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Article

A Systematic Method for Evaluating the Generalizability
of Mobile-Specific Research: Green Computing as a Case
Study
Robin Nunkesser

Hamm-Lippstadt University of Applied Sciences, Marker Allee 76–78, 59063 Hamm, Germany; robin.nunkesser@hshl.de

Abstract

Mobile Software Engineering has emerged as a distinct subfield, raising questions about the transfer-
ability of its research findings to general Software Engineering. This paper addresses the challenge
of evaluating the generalizability of mobile-specific research, using Green Computing as a represen-
tative case. We propose a systematic method that combines a mapping study to identify potentially
overlooked mobile-specific papers with a focused literature review to assess their broader relevance.
Applying this approach, we find that several mobile-specific studies offer insights applicable beyond
their original context, particularly in areas such as energy efficiency guidelines, measurement, and
trade-offs. The results demonstrate that systematic identification and evaluation can reveal valuable
contributions for the wider Software Engineering community. The proposed method provides a
structured framework for future research to assess the generalizability of findings from specialized
domains, fostering greater integration and knowledge transfer across Software Engineering disciplines.

Keywords: systematic mapping study; systematic literature review; software engineering; mobile
software engineering; green computing; energy efficiency

1. Introduction
Recent studies, such as [1,2], have identified a temporary split-off of mobile-specific research,

resulting in the emergence of Mobile Software Engineering as a distinct subfield. This separation has led
to the development of specialized research communities and the potential for valuable mobile-specific
findings to remain siloed, rather than informing the broader Software Engineering discipline. Notably,
[3] highlights Energy Efficiency—an essential aspect of Green Computing—as a prime example where
mobile-specific research may offer insights with wider applicability.

Green Computing, as defined by [4], encompasses research focused on reducing the energy
consumption of computing systems, with implications spanning both hardware and software do-
mains. While energy efficiency is a universal concern across all computing platforms, it is particularly
critical in the context of mobile devices and applications due to inherent constraints such as limited
battery capacity and the need for prolonged device autonomy. Green Computing research within
Mobile Software Engineering has produced a wealth of studies addressing energy-efficient design,
development, and deployment of mobile applications. It is therefore imperative to assess whether
these mobile-specific findings can be generalized to inform energy efficiency practices in the broader
Software Engineering landscape.

A systematic mapping conducted by [3] already identified at least 32 publications addressing
Energy Efficiency within Mobile Software Engineering. However, the extent to which the findings
from these mobile-specific studies can be generalized to the broader field of Software Engineering
remains largely unexplored. This gap underscores the need for a structured approach to evaluate the
transferability of mobile-specific research outcomes.

In response, this paper proposes a systematic method for assessing the generalizability of mobile-specific
research, using Green Computing as a representative case study. Building upon the foundation established by
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prior work, we aim to (i) systematically identify mobile-specific research contributions in the area of energy
efficiency, (ii) analyze their relevance and potential impact on general Software Engineering practices, and
(iii) provide a methodological framework that can be applied to other specialized domains. Through this
approach, we seek to bridge the divide between specialized and general research communities, ensuring that
significant findings are leveraged to advance the field as a whole.

2. Materials and Methods
This paper proposes a systematic method for evaluating the generalizability of mobile-specific

research findings. The method is designed to be applicable across various research domains. As a
case study, we focus on Green Computing within the context of Mobile Software Engineering. To
contextualize our approach, we first briefly revisit the emergence of Mobile Software Engineering as a
distinct subfield.

2.1. Mobile Software Engineering

The emergence of Mobile Software Engineering as a distinct subfield has been driven by the
unique challenges and requirements associated with mobile application development. Mobile devices,
characterized by their portability, limited resources, and diverse operating environments, necessitate
specialized approaches to software design, development, testing, and maintenance. As a result,
researchers and practitioners have increasingly focused on addressing these mobile-specific concerns,
leading to the establishment of dedicated conferences, journals, and research communities.

The recognition of Mobile Software Engineering as a separate discipline has prompted discussions
regarding the transferability of its research findings to the broader Software Engineering community.
In particular, there is a growing interest in understanding whether insights gained from mobile-specific
studies can inform general software development practices, especially in areas such as energy efficiency,
performance optimization, and user experience.

