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Abstract 

Context-Aware Software Systems (CASS) use environmental information to provide better service to the 

systems’ actors to fulfill their goals. Testing of ubiquitous software systems can be challenging since it is 

unlikely that, while designing the test cases, the tester can identify all possible context variations. A quasi-

Systematic Literature Review has been undertaken to characterize the methods usually used for testing 

CASS. The analysis and generation of knowledge in this work rely on classifying the extracted information. 

Established taxonomies of software testing and context-aware were used to characterize and interpret 

the findings. The results show that, although it is possible to observe the utilization of some software 

testing methods, few empirical studies are evaluating such methods when testing CASS. The selected 

technical literature conveys a moderate lack of consensus on the understanding of context and CASS, and 

on the meaning of software testing. Furthermore, context variation in CASS has only been partially 

addressed by the identified approaches. They either rely on simulating context or in fixing the values of 

context variables during testing. We argue that the tests of context-aware software systems need to deal 

with the diversity of context instead of mitigating their effects.  

Keywords: Context-aware; software testing; test case design; Systematic literature review 

1. Introduction 

Ubiquitous computing started as a vision that users will have access to several interconnected 

devices to fulfill their needs [1]. Weiser envisioned that everyday objects would interweave with 

these devices making them – for most practical purposes – “invisible.” In the past few years, 

there has been a growth in mobile devices that can contribute to making this vision come true. 

Currently, gadgets and sensors are available for presenting to the users´ relevant information to 

assist them with their daily tasks [2]. As an example, Android 4.2.2 Motorola Contextual Services 

identify when the cell phone user is driving and “reads” the text messages to the user. 

The definition of context remains elusive [3]–[6]. Dey and Abowd [7] define context as any 

information that can be used to characterize the situation of entities that are considered 

relevant to the interaction between users and applications. The capacity of identifying context 

changes and adapt the system behavior accordingly is called context-awareness. The authors 

further elaborate that in context-aware applications, contextual data is continuously changing. 

Therefore, the context-aware software has an increased ability to interact with other systems 

and devices, enlarging the possibilities of interaction not just with humans but also with other 

types of actors. As a result, in addition to the problem of an expanding test input space, there 
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are additional issues (i.e., mobility, usability, customizability, heterogeneity, collaboration, 

accessibility, evolvability, interoperability, scalability) that must be considered [8].  

In non-context-aware software, the test methods generate test cases by heuristically reducing 

the possible set of inputs the software application can receive. However, the software tester 

(practitioner) is always faced with the tradeoff decision between the test effort and its 

effectiveness. Considering that the continuous changes of context information (context 

variation, i.e. contextual data changes leading the context to assume a different state during 

runtime) can influence software behavior, we argue that Context-Aware Software Systems 

(CASS) worsen this problem for software testing. The test cases need to capture the continuous 

contextual changes, and the testing environment needs to promote these context variations at 

runtime to allow the observation of system's behaviors. Therefore, not dealing with such 

variations contributes to reducing the effectiveness of testing CASS. 

Despite this, CASS are a mainstream reality. As a quick and widespread observed reference, 

Google has included Geofencing since Android Lollipop1. Geofencing takes into consideration 

the location information (from GPS, RFID, and other sources) to alter the software behavior at 

specified geographic locations. For instance, Android Lollipop’s out-of-the-box Geofencing 

offers the users the ability to prevent the phone from locking when the user location is “at 

home.” Thus, practitioners are already developing, testing and deploying CASS. Therefore, 

researchers have also dealt with the problem of developing and testing Context-Aware Software 

Systems. Specifically looking at the testing of such systems, researchers have addressed the 

issue of location awareness [9][10][11], the complexity of context variables input space [12][13], 

behavior changes of context-aware applications [13][14], and usability [15]. Nonetheless, our 

research seeks to identify empirical evidence on currently available testing methods that have 

been applied to test CASS. 

To investigate such testing methods is one of the aims of CAcTUS (Context-Aware Testing for 

Ubiquitous Systems) research project. CAcTUS is an international research project supported by 

CNPq – Brazilian Research Agency - that has been undertaken to characterize and understand 

how software engineers and practitioners are currently assuring the quality of CASS. A secondary 

study (quasi-Systematic Literature Review - qSLR [16]) was conducted to characterize the current 

methods used to test CASS and to identify how efficient these methods are to test CASS. A qSLR 

follows the rigor and formalism of a Systematic Literature Review (SLR) [17] but differs from it 

because there is no Comparison (baseline) available, making hard to perform a comparative 

meta-analysis, either by design or because of the maturity of the research field prevents it. Both 

the SLR and qSLR focus on identifying and aggregating empirical evidence. 

Furthermore, to support the acquisition of knowledge from the resulting primary sources, we 

relied on the selected studies classification by using established taxonomies to extract 

knowledge from them. Among these taxonomies, we have selected the ISO/IEC/IEEE 

29119:2013 [18] Software and Systems Engineering standard for software testing. 

From the 1820 technical papers, we identified ten technical articles ([13], [19]–[27]) fulfilling the 

defined qSLR inclusion criteria (see Section 4.5). We selected two more technical articles [28], 
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[29] after complementing the qSLR with a snowballing process – for a total of 12 sources chosen 

for analysis. All of these sources of information presented significant results. However, their 

analysis revealed different perspectives on the meaning of testing and also in their 

understanding and interpretation of context and Context-Aware Software Systems. 

Despite the finding of these 12 relevant sources dealing with the testing of CASS, their analysis 

did not allow us to observe any evidence regarding the existence of a complete context-aware 

test method for testing CASS. The wording is critical for comprehending the relevance of this 

finding. The identified testing techniques, when abstracted, are all following the same strategy: 

at one point or another within the proposal, the identified technical literature resorts to assign 

a pre-defined (and fixed) value for a context variable. For instance, if the application is location 

aware, the test case will fix the location input variable to a predefined location(s), and this value 

will not change during the test case execution. In effect, this creates a partial coverage since as 

Dey and Abowd point out “contextual data is continuously changing” [7]. Therefore, we argue 

that we did not find any evidence regarding a complete context-aware test method. Which, by 

contrast, we envision it as a testing method that takes advantage of the context variations and 

does not rely only on fixating the value of a context-aware variable of interest to the test case. 

The simplicity of the location-aware example allows for making the case that this problem grows 

as the number of context variables also grows. Our hypothesis is that if the software tester’s 

conundrum is that s/he must always juggle the tradeoff between coverage and effort/cost, then 

context-awareness – at least - enhances this problem. Therefore, traditional software testing 

methods will always limit the test item coverage and naturally reduces our capacity of revealing 

failures.  

We have organized this paper into the following parts. Section 2 intends to frame the discussions 

in the light of our current understanding of software testing. Section 3 describes our findings on 

how the industry is currently testing context-aware software systems. Next, Section 4 presents 

the key elements of our research strategy and the qSLR protocol, while Section 5 details its 

execution and Section 6 presents its assessments and results. In Section 7 we discuss the threats 

to the validity of our research strategy and results. In Section 8, we present our 

conceptualization for testing context-aware software systems in the light of the acquired 

evidence. Finally, in Section 9, we close this paper with our conclusions and reflections on future 

works. 

2. Software testing definitions 

Software Testing is an integral part of software development lifecycle (SDLC) models. From early 

SDLC proposals like Royce’ s waterfall [30] to newer models like XP [31] or RUP [32], software 

testing takes a key role in them. Software testing is still the most widely used mechanism to 

assure the behavior of software [33]. Despite Software Testing’s long history of software 

development, most research suggests that practitioners still execute ad-hoc testing [34]. 

Furthermore, researchers have also pointed out how little agreement there is among 

researchers and practitioners about what constitutes testing and which elements should be 

taken into account when planning and performing testing [35]. 



The ISO/IEC/IEEE 29119:2013 [36] constitutes a step towards the standardization of the 

software testing process and its vocabulary. Throughout its four parts, it aims at the 

standardization of process activities, templates, and vocabulary. Since this research aims at 

understanding how CASS are being tested, and it has been about three years since the 

ISO/IEC/IEEE publication, we decided to base all our discussion about software testing on its 

vocabulary. 

Therefore, throughout this manuscript we conceptualize that the following elements compose 

a test case (Figure 1): 

1. Test Item: Product/functionality under test. 
2. Test Input: Input variables that will stimulate the Test Item. 
3. Test Output: Response returned by the Test Item after receiving a Test Input. 
4. Test Oracle/Expected Result: Predicted behavior under specified conditions based on its 

specification or another source. 
5. Test Result: The comparison between the Test Output and the Expected Result (as 

described in the Test Oracle). 
6. Test Environment:  The facilities, hardware, software, firmware, procedures, and 

documentation intended for or used to perform the software testing. 
7. Test Script: The procedure specification for manual or automated testing. 

 
During the test case design, the tester uses a testing method to select values for the variables 

included in the Test Input. During the test case execution, the test item receives a test input 

according to the test script and returns a test output. The tester compares the test output with 

the expected result described in the test oracle and checks whether the test output matches the 

expected result. 

 

Figure 1 Relationship between the software testing elements 

3. How the industry tests Context-aware software systems? 

Context-aware software systems are becoming ever more widespread. Therefore, software 

development organizations must be testing and deploying the quality of their software. To 

understand how the industry is testing context-aware software, we undertook a search of the 

gray literature. We understand gray literature, as those references that have not undergone a 



formal peer review process, and therefore can not be reached through the academic databases. 

To find relevant gray literature, we searched retail book providers like Amazon, Safari Books, 

and CRC Press. Furthermore, we tracked down the development teams of the vendors currently 

providing context awareness platforms. Table 1 presents the results. 

Type  Vendor Search strategy Results 

Book Vendors Amazon Search for the following 
keywords: "Context- aware," 
“Developing context-aware,” 
“Testing Context-aware,” 
“Ubiquitous Software 
Systems.” 

