to paper
repetition (same title, authors and publication year) in the
returned set from different search engines.
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At the end of the Selection phase, there remained 49
papers which are presented in the Tables IV and V:
Table IV presents them grouped by search engine, while
Table V groups them by publication year.

Table IV: Papers remaining after the Selection phase,
classified by search engine.

Search Engines Remaining papers
ACM DL 10

Engineering Village 0
IEEExplorer 17

Science Direct 3
Scopus 9

Springer 10
Web of Science 0

BDTD 0
Total 49

Table V: Papers remaining after the Selection phase,
classified by publication year.

Year Remaining papers
2005 3
2006 5
2007 4
2008 6
2009 4
2010 9
2011 8
2012 4
2013 5
2014 1

After reading the remaining 49 papers, it was possible to
determine whether a paper whether a paper was relevant
to the research.

It was defined that a paper would be considered irrele-
vant to this research if it did not propose a specification
support document or tool, or if it did not use any tool
to support specification, international standards or even
provided details on how the requirements were specified.

After the elimination of the non relevant papers, 17 out
of the initial 49 were discarded. Hence, we had 32 papers
with information relevant to our research. Based on these
papers, it is possible to extract some useful information.

Table VI presents the remaining papers after the Extrac-
tion phase classified by search engine, meanwhile Table VII
presents the same papers grouped by publication year.

Figures 1 to 4 present the data shown in Tables VI and
VII in order to make it easier to understand the results
and to better structure them.

Figure 1 present the result of the remaining papers at
the end of the Execution, Selection and Extraction phases
grouped by search engine. Figure 2 presents the same
results grouped by publication year.

Table VI: Papers remaining after extraction phase classi-
fied by search engine.

Search engine Remaining papers
ACM DL 8

Engineering Village 0
IEEExplorer 12

Science Direct 1
Scopus 6

Springer 5
Web of Science 0

BDTD 0
Total 32

Table VII: Papers remaining after extraction phase classi-
fied by publication year.

Year Remaining papers
2005 3
2006 5
2007 4
2008 6
2009 4
2010 9
2011 8
2012 4
2013 5
2014 1

Figure 1: Papers remaining after the three phases, classi-
fied by search engine.

According to Figure 3, observe that more than 60% of
the relevant papers come from the IEEE and ACM digital
libraries, a fact that suggests that conferences and/or
journals with those brands attract more researchers on
Requirements Engineering for context-aware systems.

We can also observe that there was a increase in the
number of papers along the last two five-year periods: 44%
(14 papers) published between 2005 and 2009 and 56% (18
papers) published between 2010 and 2014. Since this result
occurred in the middle of 2014, it did not include all papers
published that year. Hence, this growth in numbers may
suggest that Requirements Engineering for context-aware
systems is still an interesting research theme (Figure 4).
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Figure 2: Papers remaining after the three phases, classi-
fied by publication year.

Figure 3: Relevant papers classified by digital library.

Figure 4: Relevant papers classified by publication year.

According to Figure 5, only 13% of the papers present
a proposal for a requirements specification artifact model
and 13% of the papers do not present an artifact, but use
an international standard to specify requirements. These
data may suggest that these researches do not propose
artifacts and/or innovative standards to specify require-
ments, using only those already known in Requirements
Engineering.

The international standards used by the authors of the
selected papers include the following:

• ISO/IEC 9126-1: standard for software product qua-
lity, it establishes quality models for process, external
product and quality of use [10]. It was replaced in
2007 by ISO/IEC 25000 [11];

• ISO/IEC 25020: it provides reference models and a
guideline to measure and evaluate the quality requi-
rements for a software [12];

• ISO/IEC 25030: it provides requirements and recom-
mendations for the specification of software quality
requirements [13];

• IEEE 830: it describes recommendations for the speci-
fication of software requirements [14]. It was replaced
by IEEE Std 29148 [15];

• ISO 10303 - 233: it defines requirements, scope and
information for several development stages during the
project of a system [16].

Figure 5: Number of papers that present a new proposal
for a requirements specification document.

On the subject of requirements specification and model-
ling (Figure 6), 47% of the papers use natural language.
Formal description corresponds to 30%, and, in a small
scale (19%), papers use formal descriptions with ontolo-
gies. The smallest part (4%) use UML language to describe
requirements.

This suggests that the easiest way to specify require-
ments in natural language, but with the need to specify
requirements unambiguously in execution time, formal
descriptions are much used, since both forms of formal
description (with a formal language and an ontology), sum
up to be the majority (49%).

Figure 6: How the papers specify and model requirements.
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Figure 7: Requirements specification tool support.

Figure 8: Papers that make use of a tool for requirements
specification.

Figure 7 shows that most of the relevant papers (62%)
introduces a proposal to support requirements specifica-
tion for context-aware systems (a tool, a framework, a
language, etc), suggesting that the development of new
support tools is still an area that requires research.