[2] describes the temporary split-off of Mobile Software Engineering as an opportunity:

Systematically looking at mobile-specific results and checking whether they are generalizable
offers opportunities for research.

According to [3] "energy efficiency, defect analysis, and maintenance seem to be very promising"
areas for this (this is motivated by the systematic map shown in Figure 1).
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Figure 1. Systematic Map of Mobile Software Engineering (originally published in [3]).

The systematic map shows that Energy Efficiency as part of Green Computing is one of the areas
where mobile-specific research has produced a considerable number of publications. Therefore, we
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will use Green Computing as a case study to demonstrate the proposed method. Other prominent
candidates for case studies would be Defect Analysis or Maintenance.

The methodological approach to check whether mobile-specific results are generalizable is based
on a combination of systematic review methods. Therefore, we will briefly introduce the systematic
review methods used in this paper.

2.2. Systematic Review

Systematic research methods have become increasingly important in Software Engineering since
the seminal work of [5]. Among these, the systematic literature review (SLR) is now a well-established
approach for providing a comprehensive overview of existing literature within a specific domain.
However, conducting an SLR is often time-consuming and resource-intensive.

To address these challenges, Bailey et al. [6] introduced the concept of a systematic mapping
study (SMS) see also [7,8] as a precursor to an SLR. An SMS is a form of secondary study that offers
a broad overview of primary studies in a given area. While less rigorous than an SLR, an SMS is
valuable for mapping the landscape of existing research and identifying key topics and trends. SMSs
are particularly useful for scoping out research areas and identifying gaps in the literature.

In this work, we propose an intertwined method that combines a systematic mapping study with
a systematic literature review to evaluate the generalizability of mobile-specific research findings. The
first phase concentrates on ideas of systematic mapping studies to identify research that may have
received limited attention, potentially due to the emergence of distinct research communities following
the split-off of Mobile Software Engineering. Rather than focusing solely on the most prominent
publications, our approach aims to uncover studies that may have been overlooked by the broader
Software Engineering community. The systematic map thus serves as a foundation for identifying
relevant mobile-specific research.

The second phase involves conducting a systematic literature review, adapted to assess the gener-
alizability of the findings from the identified mobile-specific studies. This review focuses on evaluating
whether the insights and results from these studies can be applied to general Software Engineering
contexts. By combining these two systematic approaches, we aim to provide a comprehensive method
for assessing the transferability of mobile-specific research findings.

This approach not only facilitates the identification of potentially overlooked research but also enables
a structured evaluation of its broader relevance. The integration of systematic mapping and literature
review methods offers a robust framework for exploring the generalizability of specialized research domains,
ultimately contributing to a more cohesive understanding of Software Engineering as a whole.

The overall process of the combined study is illustrated in Figure 2. The figure also shows how
the steps of the systematic mapping study and the systematic literature review are intertwined in this
combined approach. The review protocol is marked as part of SLRs, as it is optional for SMSs. Bailey
et al. [6] mention that the review protocol will generally be much shorter for an SMS than for an SLR.
Petersen et al. [8] do not mention the review protocol in their description of SMSs and therefore we
decided to mark it as part of SLRs only. In our proposed method, the review protocol is also optional
and typically rather short if used.

The data extraction step typically used in SLRs has to be adapted in this combined method. Data
extraction typically operates on the assumption that all papers share the same context. In our case, we
have to extract data from mobile-specific papers and analyze whether the results are generalizable to a
broader context. Therefore, we have to adapt the data extraction step to focus on the generalizability
of the results reported in the mobile-specific papers.

If the number of papers found in the systematic mapping is small enough, it may be possible
to substitute the data extraction step with a full-text analysis of all mobile-specific papers found in
the mapping study. In this case, the full-text analysis would directly assess the generalizability of the
results reported in the mobile-specific papers.
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Figure 2. Steps and outcomes in a Combined Generalizability Study.
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2.3. Related Work

This work extends the findings of [3], building upon the delineation of Mobile Software Engineer-
ing as discussed in [1,2]. The methodological framework is informed by established guidelines for
systematic studies in Software Engineering, notably [6,8,9].