Chapter on testing 

context-aware [37] 

Safari Books 

Online 

Chapter on testing 

cyber-physical systems 

[38] 

CRC Press No new results 

Platform 

Providers 

Apple Identify development teams 

and look for blog post, Twitter, 

and social networks 

Could not find Relevant 

results for Apple 

technology 

Google Presentations at 

Google I/o 2015 [39] 

Microsoft Reports from Mobile 

and Sensing Systems 

Group – Microsoft 

Research (see [40], 

[41]) 

Table 1 Some Industrial Context-Awareness Capabilities 

In [37] the author envisions the challenges that context-awareness can bring to Software 

Testing. Specifically,  he argues that the main source of these difficulties are that “changes in 

context can occur and affect the application behavior at any time during its execution” [37]. In 

contrast, the author does not propose solutions and finishes the chapter by reviewing some of 

the primary sources also identified in our research (and summarized in Section 6.3). 

In [38], the author presents an experience of participating in the DARPA Driverless car 

competition. To test the software that controlled the author’s car, they built a cloud-based 

simulation infrastructure. The author generalized the following lessons learned from his 

experience testing this context-aware software. First, he acknowledges that there is no standard 

process for testing context-aware software system. Secondly, he identifies that there are 

shortcomings with traditional test approaches when applied to context-aware software 

systems. Finally, he argues for generating simulation infrastructures that can simulate the 

problem of context variation during the test execution. 

Microsoft Research Mobile and Sensing group make the case that there is a need to develop 

tools to aid in the testing of CASS systems [40]. In [41], they present a proof-of-concept tool 

designed to test CASS systems. Their solution is a cloud-based infrastructure with a sizable 

database of possible context variables and values. When their tool executes a mobile CASS into 

the environment, the user can select context values from the database, and the cloud-based 

infrastructure simulates the dynamic changes in the context to identify faults. 

Finally, at Google I/O 2015 we were able to realize that Google’s approach to testing their 

contextual services API involves its execution against large data inputs. Unfortunately, we were 

unable to identify a report detailing this method. 



In short, we argue that the industry is currently concerned with the quality assurance of CASS. 

Nonetheless, the approaches we were able to observe, are concerned with the assurance of 

reliability [42]. They try to verify that the application will not fail when the context changes. In 

light of the conceptualization presented in Section 2, given just an availability requirement, 

these could be a valid testing alternative. However, they only deal with one aspect of the 

problem and do not cover functional assurance. 

4. Research Strategy Overview: quasi-Systematic Literature Review 

An investigation strategy for our research is to undertake a quasi-Systematic Literature Review 

[16]. We make the distinction between a Systematic Literature Review [43] and a qSLR when the 

PICO comparison perspective [44] is not complete.  In software engineering, it is usually the case 

that the phenomenon under study has not yet exhibited a baseline for comparison. A qSLR does 

not differ in rigor or formality from an SLR. They are both based on a research protocol that 

should enable other researchers to reproduce the research method and can present narrow 

research questions.  This section outlines the qSLR protocol [45] used to guide this work. 

4.1. Commissioning the review 

The research reported in this article is framed under the CNPq CAcTUS project, a research 

initiative including researchers from two universities in Brazil (Universidade Federal do Rio do 

Janeiro, and Universidade Federal do Ceará) and one in France (University of Valenciennes and 

Hainaut-Cambresis). 

CAcTUS research goal is to define a measurement-based approach for context-awareness 

testing to assess the quality of actor-computer interaction for ubiquitous systems. Currently, the 

research team has divided itself out into several tracks (this research, test case design for CASS, 

and interoperability) trying to identify the current state of the art in the testing and assessing 

the quality of computer interaction involving context-awareness software.  

4.2. Research questions 

The following research questions fulfill the research goals for the qSLR described in this technical 

paper. 

RQ1: Which are the existing methods for testing CASS?  

Moreover, as a secondary research question: 

SRQ1: What is the effectiveness obtained by each one of them? 

A note on our understanding of the word ‘method’: by ‘method’ we intend to identify test design 

techniques, test types and technologies (in a broad knowledge of the term) that are usually used 

for testing CASS.  



Regarding SRQ1; we use the word “effectiveness” to indicate that we are interested in any 

evaluation that has been used to mitigate challenges for testing CASS. 

4.3. Planning the review 

The qSLR was planned to be conducted from April 2014 to November 2014, with three 

researchers assigned to it. Together, the researchers selected the search engines, created the 

first search string version, and prepared a first draft of the inclusion and exclusion criteria for 

the papers selection, designed the information extraction strategy and established the quality 

evaluation criteria. 

The researchers conducted a few trials before the qSLR protocol final execution, to calibrate its 

different elements and the researchers’ perspectives. Figure 2 presents the followed steps. At 

each iteration, the team learned which keywords and terms to use in the sources and search 

engines. The protocol report [45] describe these learned lessons. Section 5 describes this qSLR 

execution. 

 

Figure 2 qSLR Trials Scheme 

 

4.4. Search string evolution 

The search string organization followed the PICO structure [44]. As we mentioned before, we 

decided to undertake a qSLR. Therefore, the Comparison dimension is represented by an empty 

set.  Based on the research question, the Population, Intervention, and Outcome were 

represented as follows: 

 Population: Sensibility to the context. 

o Keywords: "context aware" OR "event driven" OR "context driven" OR "context 

sensitivity" OR "context sensitive" OR "pervasive" OR "ubiquitous" OR 

"usability" OR “event based” OR “self adaptive” OR “self adapt”. 

Protocol
Update

Search
String

Prepared

Search 
executed in 
the Search 

Engines

Abstracts 
Read by the
Researchers

Results
Evaluated

by the
Researchers

Initial string qSLR Complete 



 Intervention: Software testing. 

o Keywords: "software test design" OR "software test suite" OR "software test" 

OR "software testing" OR "system test design" OR "system test suite" OR 

"system test" OR "system testing" OR "middleware test" OR "middleware 

testing" OR "property based software test" OR "property based software 

testing" OR "fault detection" OR "failure detection" OR "GUI test" OR "Graphical 

User Interfaces test". 

 Comparison: - 

 Outcome: Methodology. 

o Keywords: "model" OR "metric" OR "guideline" OR "checklist" OR "template" 

OR "approach" OR "strategy" OR "method" OR "methodology" OR "tool" OR 

"technique" OR "heuristics". 

 

The keyword “usability” was included in the population to include those papers dealing with 

usability testing for CASS. Early trials showed that removing that keyword from the population 

could miss sources of information regarding this specific type of testing in CASS. Among the 

excluded keywords, there were: 

 

 “agent systems / multi agent systems”: which returned too many articles from other 

areas that did not attend the inclusion criteria, increasing the noise in the outcomes 

 combinations of “system” and “software” with “fault detection” and “failure 

detection”, which returned fewer results than the actual search string  

 “Defect detection” / “error detection” and “cyber physical”, which returned technical 

papers not fitting the aims of this qSLR. 

 

A note on the inclusion of “fault detection” instead of “failure detection” or “Defect Detection”: 

We run a trial to include “failure detection” or “Defect Detection” since all these terms are 

defined in the IEEE 610.12-1990 Standard Glossary of Terms for Software Engineering [46]. 

According to this standard, failure is “the inability of the system to perform its required functions 

within the specified performance requirements.” A Fault is “an incorrect step, process or data 

definition in a computer program.” Therefore, our hypothesis was that failure not fault should 

return results related to Software Testing, but our trial runs indicated otherwise. Therefore, we 

included the term failure because it returned satisfactory results for our research, regardless of 

the formalized term meaning. 

This search string was executed (with minor variations to allow the implementation in each 

search engine) in the search engines shown in Table 2. We selected these search engines 

because of their combined coverage and our capacity to access their results through the CAPES 

portal2. We do not use Google Scholar, and ACM Digital Library due to their search algorithms 

do not favor results repeatability [47]:  
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Name Link 

Scopus http://www.scopus.com/ 

Web of Science http://www.isiknowledge.com/ 

IeeeXplore http://ieeexplore.ieee.org/ 

Table 2 Used Search Engines 

4.5. Inclusion/Exclusion criteria 

As we have already mentioned in our research goal; the intention was to gather evidence on 

how to test CASS. Therefore, Inclusion/Exclusion criteria aim at filtering out those papers that 

neither mention the application of testing techniques to CASS nor provide empirical evidence. 

The inclusion/exclusion criteria are listed as follows: 

 (To talk about: test strategies OR  test design OR test methods OR test metrics OR 

testing measurement OR fault detection OR error detection) AND ((To present 

characteristics of context in context-aware software systems) OR ( To present some 

characterization of CASS) OR (To analyze specific problems in sensing variables of 

context in Human Computing Interaction OR Software Systems’ usability)) 

 (To present an experimental evaluation or experience) 

 

We designed the inclusion criteria to target usability testing in context-aware applications. It 

explains the presence of “Human Computing Interaction” and “Software Systems’ usability” in 

the inclusion criteria. The exclusion criteria are the negation of the inclusion criteria with the 

addition that all sources accepted must have been published after the year 2000. This cutoff 

date coincides with the publication of the work by Dey and Abowd [7]. In a previous research by 

our team, we had determined this work as a milestone concerned with context-aware studies. 

Furthermore, to favor reproducibility, a cut off was also defined to be December 2013. 

Nevertheless, it was decided to perform one-level backward and one-level forward snowballing 

[48] from the last selected primary sources to verify these assumptions (see Section 7 under 

Threat of missing technical literature). 

4.6. Identification of primary studies 

The criteria for the inclusion of relevant sources of information remained stable throughout the 

qSLR process. Each researcher had to review the complete set of papers and review each of 

them according to the Inclusion/Exclusion criteria (in the first round reviewing only by title and 

abstract, in the second round by full paper reading). After which, each researcher would vote. 