When analyzing the proposals presented by the authors
for specification support tools, we can see that 50% of the
papers concern themselves specifically with requirements
modelling and 16% of them focus on the definition of non
functional requirements. Besides, 33% focus their research
efforts on how to allow requirements to be included and
updated in execution time for context-aware systems.
Hence, we conclude that nowadays the main efforts in the
area are to model requirements in the most efficient way
and to specify and update the requirements in execution
time, which are some of the main challenges of this area.

Figure 8 shows that most of the relevant papers (62%)
does not use any support tool for requirements specifica-
tion for context-aware systems, which is the exact inverse
number of the papers that proposes tool. This may suggest
that in general that papers that do not propose a new tool
use an existing one for their goal.

From the 32 relevant papers, it was possible to find out
that approximately 30% (i.e. 9) come from Italian research
groups. One particular research from the University of
L’Aquila, in Italy, called Paola Inverardi is very relevant,
with 3 of those 9 publications found.

North american researchers have 4 relevant publicati-
ons on the area, with no dominance of any single re-

search group. On the other hand, out of the 5 papers
that involve British researchers, two include Italian co-
authorship. There are also 3 publications on the topic from
Brazilian researchers, one of them also in collaboration
with Italian researchers. Table VIII summarizes the results
found in this section.

Table VIII: Summary of the research results.

Information Data found
Papers found during exe-
cution phase

462 papers

Papers remaining after Se-
lection phase

49 papers

Papers remaining
after Extraction phase
(considered relevant)

32 papers

Most relevant search engi-
nes

IEEExplorer (38%) fol-
lowed by ACM DL (25%)

Highlighted researcher Paola Inverardi, Univer-
sity of L’Aquila, Itália

Evolution of the topic
along the years

Out of the relevant pa-
pers, 44% were published
between 2005 and 2009
and 56% between 2010
and 2014

According to the require-
ments specification

Natural language (47%),
formal description (30%),
ontologies (19%) and
UML language (4%)

Papers that propose a mo-
del of an artifact for requi-
rements specification

13% of the relevant ones

Papers that use internati-
onal standards for require-
ments specification

13% of the relevant ones

Papers that propose tools
to support requirements
specification

62% of the relevant ones

Out of the papers that
propose tools to support
requirements specification

Requirements modelling
(50%); capture, inclusion
and update of the re-
quirements in execution
time (34%); focus on
non functional require-
ments (16%)

Open questions Execution time require-
ments for context-aware
systems

IV. Conclusions and future work

THIS paper describes an analysis on the state of the
art of the requirements specification for context-

aware systems, summarized in the research questions des-
cribed next and whose answers can be seen in Table VIII:
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REFERÊNCIAS

• Are there models for specification documents?
• How are requirements specified?
• Are international standards used in requirements spe-

cification?
• Are specification support tools proposed (or only

used)?
• What are the open questions on requirements speci-

fication?

In order to achieve the proposed goal, we used the sys-
tematic mapping protocol, which is a research technique
that uses as data source the literature on a specific topic
and follows a protocol with well defined phases.

At the end of this work we found a synthesis on require-
ments specification for context-aware systems, indicating
in a quantitative way, with the help of numbers, tables and
figures, which is the state of the art in relation to what is
already solidified in the field and to the points the next
research must approach.

Out of the 462 papers initially found, a total of 32 were
found to be relevant to this research (7%). Among those
deemed relevant1, it was possible to realize that:

• the digital libraries ACM DL and IEEExplorer in-
clude most of the relevant papers on the area;

• research on the area of this paper do not focus on
the development of specification models or specific
standards;

• natural language is still the most frequent way adop-
ted for requirements specification in the papers rele-
vant to this research;

• the development of new tools to support requirements
specification is still a topic of interest in the academic
community;

• a large part of the current research focuses on mani-
pulating requirements in real-time for the adaptation
of the behavior of context-aware systems;

• the main references to the topic requirements in exe-
cution time come from Italian universities, but also
include research groups from England and Brazil.

As a final contribution, we can observe that the topic
of requirements specification for context-aware systems is
still relevant, with a trend towards requirement specifica-
tion in execution time, given the characteristics of the the
target systems of this research.

Finally, based on the conclusions presented here and
with the goal of giving continuity to the research on this
topic, we suggest the following future work:

• an investigation on the treatment of requirements in
execution time for context-aware systems, from their
capture to the adaptation of the system behavior;

• a tool that supports the capture, inclusion and up-
date of requirement specification for context-aware
systems. A tool with this abilities is still a challenge
to this area.

1The articles considered as relevant to the research (title, authors
and publication year) can be found in Table IX of this paper’s
appendix

It is important to point out that the items above are
goals for the research teams in which the authors are
included. This research explore the use of ontologies in the
specification and modelling of requirements in execution
time for self-adapting systems [5] [17].
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