While comprehensive literature reviews on Green Computing exist (see, e.g., [10–12]) and further
background on Green Software Engineering can be found in [13], this paper introduces a targeted
review methodology for evaluating the generalizability of mobile-specific research. Systematic Map-
ping Studies and Systematic Literature Reviews are now widely recognized in Software Engineering
research, with related systematic reviews provided by [14–16].

To the best of our knowledge, this is the first study to integrate a systematic mapping study with
a systematic literature review specifically to assess the generalizability of specific research findings to
the broader Software Engineering domain.

3. Results
This section presents the findings from our intertwined systematic mapping study and literature

review. As outlined in the Methods section, we focus on Green Computing as a case study to evaluate
the generalizability of mobile-specific research findings. The results are structured according to the
steps of the study. Some steps are only briefly described or omitted here, if they do not contribute
significantly to the overall findings.

3.1. Research Questions

It is important to look carefully at what kind of papers we want to consider. We focus on mobile
specific papers related to software engineering and green computing.

The research questions for the Mapping Study are:

RQ1 Does siloed mobile-specific research exist?

RQ2 Which mobile-specific papers seem to be generalizable?

RQ2.1 Which generalizable topics are covered by the papers?

RQ2.2 Which generalizable results are reported by the papers?

Note, that theses questions are applicable to other research areas as well. Also note, that the
questions build upon each other. RQ1 is a prerequisite for RQ2 and may make RQ2 obsolete if the
answer to RQ1 is negative. RQ2.1 and RQ2.2 are sub-questions of RQ2 and will be applied in the
systematic literature review to analyze the generalizable papers found in the systematic mapping.

3.2. Conduct Search

As a first step, we will use the following searches and search terms:

ST1 In the Clarivate Web of Science database, search for:
Topic (TS) is "Green Computing" or "Energy Consumption" or "Energy Efficiency"
∧ TS is "Mobile" or "iOS" or "Android"
∧ Web of Science Category (WC) is "Computer Science Software Engineering"

ST2 In the Scopus database, search for:
Title, Abstract, or Keywords (TITLE-ABS-KEY) contain "Green Computing" or "Energy Con-
sumption" or "Energy Efficiency"
∧ TITLE-ABS-KEY contains "iOS" or "Android"
∧ Subject Area (SUBJAREA) is "Computer Science" (COMP)

ST3 All mobile-specific Green Computing papers reported by Nunkesser [3]

Note, that the tags used in the search terms are specific to the respective databases. The Scopus
Subject Area "COMP" is broader than the Web of Science Category "Computer Science Software
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Engineering". Additionally, the tag TITLE-ABS-KEY is much broader than the TS tag used in Web
of Science. Therefore, we cannot include the rather unspecific search term "Mobile" in ST2 without
generating an unmanageable number of papers.

Remember, that our motivation is to find papers that may have been overlooked by the general
Software Engineering community. Therefore, the search is restricted to the Web of Science Category
"Computer Science Software Engineering".

In ST1 and ST2 the search is further restricted to conference papers and journal articles in English.
Table 1 gives a summary of the number of papers found for each search.

Table 1. Number of papers found for the searches.

Search Source Papers

ST1 Clarivate Web of Science 1.538
ST2 Scopus 1.342
ST3 Nunkesser [3] 32

3.3. Select Studies

The next step is to screen the papers found in the search using inclusion and exclusion criteria.
Due to the specific nature of the searches in the preceding step, we only need exclusion criteria. The
exclusion criteria are:

EC1 Duplicates of papers returned by ST1, ST2, and ST3

EC2 Papers not published in Mobile Software Engineering specific journals or conference proceedings

EC3 Papers with less than four pages

Again, the motivation for the exclusion criteria is to find papers that may have been overlooked by
the general Software Engineering community. All papers not published in Mobile Software Engineering
specific journals or conference proceedings are excluded because they literally have already been
considered by the general Software Engineering community. After applying the exclusion criteria, we
will have a set of papers that will be used for the next step. Due to the list of journals and conference
proceedings considered Mobile Software Engineering specific being rather short, EC2 is the most
important exclusion criterion. The exclusion of papers based on EC3 is motivated by the fact that
these papers are mostly demo papers or short papers that do not provide enough information to be
considered for generalization. As EC2 results in a list of journals and conference proceedings, it is easy
to check, that EC3 is not redundant and not to strict.