Each source received one vote from each one of the researchers. The rules described in  Table 3 

guided the Inclusion/exclusion decision by the researchers. 

 

 

 



Votes Decision 

At least two accepts without reject Accept 
At least two rejects Reject 

Any other case Group Discussion and acceptance only by consensus 

Table 3 Rules for Acceptance Criteria 

4.7. Data extraction strategy 

In addition to bibliographic information, Table 4 presents the fields used in the data extraction 

form. This section explains how the research team interpreted each of field in the data 

extraction form. 

Since we are looking for evidence in primary studies, the data extraction form adds the fields 

Independent Variables and Dependent Variables. Regarding the context-awareness feature, the 

fields aiming at the variables and the sensor method for detecting those variables were also 

included.  

Also, with a vision to aggregate results with the other CAcTUS project's qSLRs, it was decided to 

use established taxonomies to classify the characteristics of the extracted sources. The 

motivation for doing so came from other researchers experiences, which have validated how 

beneficial the use of taxonomies to aggregate results can be for software engineering research 

[49]. 

To evaluate the types of software systems on which the identified proposals were being used 

we selected Kotonya et al.´s [50] classification. For instance, the classification provides three 

application types (Emergency care, home care, and primary care) for the domain type 

healthcare. To contrast Kotonya et al.´s [50], we also used Pressman 2010 [51] software category 

classification, which provides a simpler taxonomy that could also serve to our purposes. 

Furthermore, we relied on Wynekoop and Conger [52] taxonomy of experimental studies to 

identify which types of experimental studies the sources of information were reporting. Finally, 

the Field Test Strategy is an explanation for how the primary source's authors describe the test. 

This field was also used to generate a classification against the ISO/IEC/IEEE 29119:2013 [36] 

during the analysis phase. 

The downside of using classifications to analyze data from multiple raters is that raters must 

have the ability to classify consistently the same data. Else, the reliability of the analysis is 

threatened. Therefore, it was decided to use inter-rater agreement measures [53] to evaluate 

the researchers´ capacity to extract and classify data into the different categories used for data 

extraction. Based on [54], we previously defined a Kappa value of 60% as a minimum acceptable 

agreement rate, which is considered higher than a moderate level of concordance. A subset of 

the studies was selected and classified in the data extraction database. After calculating Kappa 

values, agreements and disagreements were discussed to align the criteria, with disambiguation 

points documented in the research protocol [45] –  Section 4.2.1 discusses the results from these 

instances). 

 

 



Field Description Purpose 

context-awareness variables The list of context-awareness variables 
mentioned in the article 

To identify all context-aware 
variables mentioned in the 
primary source. 

Context variables sensing 
method 

Context variables must be sensed to 
provide meaningful information to the 
user. Describe here the method. 

To identify how context-aware 
variables (as described in the 
previous field) were sensed. 

Independent variables  Independent variables included in the 
study 

To identify which Independent 
variables (including context-
aware) were taken into account in 
the experimental evaluation. 
Besides, to distinguish those 
considered for experimental 
purposes from those mentioned in 
other primary source's sections. 

Dependent variables Dependent variables included in the study To identify which dependent 
variables (including context-aware 
ones) the experimental evaluation 
took into account. Besides, to 
distinguish those considered for 
experimental purposes from those 
mentioned in other primary 
source's sections. 

Test strategy Name or list of test strategies used to verify 
the software system. 

To identify which strategies were 
being applied to CASS. 

Domain type where the 
proposal has been applied 

Application Domain according to Kotonya 
et al.’s [50] taxonomy  

To identify which types of 
software systems were being 
tested as CASS. 

Application type where the 
proposal has been applied 

Application type according to Kotonya et 
al.´s [50] taxonomy 

Software Systems category Software Category according to Pressman 
2010 [51]. 

Type of experimental study  Types of empirical studies according to 
Wynekoop and Conger [52] with 
definitions taken from ESE Wiki3. 

To evaluate the strength of 
experimental knowledge 
generated so far by the sources 

Table 4 Data extraction form 

4.8. Definition of Quality Assessment criteria 

The researchers conducted in parallel the data extraction and quality assessment of technical 

papers. Quality assessment aims to highlight those papers that could be more related to the 

investigation theme and, consequently, strengthen the confidence in the final result. It is worth 

to note that the quality criteria used in this research are subjective and strictly aligned with the 

research goal reported in this article. We do not intend to make any inference regarding the 

research studies quality outside the scope of our study. 

Table 5 presents the quality criteria questions and their value. 
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▪ Criteria related to testing strategy: 

1. Is the testing strategy formally described (using a formal language, SPEM, UML) (1 pt.) 

2. Does the testing strategy include context indicators within the proposal (1 pt.)? 

3. Was it possible to extract all data proposed in the data extraction form? (0.5 pt. per column starting at 

context variables) 

▪ Criteria related to test case generation: 

4. Is there any description on how to derive the test cases? (1 pt.) 

5. Is there any description of restrictions and conditions about the proposal applicability? (1 pt.) 

6. Is it possible to identify for which types of system the proposal was used? (0.5 pt. for each system type) 

▪ Criteria related to the proposal background theory or applicability: 

7. Does the paper describe any adaptation/evolution of a pre-existent approach? (1 pt.) 

▪ Criteria related to the proposal evaluation: 

8. Is there any description of measuring or evaluation of a testing design strategy? (1 pt.) 

9. Does the article describe the proposal application in different settings? (0.5 pt. x number of settings) 

10. Are there context variables identified in the study evaluation? (0.5 pt. for each variable) 

11. Are test cases/strategies designed for those context variables? (0.5 pt. for each variable) 

Table 5 Quality criteria 

5. Execution of the research protocol 

The execution of the research protocol took place from April 2014 to October 2014. In October 

2014, the CAcTUS research team had the opportunity to review the qSLR protocol during a 

project workshop. Feedback from other CAcTUS project researchers resulted in the inclusion of 

“event based”, “self adaptive” and “self aware” in the population dimension of the search string.  

To support the protocol trial, the researchers relied on Jabref 2.10 tool 

(http://jabref.sourceforge.net/) for the initial sources review and information extraction. 

Moreover, a custom Microsoft Access Database was created to manage the data extraction and 

quality evaluation process. 

5.1. qSLR execution trials 

The search string was iteratively evolved through trials to evaluate the pertinence of several 

possibly relevant keywords (as described in Section 4.3). The researchers got satisfied with the 

selected primary sources level of recall after the execution of four trials. Table 6 summarizes the 

evolution of the qSLR protocol.  

Trials 1 and 2 aim at consolidating the search keywords. In the later part of May 2014, the main 

Execution of this qSLR was carried out. Finally, a re-execution was needed after the CAcTUS 

workshop. Therefore, results presented in the first two columns in Table 6 are not comparable 

to the latter two (signaled by the row “Changes in reader´s perspectives”). It is worth to mention 

that we noticed throughout the trials that very few papers would pass the inclusion/exclusion 

criteria. Therefore, we did not discard a keyword if it could find a relevant paper for the research. 

The downside of this decision is the amount of “noise” (papers not fitting the inclusion criteria) 

http://jabref.sourceforge.net/


analyzed during the qSLR protocol execution. The cut-off date for extracted papers was 

December 2013 in all searches to avoid partial cataloging and increase repeatability. 

 Trial 1 
April 2014 

Trial 2 
May 2014 

Execution 
May2014 

Re-Execution 
October 2014 

Included Keywords 0 13 4 0 

Excluded Keywords 0 6 0 1 

Amount of Papers Found 52 418 1121 1820 

Number of new papers Included 11 24 54 21 

Noise ~79% ~94% ~95% ~99% 

Changes in Readers’ Perspective Yes Yes No No 

Table 6 Protocol updates over the trials 

5.2. Primary Studies Selection 

The final search task found 1820 technical papers, reduced to 110 articles after removing 

duplicates and applying the inclusion/exclusion criteria. From those, 75 were kept for full 

reading (summarized in Table 7), with 65 not passing the Inclusion/exclusion criteria. Therefore 

the ten sources were selected after full reading ([13], [19]–[27]), with two more sources added 

after performing the snowballing process ([28] and [29]). 

Stage Number of articles 

Total articles found 1820 

Total articles after removing duplicates 1678 

Articles selected by the inclusion criteria 110 

Articles selected for full reading after meeting of the reviewers 75 

Articles kept after full reading 10 

Articles included after snowballing 2 

Table 7 Total of articles in each stage of the review 

Although only 12 primary studies were selected to be fully analyzed, the research team reviewed 

1678 references by title and abstract. We applied the inclusion/exclusion criteria for all of these 

references. For instance, the work by Shukla et al. [55] was selected due to the used search 

string (Section 4.4). However, it was not observed in the review of its title and abstract any 

mention to context-awareness. The work by Chan et al. [56] passed the filter by title and 

abstract, but It was discarded after a full reading because we observed the example section did 

not qualify as an experimental evaluation. Finally, Bertolino et al. [57] mention in the abstract 

how to use their proposal for test stubs regarding context-aware applications. Therefore, it was 

included for data extraction after a first full reading of the paper and rejected in the final stage. 

5.2.1. Application of inter-rater agreement for taxonomical data 

As we have already mentioned (see Section 4.7), it was decided to use inter-rater agreement 

measures [53]. Therefore, during the trials, we selected sets of ten references to use for the 

evaluation of understanding between researchers. Each researcher had to categorize each 

reference according to the selected taxonomies. We paid particular attention to the taxonomical 

variables (Types of experimental study, and Application type) of the data extraction sheet (see 

Table 4). After each researcher had independently classified the set, the results were compared 

and the inter-rater agreement level calculated. Differences in classifications were discussed to 



improve our rating capacity as a research team. We had to repeat this process twice – with two 

different sets of ten papers - before attaining the desired level of confidence. Table 8 presents 

the evolution on our capacity to rate consistently. 

Variable Agreement in First  

May 2014 

Agreement in Second 

evaluation of agreement 

October 2014 

Type of experimental study 39% 91% 
Application Type 59% 86% 

Table 8 Evolution of researchers’ agreement on Taxonomical variables 

6. Results 

6.1. Characteristics of selected technical literature 

Due to the relatively low number of selected primary studies, we evaluated that there would be 

little value on analyzing the bibliographic information of the selected technical literature, yet 

Table 9 presents a summary (technical sources in bold are those resulting from the snowballing 

process). 

ARTICLE Publication year Publication Venue 

Alsos and Dahl [19] 2008 Conference Proceedings 
Amalfitano et al.[20] 2013 Conference Proceedings 
Jiang et al. [22] 2007 Conference Proceedings 
Canfora et al. [21] 2013 Conference Proceedings 
Merdes et al.[23] 2006 Conference Proceedings 
Ryan and Gonsalves [24] 2005 Conference Proceedings 
Satoh [25] 2003 Conference Proceedings 
Tse et al. [13] 2004 Conference Proceedings 
Wang et al. [27] 2007 Conference Proceedings 
Wang and Chan [26].  2009 Conference Proceedings 
Wang et al. [28] 2014 Journal Article 
Yang et al. [29] 2014 Conference Proceedings 

Table 9 Selected technical literature by year and venue 

We analyzed the selected technical literature by visualizing the relationships among the primary 

studies, and within the technical literature they referenced. Figure 3 presents the relationships 

among the included primary studies as to how they reference each other. 



 

Figure 3 Cross-references among included Technical literature 

To evaluate how the included technical references build upon the existing technical literature, 

we analyzed the references they cited. As a spread indicator of the current technical literature, 

Table 10 presents the number of references for each article included in the qSLR. Furthermore, 

Table 11 presents the number of shared references among the selected studies. Finally, we 

extracted those references shared with more than one technical paper in the included technical 

literature ([58]–[65]) and visualized the relationships in Figure 4 – this analysis excluded self-

citations4. 

ARTICLE Number of References Number of Self Citations 

Alsos and Dahl [19] 27 4 
Amalfitano et al.[20] 24 4 
Jiang et al. [22] 18 0 
Canfora et al. [21] 16 0 
Merdes et al.[23] 28 5 
Ryan and Gonsalves[24] 23 2 
Satoh [25] 14 4 
Tse et al. [13] 33 9 
Wang et al. [27] 25 2 
Wang and Chan [26].  15 1 
Wang et al. [28] 61 6 
Yang et al. [29] 40 4 

Table 10 Citations and Self-citations by technical literature 

                                                           
4We highlight to readers that Wang et al. 2014 [28] and Wang and Chan [26] are different authors from Wang et al. 2007 [27]. 
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Alsos and 
Dahl [19] 

-            

Amalfitano 
et al.[20] 

 -        3  2 

Jiang et al. 
[22] 

  -         1 

Canfora et 
al. [21] 

   -      1   

Merdes et 
al.[23] 

    - 1       

Ryan and 
Gonsalves[2
4] 

    1 -   1 1  1 

Satoh [25]       -    1  

Tse et al. 
[13] 

     1  -   2  

Wang et al. 
[27] 

  1  1  1  - 6  4 

Wang and 
Chan [26].  

 3   1  1  6 - 7 3 

Wang et al. 
[28] 

      1 2  7 - 5 

Yang et al. 
[29] 

 2 1   1   4 3 5 - 

Table 11 Citations among included technical references 

 

Figure 4 Included technical reference citation map 

As a result of this analysis we observe: 



I. No single work so far has studied the selected technical references all together as a set 

(Figure 3).  

II. Some of the identified technical literature is unrelated or has not come to the attention 

of previous researchers (Figure 3 and Figure 4). 

III. There are very few overlaps among the cited references by each of the selected 

technical literature (Table 10 and Table 11). 

To the best of our knowledge, this is the first work that has embodied the available empirical 

literature in testing context-aware software. From observations I and II, we claim that it is highly 

likely that the diversity of results in the technical literature stem from an incomplete 

understanding of the concepts involved in testing CASS. We will expand this argument in Section 

6.6. 

6.2. Quality evaluation of selected technical literature 

Although the establishment of a Total Quality Score is not an easy task due to the combination 

of answers, if we were to assign a minimum expectation to the Total Quality Score a primary 

source should attain, it should be around 12.5 points. The questions contribute to rank the 

papers as follow: one point for each yes/no category (Questions 1, 2, 4, 5, 7, and 8); four and a 

half points for question 3 (it was possible to extract all fields in the data extraction form); and at 

least 0.5 points for each of the remaining questions.  

Table 12 presents the quality evaluation points for the selected primary sources. Only three of 

the 12 sources reached our expected quality evaluation value. Section 7.7 will discuss the 

implications of these results. 
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Amalfitano et al.[20] 0 1 4.5 1 0 0.5 1 1 1 4 4 18 
Alsos and Dahl [19] 0 1 4.5 0 1 0.5 0 1 0 2.5 2.5 13 

Wang et al. [27] 1 1 4.5 1 0 0 0 1 0.5 2 2 13 

Wang et al. [28] 1 1 4 1 1 0 1 1 1.5 0.5 0 12 

Yang et al. [29] 1 1 4.5 1 1 0 1 1 0 0.5 0.5 11.5 

Canfora et al. [21] 0 1 4.5 0 0 0.5 1 1 1 1 1 11 

Wang and Chan [26] 1 1 3.5 1 0 0 1 1 0 0.5 0.5 9.5 

Jiang et al. [22] 0 1 4.5 1 0 0.5 0 1 0 0.5 0.5 9 

Tse et al. [13] 1 1 3.5 1 0 0 0 0 0 1 1 8.5 

Ryan and Gonsalves[24] 0 1 3.5 1 0 0 0 1 0 1 0.5 8 

Satoh [25] 0 1 3 0 0 0 1 0 1 1 1 8 

Merdes et al.[23] 1 1 4 0 0 0 0 1 0 0.5 0 7.5 

Table 12 Paper Quality Evaluation Results 

The data presented in Table 12 allows the following observations: 

 Half of the selected primary sources formally describe the testing approach (quality 

criteria 1). 



 Only three out of 12 primary sources describe restrictions (including threats to validity) 

regarding their testing proposals (quality criteria 5). 

 Eight out of 12 primary sources do not describe for which kind of system the testing 

approach can be applied, putting the study applicability at risk (quality criteria 6). 

 Six out of 12 primary sources present entirely new testing approaches, not evolved from 

any other existing testing method (quality criteria 7). 

 Ten out of 12 primary sources provided an evaluation of the proposed testing method 

(quality criteria 8). 

 The assessment process of the selected primary sources used at least one context 

variable (quality criteria 10). Nevertheless, less than half of the approaches were 

evaluated using more than one different configuration (quality criteria 9).  

 Ten out of 12 primary sources show how they derived the test cases (quality criteria 11). 

6.3. Summary of the selected primary sources 

Alsos and Dhal [19] present a case study for usability of CASS. The area of application is Health 

Care systems. They perform an observational evaluation of usability of their experimental 

subjects, by designing a controlled physical environment. The authors designed three different 

scenarios by presenting different scripts to the experimental subjects. In their first reported case 

study, the scenario involves location-aware services for the test item, and their measurement 

objective focuses on the test participants’ preferences; concerning interaction techniques with 

the location-aware test item. Their second and third reported case studies make no reference 

to the use of context-aware variables in the experimental design.  

Amalfitano et al. [20] present an app running on the Android platform. This app juggles the input 

received by the device sensors and feeds it to the application under test. The authors define 

their Test Design Technique as “exploration-based technique.” The authors make an explicit 

distinction between mobile apps, and context-aware mobile apps – according to their 

interpretation, “those that are designed to use context-related events not coming from the user 

interface.” They present a case study to evaluate whether the event-based testing techniques 

effectiveness suffers when considering context events. Their results point that coverage is 

enhanced when taking into consideration context events.  

Canfora et al. [21] present a platform whose objective is to automate the capture of user 

experience when testing performance on a smart device. They present a case study where two 

functional scenarios are given to the participants to run on two different devices. One of these 

devices has been tweaked to use only 70% of available RAM memory. Then they compare the 

results projected by their tool with data obtained from a response survey administered to the 

participants. They conclude that their tools correctly predicted the participants’ impressions. 

Jiang et al.[22] present a tool to support the testing of mobile devices. This tool enables the 

tester to record and define, store and execute test cases against a software application running 

on a smart appliance. The authors give no explicit definition neither on the types of testing nor 

the test design technique. Nonetheless, examples of this primary source are all presented at a 

functional level. They further present a controlled experiment where subjects are required to 

write test cases against the same software application. The independent variable in this 



experiment is the smart device; the experimental design uses three different devices. Their goal 

is to evaluate the effectiveness of their test tool. 

Merdes et al. [23] present a proposal for fidgeting with resource sensors in mobile devices at 

runtime. They present an XML-based-tool for helping with this intervention. The XML layer 

enables the user to configure run-time scenarios to execute the test suites for the application. 

The authors tackle the problem of resource availability in a context-aware application when the 

application needs to connect to external devices at run time. The authors present a case study 

to compare three different implementations of resource-aware strategies for test cases defined 

for a sample application. Their results rank the various strategies against three performance 

dimensions (cost, test coverage, and functionality protection). 