The number of papers after applying the exclusion criteria is 42. While this may seem a low
number, it is a good result with regard to our target of strictly restricting the study to potentially
overlooked papers.

Due to space constraints, a comprehensive account of the exclusion process cannot be provided
here; however, selected examples are presented to illustrate the applied criteria. Journals like Sus-
tainable Computing: Informatics and Systems were excluded as they are not specific to Mobile Software
Engineering, despite their relevance to Green Computing. A journal like IEEE Transactions on Mobile
Computing, although frequently appearing in the search results, was excluded because it focuses on
Mobile Computing rather than specifically on Mobile Software Engineering. Conference proceedings
from events such as ICSE and FSE were also excluded, as papers published in these venues are already
part of the general Software Engineering discourse.

3.4. Keywording and Data Extraction

The keywording or classifying of the papers uses the titles and abstracts of the papers and all
papers directly citing the considered papers. The keywords are used to map the papers to the research
questions. We distinguish between the following categories:
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• Mobile specific papers (not generalizable)
• Potentially generalizable papers

3.5. Systematic Mapping

The data extracted from the papers will be used to answer some of the research questions. As a
first step, we map the papers to one of three categories:

CAT1 Papers that where already cited in non mobile specific papers

CAT2 Papers that seem to be generalizable

CAT3 Papers that do not seem to be generalizable

Note, that this mapping is preliminary and subject to further validation through the systematic
literature review. Due to the subjective nature of the classification, we only use CAT3 if there is a very
clear indication that the paper is not generalizable.

Figure 3 shows the result of the mapping.
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Figure 3. Systematic Map of Citation Area and Generalizability..

The figure is our answer to RQ1. It shows that there is some connection between mobile-specific and
general research. However, there are still a considerable number of papers that have not yet been cited in non
mobile specific papers. It also gives a first answer to RQ2 by showing that there are potentially generalizable
papers. However, RQ2 can only be fully answered by conducting a systematic literature review of the
identified papers and will be addressed together with RQ2.1 and RQ2.2 in the following.

We will concentrate on two of the identified groups in the following: potentially generalizable
papers that were not yet cited in non mobile specific papers and papers that were already cited in
mobile specific and non mobile specific papers (and are therefore generalizable) with a maximum of
25% non mobile specific paper citations (nonetheless potentially overlooked). Note, that some of the
papers considered are fairly new and may not have been cited yet outside of mobile specific papers for
this reason alone.

Table 2 shows the papers resulting from this selection. The papers are from the following conferences:
DeMobile, ICOCOE, MOBILESoft, and SBESC. The number of citations is given in the last column.
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Table 2. Papers identified in the mapping study.

Paper Citations

Moshnyaga [17] 2
Ramasamy et al. [18] 4

Banerjee and Roychoudhury [19] 43
Banerjee et al. [20] 21

Lee et al. [21] 5
Banerjee and Roychoudhury [22] 12

Hall et al. [23] 2
Corbalan et al. [24] 16

Song et al. [25] 4
Rua et al. [26] 5

Malavolta et al. [27] 11
Rammos et al. [28] 1
Ferreira et al. [29] 2
Jacques et al. [30] 5

Bogdan and Malavolta [31] 1
Guégain [32] 0

Kurtz et al. [33] 2

3.6. Data Extraction and Synthesis

Due to the low number of papers, we do not need to use data extraction, as all papers can be
analyzed directly. The data extraction is therefore integrated into the data synthesis step.

The data synthesis for our case is based on a descriptive synthesis for papers covering the same
topics. We do not expect a lot of overlap between the papers, so apart from the synthesis, we will also
provide a summary of individual results.

3.7. Report

The results of the systematic literature review are presented in the following section. We distinguish
between generalizable topics (answering RQ2.1) and generalizable individual results (answering RQ2.2).