Ryan and Gonsalves [24] present an experiment to evaluate the usability of context-aware 

applications in different device types. In this study, the authors adapt the same application to 

run on four different device types and then evaluate them for usability-related quality attributes 

(for instance, learnability and ease of use). In their experimental design, they design a set of 

scenarios, and subjects should execute the application in different devices (PC, mobile), and 

implementations (Mobile Native/ Mobile HTML). The results show that users preferred the PC 

implementation over the mobile one and that native mobile application had better responses 

regarding bandwidth usage. 

Satoh [25] presents a framework for testing the mobility of ubiquitous software systems. The 

approach consists of an emulator for the mobility of ubiquitous devices and the definition of 

agents that can encapsulate the test item through the emulator. They present two case studies 

for the dynamic discovery of services. In the first case study, they emulate the response to UPnP 

protocol of the test item, as the test item discovers new devices that are plugged and unplugged 

to it. In the second case study, involves the capacity of the test item to detect a printing service 

and to make use of it. Only qualitative results of both case studies are presented, these convey 

the feasibility of the proposed approach. 

Tse et al. [13] apply metamorphic testing to context-aware software systems. This approach 

relies on specifying the context variables and sensors to which the application is aware. An initial 

database contains the input/output variables, and the presented approach selects different 

combinations of inputs to check whether the outputs remain the same in different input 

sequences of execution. A previously identified relationship between the test input and test 

output is used as test oracle. The test item is then stimulated with a pair of test input/output 

until to break the specified relationship, and to reveal a failure. They present a case study using 

a light bulb and a sensor as the test items. 

Wang et al. [27] present a framework where context variables are identified to create test cases 

against these variables. In their framework, the user identifies the context point and an 

exploitation strategy, and the framework creates new test cases. They present a case study by 

extending a test suite for a context-aware application. In their case study, they create new test 

cases considering context-aware variables (location, user interest level). The independent 

variable in their case study is the number of generated context-aware drivers and execution 

time, both of them used to validate their proposal. 



Wang and Chan [26] present a metric used as a proxy for the coverage of a test suite against a 

test item. What is notable about this proposal is that the metric uses the notion of context-

awareness. In particular, it considers the number and values of context variables in a test suite 

to produce their measurement; they name this metric Context Diversity. They present a case 

study where they differentiate test suites, with different Context Diversity values, and run 

against a test item. Their results show that their proposal (Context Diversity) can be a good 

predictor of coverage for CASS. 

Wang et al. [28] further developed the application of the Context Diversity metric as a measure 

of coverage for CASS. They extend their previous result (Wang and Chang [26]) by automatically 

generating test suites using mutation algorithms. Their results confirm that Context Diversity is 

a good proxy for coverage of CASS. 

Yang et al. [29] present an approach that generates a test item model. This model enhances the 

idea of state machines by introducing concepts of interaction between the test item and its 

perception of its surrounding environment (the context under the understanding of the 

authors). The test item model is analyzed, and the test input sets ranked according to how likely 

they can reveal software failures. The authors have evaluated their approach with an 

experiment involving software for self-driving-robot cars. 

As the focus of this research method is to gather experimental evidence, the following table 

summarizes the design of the experimental method of each of the selected primary sources. To 

frame this comparison, we based the columns of Table 13 in GQM template [66]. 

Source Aim Object of Study With respect to In the context of 

Alsos and 

Dhal [19] 

Evaluate the 

feasibility of 

using hand-held 

devices in 

healthcare 

settings 

A predefined set of 

nursery tasks  

Usability Four health care workers 

accomplishing routine nursery 

duties. 

In an in-vitro environment 

Amalfitano 

et al. [20] 

Characterize 

how the 

proposed test 

infrastructure 

performs against 

other mobile 

testing platforms 

Five Open source 

applications in the 

Android market 

Test Coverage Researchers generated Test cases 

and executed them with their 

proposed framework, and without it. 

Test Items were five open source 

applications which the researchers 

selected from the Android market. 

Canfora et 

al. [21] 

Evaluate the 

feasibility of the 

proposed tool to 

measure 

usability 

Two different 

configurations of 

the same 

smartphone 

(Nexus One) 

Response Time Eight Volunteers at a development 

organization. 

In an in-vitro setting where 

researchers could observe the 

interaction between subjects and 

devices. 

Jiang et 

al.[22] 

Evaluate the 

feasibility of 

The proposed 

framework, 

running on three 

Test Efficiency 

(defects 

identified) and 

A test suite implemented by the 

researchers using three approaches 



Source Aim Object of Study With respect to In the context of 

their testing 

framework 

different Symbian 

devices 

effectiveness 

(Effort) 

(Manual, a Commercial Testing tool, 

and the proposed framework). 

Merdes et 

al. [23] 

Evaluate the 

usefulness of the 

proposed 

approach for 

resource-aware 

software 

In vitro Software 

for Bidding at an 

auction house, 

developed by the 

researchers. 

Reliability In-vitro Simulation of resource 

scarceness in a PDA. 

The researchers created the test 

Item. 

The researchers defined the test 

Cases. 

Ryan and 

Gonsalves 

[24] 

Measure the 

effects of 

location and 

application types 

on usability 

Implementation of 

the same software 

Usability Researchers measured the effects of 

location and application types on 

usability, in an in-vitro environment. 

Satoh [25] Evaluate the 

usefulness of the 

proposed 

framework 

Authors´ 

implementation in 

their framework of 

service discovery 

software 

Interoperability Authors implemented an in-vitro 

environment with two services 

(Location based printing services and 

UPnP-based management system). 

The authors also defined the test 

cases. 

Tse et al. 

[13] 

Evaluate the 

applicability of 

the authors´ 

proposal 

An in-vitro 

implementation of 

a context-aware 

street light 

Functionality Authors´ provided implementation 

of the object of study (about 30 LOC). 

Wang et al. 

[27] 

Evaluate the 

proposed 

method and 

supporting 

framework 

The proposed 

framework 

Efficiency 

(number of test 

cases 

generated) and 

execution time 

An author’s modified version of Tour 

App, and variations of the proposed 

test case generation algorithms. 

Wang and 

Chan [26] 

Evaluate the 

feasibility of 

Context Diversity 

(authors´ 

proposal) as a 

coverage metric 

for CASS Test 

suits 

Test cases for a 

software system 

defined by the 

authors 

Test Coverage An in-vitro implementation of a 

Context-aware conveyor belt 

system. 

The Authors implemented the Test 

Item and defined the Test Cases. 

Wang et al. 

[28] 

Characterize 

how the 

proposed 

coverage metric 

(Context 

Diversity) can be 

used a predictor 

Test Cases 

generated by 

mutation of three 

applications 

available in Google 

Play 

Test Coverage Three available applications at 

Google play. 

The authors generated the Test 

Cases applying mutation testing 

algorithms 



Source Aim Object of Study With respect to In the context of 

of "goodness of 

test Suits." 

Yang et al. 

[29] 

Evaluate fault 

detection 

capabilities of 

the proposed 

approach 

In-vitro robotic car Detected faults 

Memory costs 

The researchers generated the test 

environment and the test cases, for 

their in-vitro implementation of a 

robotic car. 

Table 13 Comparison of primary sources experimental design 

The summary in Table 13 enables the following observations: 

 Regarding the aim of the experimental study: 

o Nine out of 12 experimental designs aim at establishing a validation of the 

authors proposal ([13], [19], [21]–[23], [25]–[27], [29]). 

o Amalfitano et al. [20] experimental design aim at showing that their proposed 

approach presents an improvement of existing technologies. 

o Ryan and Gonsalves[24] and Wang et al. [28] aim at understanding the effect of 

their proposed approach can have on a dependent variable. 

 Regarding the context of application of the experimental design: 

o Eight out of 12 executed the experimental study in in-vitro environments ([13], 

[19], [21], [23]–[25], [27], [29]). 

o The remainder four ([20], [22], [27], [28]) took advantage of open source 

applications or applications available in mobile marketplaces. In all of these 

cases, test cases were generated by the researchers. 

6.4. RQ1: Which are the existing methods for testing CASS? 

To standardize the testing methods obtained from the primary sources to enable a better 

analysis, we used the ISO/IEC/IEEE 29119 part 4 [67] Test Design Techniques and ISO/IEC 

25010:2011 [42] Test Type classification. Table 14 shows the results of this classification process, 

which was not straightforward since none of the primary sources classified the testing method 

they had used in their work. Therefore, the column “TEST DESIGN TECHNIQUE (ISO 29119)” 

includes our interpretation of the test design technique after a close study of each primary study. 

In contrast, 8 out of 12 primary sources named the Test Type used. Still, after extracting the Test 

Type, only 3 out of 12 primary sources used the Test Type names presented in the international 

standard. We further develop these results in [68]. 

ARTICLE TEST DESIGN 
TECHNIQUE 
(ISO 29119) 

TEST TYPE 
(Primary sources of 

information) 

TEST TYPE 
(ISO/IEC 25010) 

Alsos and Dahl [19] Scenario Testing Usability Comparative 
Testing 

Usability Testing 

Amalfitano et al.[20] Error Guessing Exploratory Testing Procedure Testing 

Jiang et al. [22] Functional Testing None Compatibility Testing 

Canfora et al. [21] Scenario Testing User Experience Testing Usability Testing 

Merdes et al.[23] Scenario Testing Run-Time testing Interoperability Testing 



Ryan and Gonsalves[24] Scenario Testing Usability Testing Usability Testing, 

Functional Testing 

Satoh [25] None Interoperability Testing Compatibility Testing, 

Interoperability Testing 

Tse et al. [13] Scenario Testing Metamorphic testing Functional Testing 

Wang et al. [27] Scenario Testing None Functional Testing 

Wang and Chan [26].  Syntax Testing None Compatibility Testing 

Wang et al. [28] Branch Testing Coverage-based Testing Procedure Testing 

Yang et al. [29] Branch Testing None Procedure Testing 

Table 14 Classification of technical literature Test Design Techniques and Test Types 

By observing Table 14, the following comments can be drawn: 

 Three out of 12 times the primary sources and ISO/IEC 25010:2011 classifications 

coincide regarding the testing type, indicating a possible lack of consensus over the 

international standard classification taxonomy. 

 The most used Test Design Technique was Scenario Testing (6 out of 12). 

Conclusion:  

Table 14 summarizes the existing methods for testing CASS. Almost all authors are using test 

design techniques that can be mapped to the International Standard (except [25]).  

There is a lack of consensus between the Test Types defined in the international standards and 

the technique name used by the primary sources. It might just mean that the ISO/IEC 

25010:2011 naming conventions are still too new for the authors, eight out of twelve sources 

appeared before 2011 ([13], [19], [22]–[27]). However, in turn, it should be expected that [20], 

[21], [28] and [29] have used the standard’s naming convention. 

6.5. SRQ1: What is the effectiveness obtained by each one of the 

identified testing methods? 

Only two of the identified sources deal with the effectiveness evaluation of the test approach. 

Wang and Chan [26] proposed the metric “Context Diversity.” This metric is a proxy for 

measuring coverage of Test Suites. As we have already mentioned in Section 6.3, their results 

[26], [28] strength the assumption that Context Diversity is a good proxy for coverage of test 

suites when the test item is a CASS. Therefore, the greater the metric value, the most likely the 

test input is to reveal a defect. 

Yang et al.[29] are concerned with the effectiveness of their proposed approach. In their 

experimental design, they consider how the perceived likelihood of failure correlates with the 

observed failures in the experiment by manually designing test suites with negative test cases, 

and observing how their approach finds similar fail cases. Furthermore, they compare different 

implementations of their approach to further evaluating its effectiveness. 

Conclusion: Only two out of 12 sources have dealt with the problem of assessing the 

effectiveness of the proposed technique for testing CASS. Further research is needed to evaluate 



whether the test techniques used for testing CASS can provide better effectiveness than 

traditional testing techniques. 

6.6. Discussion: Is there any software technology that we can call 

Context-Aware Testing? 

6.6.1. Lack of consensus regarding the meaning of software testing 

Arguably, the most striking observation is the diversity of approaches the primary sources define 

to fit under the umbrella of “Software Testing.” As we mention in Section 2, Software testing is 

a discipline within Software Engineering that should be well established. Nonetheless, it was 

striking to observe a variety of terms identifying the same elements for the test case abstraction 

presented in Section 2, and for the test types names and test design techniques (Table 14). 

After an extensive study and use of the ISO/IEC/IEEE 29119:2013-1 [36] international standard, 

we also claim that its definition of software testing is not rigorous enough to solve the problem 

of standardization terms. As stated, the purpose of such standard is “to define an internationally-

agreed set of standards for software testing that can be used by any organization when 

performing any form of software testing”. Part 1, which includes the reference terms, defines 

software testing as: “Set of activities conducted to facilitate the discovery and/or evaluation of 

properties of one or more Test Items.” Moreover, further explains that “testing activities could 

include planning, preparation, execution, reporting, and management activities, insofar as they 

are directed towards testing” [36]. It is too broad for a definition. First and foremost, it makes 

no explicit reference towards the need of a test oracle, as evidenced in the field [69]. The reader 

needs to browse through a series of definitions until they lead to the term “Expected Result,” 

which we have defined in Section 2. This definition aligns with Adrion et al. [70] as “a source to 

determine expected results to compare with the actual result of” the test item. As such, we stress 

the interpretation that a test oracle does not necessarily mean the need to a precise, 

unambiguous test input expectation. It is just a tool to interpret the test item Specification with 

enough level of detail that can enable software testers to provide a good Pass or Fail judgment 

after the execution of a test case [69]. For Instance, Tse et al. [13] define a metamorphic 

relationship between the test Input and test output as an oracle, which enables them to pass 

judgment on the test cases, which is perfectly acceptable by definition in the standard, which 

we are abiding by in this work. 

On the other hand, as Table 14 presented, the primary sources do not agree on a terminology 

for Test Design and Test Types. Even accounting for the publishing timeline of the technical 

literature and the international standard, most sources fail to acknowledge the existence of a 

standardized terminology. We believe this is a drawback for advancing software engineering 

knowledge because it makes difficult to interpret and aggregate results from different sources 

whether they use different names for the same concepts [71]. Other researchers in areas 

different from CASS [69] previously identified the problem regarding the meaning of software 

testing. 

6.6.2. Moderate lack of consensus regarding context-aware 



There is a moderate lack of consensus on what the primary sources describe as context.  

Six out of twelve of the primary sources provide no definition of context  or context-aware ([21]–

[23], [25], [28], [29]).  

Three out of twelve authors provide their definition of context. Alsos and Dhal [19] declare that 

context is the “social and physical context in which the evaluation is performed.” Tse [13] defines 

context as “any information characterizing its environmental situation.” Moreover, Wang and 

Chan [26], though not explicitly defining context, define the concept of context instance that is 

the set of the current values sensed by the CASS at any given moment. 

Ryan and Gonsalves [24] cite the definition by Tarasewich [64], where context is more than 

“simple geographical location to encompass the physical environment, users or participants, the 

activities in which they are involved, and the interaction between.” 

Finally, two5 ([20], [27]) of the included sources use the definition by Dey and Abowd [7]. For 

these authors, context is: “any information that can be used to characterize the situation of an 

entity. An entity is a person, place, or object that is including the user and applications 

themselves”.  

Table 15 presents the extracted evidence for the previous statements. 

Source Context Definition Context Variables 

in the experiment 

Study type Strategy for dealing with 

context variables 

Alsos and Dhal 

[19] 

the social and physical 

context in which the 

evaluation is performed. 

Location Experiment - 

Amalfitano et al. 

[20] 

Abowd et al.[58]  Location; Device 

orientation, and; 

OS interruptions 

(SMS, Phone calls) 

Case study Test Cases with context 

variable defined are 

generated with mutation 

based and exploration 

based techniques 

Canfora et al. 

[21] 

Not defined Phone speed; 

User profile 

Case study - 

Jiang et al.[22] Not defined Device type Case study Simulates values Tester-

defined context variables in 

the Test Cases during test 

case execution 

Merdes et al. 

[23] 

Not defined Device Resources 

(processor) 

Case study - 

Ryan and 

Gonsalves [24] Tarasewich [64] location Case study N/A 

                                                           
5 There are two works by  authors Dey and Abowd that share the same title (references [7] and [58]). Both 
paper share the same definition of context, we decided to cite the references used by each source in Table 
15, and use [7] for our reference throughout the text. 



Source Context Definition Context Variables 

in the experiment 

Study type Strategy for dealing with 

context variables 

Satoh [25] Not defined Location Case study Context simulated within a 

framework 

Tse et al. [13] It is any information 

characterizing an 

environmental situation.  

Illumination, Time Case Study Dynamic generation of test 

input and test oracles based 

on existing test suites 

(metamorphic testing). 

Wang et al. [27] Dey and Abowd [7]  Location; User 

interest; Context-

scenarios 

Case study Simulating context values 

based on the indication of 

Context-aware points in 

the application. 

Wang and Chan 

[26] 

Not defined. Instead 

Context Instance: A 

context instance a set of 

the current values sensed 

by the CASS at any given 

moment. 

Location (indoor) Case study Optimize computer 

generated test suites 

guided by Context Diversity 

Wang et al. [28] Not defined N/A Experiment Dynamic generation of test 

input, test oracles based on 

existing test suites 

Yang et al. [29] Not defined Object location; 

Obstacle location 

Case study Analyze all possible path 

from starting position to 

goal position 

Table 15 Summary of context related concepts in the primary sources 

It is our understanding that different concepts are being mixed and aggregated: “context” (it is 
elusive since our interest lies in the diversity of context variables and their possible values at any given 

moment of the application execution); “context-aware” (the ability of a software system on 
perceiving context variables changes); and “test environment” (it should always be 
characterized in terms of software requirements, such as screen size, orientation, memory size 
or even physical settings like in Alsos and Dhal [19]).  

Despite all these conceptual diversity, Dey and Abowd [7] definition for context can nicely 

support the general characterization of the problem domain. Therefore, at the CAcTUS project, 

their definition has been phrased to highlight one of the project´s concerns: the actor-computer 

interaction.  This way, the context is understood in CAcTUS as “any information that can be used 

to characterize the situation of an entity (logical and physical objects present in the system’s 

environment) and its relations for the actor-computer interaction.”  We argue that this corollary 

makes it more adherent to our project´s aims as to the dual nature of context as discussed by 

Dourish [3] and considered by Pérez et al. [4] and Perera et al.[5]. It indicates the importance of 

the relationship between an actor (human or thing) and the context by hinting that context 

should be understood from the actor’s viewpoint (phenomenological). As a result, context-

awareness should also be understood from the stakeholder perspective. Where, a system can – 

despite being aware of a set of context variables - be oblivious to others.  



Moreover, context-aware had been previously described as “the ability of a software system on 

perceiving context variables changes,” implying that under the CAcTUS project perspective such 

changes can affect some behavior of the software system when supporting the actor computer 

interaction.  

We understand the test environment as defined by the ISO/IEC/IEEE 29119:2013-2, where such 

environments are: “facilities, hardware, software, firmware, procedures, and documentation 

intended for or used to perform testing of software.” 

The disambiguation between context and context-aware from test environment is essential for 

the Test Case design. While the former can vary with the stakeholders’ viewpoint and the 

relationships between actors and computers, the test environment can and should be derived 

from the test item specification. 