3.7.1. Synthesis of Results

In the following, we will provide a synthesis of the results of the papers identified in the mapping
study. The following topics are covered by at least two of the papers:

• Guidelines for Energy Efficiency
• Trade-off Between QoS and Energy Efficiency
• Energy Consumption Measurement
• Energy Consumption Differences of Frameworks

Guidelines for Energy Efficiency

Banerjee and Roychoudhury [19] describe four guidelines for energy efficiency in mobile ap-
plications: Sub-optimal Bindings, Nested Usages, Trade-offs of Quality-of-Service (QoS) vs Energy-
efficiency, and Resource Leaks. Banerjee et al. [20] adds additional guidelines: Wakelock Bug, Tail-
energy Hotspot, Vacuous Services, Expensive Services, Immortality Bug, and Loop-energy Hotspot.
Hall et al. [23] focus on Wakelock bugs. While many of these guidelines result e.g. from sensor usage,
they are nevertheless generalizable to other contexts.

These guidelines, while derived from mobile contexts, address common software engineering
concerns such as resource management, efficient service usage, and prevention of energy leaks—issues
that are equally relevant in desktop, embedded, and cloud-based systems. For example, the concept
of resource leaks and wakelock bugs can be mapped to improper resource handling in any long-
running application, not just mobile apps. Similarly, the trade-off between QoS and energy efficiency
is a universal challenge in distributed and cloud systems, where balancing user experience with
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operational costs is critical. This topic is also addressed by other papers in the mapping study
[18,21,27,29] and will be discussed in more detail below.

The systematic identification and codification of such guidelines in mobile research thus provide
a valuable reference for broader software engineering practices, supporting the argument that these
findings are indeed generalizable beyond their original domain.

Trade-off Between QoS and Energy Efficiency

The trade-off between QoS and energy efficiency is a recurring theme in mobile-specific research,
but its implications extend well beyond the mobile domain. For instance, Ramasamy et al. [18]
and Lee et al. [21] demonstrate how offloading computation to the cloud can optimize both energy
consumption and service quality—a strategy increasingly relevant for edge computing, IoT, and cloud-
native applications. Similarly, Malavolta et al. [27] shows that caching strategies, while improving
responsiveness, can also impact energy usage, a consideration pertinent to web and enterprise systems.
The work by Ferreira et al. [29] highlights the inherent tension between implementing robust security
measures and maintaining energy efficiency, a dilemma faced in any resource-constrained environment,
including embedded and cyber-physical systems.

These studies collectively underscore that managing the balance between QoS and energy ef-
ficiency is a universal software engineering challenge. The techniques and frameworks developed
in the mobile context—such as adaptive offloading, dynamic resource allocation, and context-aware
optimization—can inform best practices and architectural decisions in a wide range of computing en-
vironments. Thus, the insights from mobile-specific research on this trade-off are highly generalizable
and can guide the design of energy-aware systems across diverse platforms.

Energy Consumption Measurement

Rua et al. [26], Rammos et al. [28] emphasize the importance of standardized and reproducible
measurement methodologies for assessing energy consumption. They measure the difference in energy
consumption between different apps for the same task. Large parts of the measurement methodologies
are generalizable.

Guégain [32] propose a general framework for assessing the energy consumption of software,
which is not limited to mobile applications. Their approach provides guidelines for setting up experi-
ments, selecting appropriate metrics, and interpreting results, making it applicable to a wide range of
software systems.

The methodologies and frameworks developed in these studies are highly generalizable. Accurate
energy measurement is a foundational requirement for energy-aware software engineering in any
context, including desktop, server, embedded, and cloud environments. The lessons learned from
mobile-specific measurement challenges—such as accounting for hardware heterogeneity and usage
patterns—can inform best practices for energy benchmarking and evaluation in broader domains.
Thus, these contributions support the development of standardized energy measurement protocols
that benefit the entire software engineering community.

Energy Consumption Differences of Frameworks

Corbalan et al. [24], Kurtz et al. [33] describe the energy consumption differences of development
frameworks and approaches see e.g. for an overview of development approaches [34]. The general
idea of analyzing energy consumption differences of development frameworks is generalizable.