6.6.3. Missing evidence on testing of context-aware software systems  

In light of our understanding, we observed that none of the selected primary sources ([10], [19]–

[26], [72], [73]) supports the testing of CASS taking the variation of context into account during 

the testing performance. It means that they are using traditional non-context-aware testing 

methods to design the test cases and execute the tests. In CASS, a change in the context (context 

variation) can happen at any time during the software execution. When testing CASS, it should 

also be able to do so. However, in spite the fact that several (seven out of 12) of the selected 

primary sources have identified the problem of context variation, we have not observed – in 

their experimental design – that the testing technology allows for the change of context during 

testing (planning, design, and execution). All the experimental evidence we have studied fix the 

value of a context variable or rely on simulation during the execution of a test case. 

Therefore, we claim that all of the selected technical literature is using variations of conventional 

(non-context-aware) testing methods and applying them to CASS.  

The evidence for this claim on each of the primary sources follows: 

 Alsos and Dahl [19] generate test case scenarios for the usability evaluation of human-

computer interaction. Their only context-aware variable is location, which is kept fixed 

during testing execution to a set of values constrained by their experimental settings. 

 Amalfitano et al. [20] provide a sandbox where context applications can be executed. 

Their sandbox allows for the tampering of context values, but there is no reference to 

the existence of a test oracle in each set of inputs generated by their tool. 

 Jiang et al. [22] argue for the complexities of testing CASS, but their experimental design 

does not control context-aware variables. The authors design the experiment around 

three different smart devices. It is not explicit in their report that the experimental 

subjects used context variables to design the test cases. Therefore, we argue that the 

authors had no control over the test case design results, nor we can claim that the 

resulting test cases included or not context variables in the definition. 

 Canfora et al. [21] make no reference to context variables in their experimental design. 

Like Jiang et al. [22], a smart device is used as an independent variable. There is no 



information in their work that the scenarios given to participants include context-aware 

variables. 

 Merdes et al. [23] provide a strategy to monitor a context variable (resources). 

Nonetheless, their selection of scenarios implies that they are in fact fixating the 

possible resource sensors values. Furthermore, the experimental design report did not 

mention the test item being tested, nor the data recollected from the independent 

variables. 

 Ryan and Gonsalves [24] report the inclusion of location as the only context variable in 

one of the scenarios of their experimental design. In this scenario, location is simulated 

by a “list of allowed restaurants within a one-kilometer radius of the current user 

location” [24], which is another form of limiting the possibilities where location can vary. 

 Satoh [25] provide a framework that emulates context-aware variables and dynamically 

stimulates the test item with values generated by this framework. As a result, the test 

item is detached from the actual context where it was designed to operate. 

 Tse et al. [13] generate new test cases based on a pre-identified relationship between 

test inputs and test outputs. Their approach aims at solving the problem of availability 

of an Oracle in CASS. Though their approach seems promising, and it could be made to 

fit in the conceptualization presented in Figure 6, in our opinion, the way they introduce 

the case study prevented us from generalizing their experimental results. On the one 

part, the test item was designed to be a proof of concept, which is a threat to the 

technique generalization. Furthermore, the case study does not explain how test cases 

are selected, and the authors describe an execution run that eventually leads to the 

failure identification. 

 Wang et al. [27] generate new test cases based on previous ones created by the testers. 

In their experiment, they create test cases by fixing the context variables values for 

location and users’ interest. 

 Wang and Chan [26] use context variables in the definition of their test cases, but once 

again, context variables values are fixed in the test case definition and do not vary during 

the test execution. 

 In Wang et al. [28], the objective is further to validate the Context Diversity metric as a 

measure of coverage for CASS. However, to do so, they need to generate lots of test 

suites automatically– by using mutation. It comes at a cost to the experimenter’s degree 

of control towards the context variable. Though we could argue that Context Diversity 

has been proved to be a good proxy for the inclusion of context variables in a test case, 

the fact remains that context variable values are fixed at test case design and run time. 

Furthermore, the introduction of mutation also introduces the weakness that no oracle 

is present in the mutant test suites. 

 Yang et al.’s [29] objective deals with a specific type of variation. Their approach regards 

measuring uncertainties concerned with the application’s sensors. In their approach, is 

not the context that changes, but the test environment is filled with uncertainties. These 

uncertainties, from the system perspective, make the environment subject to change. 

This subtlety is important, and it can be argued that their technique could be used in a 

changing context, nevertheless in their experimental approach, the context does not 

change during testing. 



We do agree with the authors of the selected primary sources that their proposals could have 

been used to derive context-aware test cases (as abstracted in Figure 6, Section 8). Nonetheless, 

considering the previous arguments, in all the studied experimental designs there is no 

experimental control – or they did not report it– regarding the context-aware variables in the 

test cases. In the previous sentence, experimental control refers to the degree of attention that 

authors have taken – or have reported – regarding the relationship between independent and 

dependent variables. Therefore, we claim that, based on the information relating to the 

experimental design acquired in the selected technical literature, there is not enough 

experimental control to assert that context-aware test cases have in fact been designed. 

Furthermore, for testing, as long as the context is restricted or fixed to a predefined set of values 

for the purpose of testing, the practitioner will always be faced with the tradeoff decision about 

effectiveness and test effort. This decision is always present in traditional testing methods for 

non-CASS. However, it is a challenge in the face of context and its possible variations. 

In summary, the experimental evidence suggests that to test context-aware software systems, 

both practitioners and researchers, are relying on fixing context values or on simulating context 

values. We argue that in the first alternative test cases can be defined, but the downside is that 

context variation cannot be addressed in the testing. By fixing the context values, coverage of a 

CASS suffers. With simulation, the downside is usually not a problem, but test cases (with 

expected outputs) are not part of the experimental setting. Therefore, in this case, we argue 

that these solutions are not testing the functionality of the software system, but verifying other 

quality attributes (i.e. robustness or availability). 

Finally, we want to reinforce that our point of view is strictly related to our discussion and is 

aimed at our current understanding of testing context-aware software systems (see Section 8), 

and not about the usefulness of the presented techniques. They have tackled important topics 

towards the understanding of testing context-aware software systems. Furthermore, by the 

nature of the research methods, we have not studied alternatives that do not present 

experimental evidence on the proposed approach.  

7. Threats to validity 

Throughout the qSLR protocol execution, we took care to reduce the exposure to threats that 

could jeopardize our results. These sections present a discussion of those we identified, 

mitigated, or chose to accept. 

7.1. Threat of missing technical literature 

The scope attained by the selected databases in which we executed the search string mitigated 

this threat. The previous experience [74] of one of the researchers established, at the time this 

research was carried out, this set of databases provide adequate range and minimum overlap. 

We discarded Google Scholar and ACM because their search algorithms might not warrant the 

repeatability of the results [47].  



Another source of this threat comes from the keyword-driven nature of searches. Despite the 

fact that we prioritize recall over precision, and evaluated a significant number of keywords as 

candidates to be included in the search string, the chance exists of missing relevant literature 

that does not use the keywords in the search string. 

Furthermore, this threat was also mitigated by the iterative nature in which we evolved the 

search string. As mentioned in Section 4.4, inclusion and exclusion of any keyword were always 

based on trial runs with the keyword on the selected databases. Moreover, we have not used 

the capability of the search engines to filter results by subject area. In contrast, the cutoff date 

in the year 2000 could mean that there is some primary study which we might have missed. 

Finally, to further mitigate this threat, we performed Snowballing [48] from the selected primary 

studies to identify any relevant technical literature which they were referencing, and for some 

reason, we might have missed. Snowballing is the process of identifying new literature based on 

the citations of a pre-defined starting list of references [48]. During this Snowballing process, we 

reviewed all referenced citations from the selected technical literature published before the 

cutoff date. The results from this process found no additional primary study in the references 

that would pass the inclusion criteria. Table 16 presents the traceability between the included 

technical literature, and the identified relevant sources together with their publication year.  

We used Scopus and Google Scholar to perform forward snowballing from the selected sources. 

Again, we found no results that passed the inclusion/exclusion criteria. Table 17 presents the 

newly identified sources (excluding those previously reviewed during the qSLR process), 

references in bold were those added to the set of included papers. 

Original Source Snowballed source Year 

Merdes et al.[23] Wang et al. [75] 1998 
Satoh [25] Abowd et al. [76] 1996 

Schilit et al. [77] 1994 

Table 16 Backward Snowballing results 

As a final note, the qSLR process focused strictly on scientific literature. We make no claims 

about the availability of evidence on other approaches published in other types of sources, such 

as technical reports, gray literature or practitioners’ reports (apart from those identified in 

Section 3). 

Original Source Snowballed source Year 

Jiang et al. [22] Yongfeng et al. [78] 2009 
Lahami et al. [79] 2012 

Merdes et al.[23] Lahami et al. [80] 2012 
Ryan and Gonsalves [24] Navarro et al. [81] 2014 

Hummel et al. [82] 2009 
Satoh [25] Chan et al. [83] 2006 

Navarro et al. [81] 2014 
Püschel et al. [84] 2012 

Wang et al. [28] Lian et al. [85] 2014 
 Yang et al. [29] 2014 
Wang and Chan [26]. Wang et al. [28]  2014 

Table 17 Forward Snowballing results 

7.2. Threat of selection bias 



The process used for the sources selection mitigated this threat. As mentioned in Section 4.5, all 

researchers had an equal vote weight in the selection process. Therefore, we mitigated personal 

bias. Furthermore, as detailed in Section 4.6, when more than one researcher marked as Doubt, 

the primary source would be discussed regarding the inclusion/exclusion criteria. We argue that 

this served to calibrate the votes of the researchers better. 

7.3. Inaccuracy of data extraction 

The iterative execution nature of the qSLR protocol and the peer review applied by the 

researchers mitigated this threat. Furthermore, the use of inter-rater reliability measures for 

categorical information on the extraction forms enhanced the confidence that the researchers 

are aligned into the meaning of each extraction.  

7.4. Bias on synthesis of information 

The use of already established taxonomies for data aggregation mitigated this threat. Extensive 

effort was put forth in obtaining shared categories understanding in each of the used 

taxonomies. This shared understanding can differ from the understanding of others. A more 

subtle source of this threat comes from the fact that ISO/IEC/IEEE 29119 part 4 [67] was in 

international draft status – at the time of the analysis. Therefore, the category used for Test 

Type can have modifications shortly. 

In addition to this, the fact that we were not able to classify two of the twelve primary sources 

– see Table 14 – could also pose a threat to some of our conclusions since they represent almost 

14% of our sample. 

7.5. Bias due to lack of control articles 

 No mitigation was possible to this menace. During the initial trials and previous ad-hoc research 

in the field, we did not find any reference to using as control article for the qSLR protocol. As a 

result, it is possible that the search string can be biased towards the outcomes of the initial trials. 

Nevertheless, we did recognize this threat early during the development of the qSLR protocol 

and decided to mitigate it by not rejecting any keyword that our trial indicated that could bring, 

at least, one paper fitting the inclusion criteria. 

7.6. Construct validity threat stemming from ISO/IEC/IEEE 

29119 Test Type classifications 

A construct validity regarding our interpretation and aggregation of data derives from the fact 

that we used the ISO/IEC/IEEE 29119:2013 standard as a reference for software testing 

taxonomies and vocabulary. By design, we envisioned that normalization to the vocabulary of 

the Standard would strengthen the analysis. As a drawback, the standard introduces two threats 

to the study validity. First, the fact that part 4 was in draft status at the time of the data analysis. 

Secondly, that we have come to question the definitions foundation in ISO/IEC/IEEE 29119:2013 



[36] (see section 6.6.1), which inherently introduce threats to construct validity to the 

discussions. 

7.7. Construct validity of the selected primary sources 

classification of Test Types and Test Design Techniques  

The classification process (detailed in section 6.4 and in [68]) takes two different inputs that 

might have been subject to misinterpretation. On the one hand, the ISO/IEC/IEEE 29119 

standard with its limitations as discussed in the previous sub-section. On the contrary, to classify 

each study into a category, we based ourselves on our best judgment and the reports. There 

exists the chance that the primary sources’ authors had, in fact, tried a different approach than 

the one that we interpreted from their report. 

7.8. Construct validity of quality of selected studies 

There is a possible source of threat to this study validity coming from the spread of the selected 

primary sources quality evaluation points (see Table 12). It could be an indication that the 

included sources, which were treated as comparable throughout this research, are not 

comparable and belong to different types of research. At least, studying the selected primary 

sources, it can be observed that five of 12 deal with Usability Testing ([19], [21], [23], [24]), that 

at least can create two different types of research that could have been treated differently. This 

claim can also be observed in Figure 3, and Figure 4 where both analyzes left remote nodes in 

the included technical literature. Nonetheless, given the number of primary sources retrieved 

by the qSLR protocol, we decided to accept this threat to gather more evidence for our study. 

8. How to define the testing of context-aware software (proposal and 

challenges) 

With our current understanding of the testing of context-aware software, we envision a type of 

software testing that does not impose constraints to the variation of context during test design 

or test execution. It means that a context variation is allowed unrestraint when executing the 

test item as it would be in the production environment where the software system will execute. 

During the qSLR data analysis phase, we observed how some authors ([19], [21], [22], [24]) did 

not distinguish between Test input and context variables (see Figure 5). The problem with this 

approach is that, if current testing methods can not completely cover the test input space of a 

non-context-aware application, the variation that context brings into this test space will make 

for a limited suite of test cases coverage. Therefore, this solution limits the possible coverage of 

the resulting test cases. 



 

Figure 5  Elements of a traditional (not- Context-Aware) Test Case 

Most of the technical literature we have reviewed mention context variation as one of the key 

challenges for testing CASS [13], [22]–[24], [27].  

Upon our review of the experimental results obtained by the qSLR, we argue that the design of 
test cases should use context as a separate abstraction. We claim that context has an influence 
on the behavior of the test item and the test oracle. We argue that if this abstraction is not taken 
into account when designing test cases then, the software tester is left to applying elaborate 
variations of non-context-aware testing methods.  

Our vision of context-aware software testing is to identify a technique for designing test cases 
that take into consideration the context variation and its influence in the test oracle and the test 
item (Figure 6). In Section 6.6.3, we argue that this conceptualization is only partially enacted in 
the selected technical literature. This distinction has been the concern of some of our studied 
literature ([13], [20], [26], [28]) albeit with little or no experimental evidence reported.  

 

Figure 6 Elements of a Context-Aware test case 

For exemplification purposes, we borrow the self-driving-car scenario presented in [29]. In this 

scenario, a self-driving car must sense its distance to obstacles before deciding how to continue. 

The self-driving car has four possible actions: move forward, move backward, turn right and turn 

left. A context aware test case concerned with the functionality of turning right would 

differentiate context variables (distance to objects) from test input variables (angle of turn). 

According to the conceptual representation in Figure 6, a context aware test case would define 



the values for the input variables, and the behavior expectations by context variances specified 

in the test oracle. The expectation would be to achieve a right turn. During the execution of the 

test case, the values of the context variables (distance to objects) would be left open to varying 

(observing stringent and possible limits). Consequently, this variation of values can influence the 

observed system’s behavior, which is compared to the expected behavior as specified in the test 

oracle to determine whether the system fails or not. In this example, the variation could come 

in the form of moving objects while the CASS system is intended to complete its right turn.  

Furthermore, this vision for context-aware software testing brings on the challenge that it is 

unlikely that we can define a test oracle for all possible values (and/or a combination of values) 

that can stimulate the context-aware test item. Figure 7 presents a possible abstraction to it. In 

this figure, the horizontal axis represents definable test scenarios; the vertical axis represents 

the context-aware variables, and the Z axis represents the test oracle/specifications for the test 

item. Figure 7 intends to convey that context-aware software testing will only be able to be 

implemented in those space points where the specification (pyramids), test cases, and context 

variables values can be defined. The remainder of the input space (the universe of all possible 

combinations of input values), cannot be subject to the test of context-aware software systems– 

or until a test oracle is defined for a specific combination. In Figure 7, the lighter the color, the 

closer the specification is to a non-context aware software system. Besides, darker pyramids 

represent context-aware functionalities of the software system. 

 

Figure 7 Abstracting the problem of context-aware tests spaces 



Clearly, defining a test oracle for each possible combination although possible is not feasible. 

Therefore, techniques for the testing of context-aware software system must be derived to face 

and overcome this problem. However, the observed techniques do not consider the variation of 

context during testing execution. Such techniques fix the value of context variables during the 

test case design or execution, what naturally reduces testing coverage by not allowing to 

observe the effect of context changing in the software system during testing activities.  

9. Conclusions 

We have conducted a quasi-Systematic Literature Review to identify evidence on which 

methods could be used for testing CASS and determining the effectiveness levels that each of 

the identified methods can attain. 

The qSLR process had selected 12 relevant primary sources. These sources satisfied our 

Inclusion/exclusion criteria and supported the research questions discussions. From the study 

of these sources the following conclusions emerge: 

 Moderate lack of consensus regarding context-aware. The reviewed primary sources 

show that five out of 12 sources did not define context or context-aware. The rest of the 

sources either proposed a definition or use the definitions by Dey and Abowd [7] or 

Tarasewich [64]. In our case, Dey and Abowd [7] definition seem adequate to delineate 

the general problem domain and, therefore, it has been phrased to support the CAcTUS 

project perspectives. 

 Context and Test Environment are two different concepts. We argue that context as 

understood by Dey and Abowd [7] and Test Environment as defined by the ISO/IEC/IEEE 

29119:2013 international standard are two different concepts. For testing CASS, context 

is an intrinsic property of the Test Item and should not be controlled. In contrast, the 

Test Environment can and should be defined at Test design time, and implemented 

during the dynamic execution of the test item. 

 Lack of consensus regarding the meaning of software testing. Even though all included 

sources executed a CASS with the intention of finding defects or evaluating a chosen 

quality attribute, the 12 analyzed primary sources showed different understanding of 

what software testing is. Furthermore, when contrasting their knowledge of software 

testing with the ISO/IEC/IEEE 29119:2013 international standard it is our appreciation 

that the Standard makes the definition of software testing too broad to allow almost 

any sort of quality assurance technique to be defined as software testing. 

Missing evidence on testing of context-aware software systems. With this understanding of 

context, context-aware, and software testing, we conclude that, as far as we were able to 

investigate, no evidence has been found in the technical literature of a method that takes 

context variation into consideration when testing software systems according to the expected 

dynamic of context-awareness. The observed methods either test the software system by fixing 

the value of a context variable or rely on simulation to evaluate the availability or robustness of 

the software systems. We explicitly make the distinction between testing for the fulfillment of 

functionality (test specification), against dynamically executing the application to uncover faults.  



With this state of affairs, practitioners looking to assure the quality of their CASS systems have 

few options. There is evidence of evaluation of software usability. The availability and 

robustness can be evaluated using simulation environments and investing in test automation. 

Finally, the evidence on functional testing for CASS is narrowed to the possibility of fixating 

context variables values and design time and executing the CASS disregarding the variation of 

context. 

Considering this evidence, we argue that new context-aware test methods for testing CASS must 

be developed, or more extensive research is needed into the suitability of traditional test case 

design for CASS. We are currently working on the development and evaluation of a context-

aware method for testing CASS [86]. We envision a method that does not fixate values for 

context variables during the test case design. Therefore, the method would allow for the 

variations in the context that the software applications would experience in its intended 

operational environment. We foresee that a challenge to this vision is the availability of test 

oracles to accompany the variation of context. It is unlikely that a complete specification exists 

that can take care of all possible test input spaces within each possible context.  
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