These studies highlight that the choice of development frameworks and libraries can have a
significant impact on the energy consumption of software, regardless of the target platform.

Jacques et al. [30] extend this line of inquiry to machine learning frameworks, demonstrating that
the energy footprint of training and inference can vary widely depending on the chosen library and
configuration. Their findings suggest that careful selection and tuning of frameworks is essential for
energy-aware development, not only in mobile applications but also in server-side and cloud-based
machine learning workloads.
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Overall, these results underscore the importance of considering energy consumption as a criterion
when selecting development frameworks and libraries. The methodologies and comparative analyses
developed in the mobile context can be readily adapted to other domains, supporting more sustainable
software engineering practices across the board.

3.7.2. Individual Results

In the following, we will provide a summary of generalizable individual results of the papers
identified in the mapping study. An overview of the topics is given by:

• Life Cycle Energy Assessment
• Debugging Field Failures
• Automated Refactoring for Energy Efficiency
• Software Maintenance
• Device-specific Energy Consumption
• Resource Sharing Across Heterogeneous Devices
• Impact of CSS Prefixes on Energy Consumption

Moshnyaga [17] describes an approach for the life cycle energy assessment of mobile devices. The
novelty of his approach is the inclusion of software development energy cost. While the approach is
specific to mobile devices, the general idea of including software development energy cost in life cycle
assessments is generalizable.

Banerjee et al. [20] describe a method for debugging field failures in mobile applications. The
method is based on the analysis of crash reports. While the method is specific to mobile applications,
the general idea of improving the analysis of real-use crash reports is generalizable.

Banerjee and Roychoudhury [19] describe an approach for automated refactoring for energy
efficiency. The generalizable approach consists of comparing so called design expressions and defect
expressions.

Banerjee and Roychoudhury [22] describe the impact of energy efficiency on software mainte-
nance. They present a hypothesis that energy efficiency is one of the most important reasons for
lacking software acceptance in mobile apps. While the hypothesis is specific to mobile apps, the
general idea that energy efficiency is important for software acceptance is generalizable. Banerjee and
Roychoudhury [22] also describe the impact of device-specific energy consumption. The general idea
of analyzing device-specific energy consumption is generalizable.

Song et al. [25] describe a generalizable approach for resource sharing across heterogeneous devices.
Bogdan and Malavolta [31] describe the impact of CSS prefixes on energy consumption. CSS

prefixes are a general concept, so the general idea of analyzing the impact of CSS prefixes on energy
consumption is generalizable.

4. Discussion
This paper presented a systematic method for evaluating the generalizability of mobile-specific

research findings, using Green Computing as a case study. The approach combined a systematic
mapping study to identify potentially overlooked mobile-specific papers with a focused literature
review to assess their broader relevance. The systematic mapping study identified 17 papers that were
either not cited in non-mobile-specific contexts or had a low citation rate outside of mobile-specific
research. The subsequent systematic literature review analyzed these papers in detail, revealing several
areas where mobile-specific research offers insights applicable to the broader Software Engineering
community.

5. Conclusions
This paper presented a systematic method to evaluate the generalizability of mobile-specific

research results to broader Software Engineering contexts, using Green Computing as a case study. Our
approach combined a systematic mapping study to identify potentially overlooked mobile-specific
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papers with a systematic literature review to assess their generalizability. The systematic mapping
study identified 17 potentially overlooked mobile-specific papers, which were then analyzed in detail
through a systematic literature review.

Our findings suggest that several mobile-specific studies have broader implications, offering
valuable insights for the general Software Engineering community. Key areas of generalizability include
guidelines for energy efficiency, trade-offs between quality of service and energy efficiency, energy
consumption measurement, and differences in energy consumption across frameworks. Additionally,
individual results were found to be generalizable.

The proposed method demonstrates that systematic mapping studies can effectively identify potentially
overlooked research, and systematic literature reviews can validate the generalizability of these findings. This
approach can be applied to other research areas to bridge the gap between specialized and general research
communities, fostering a more integrated and comprehensive understanding of the field.

Future work could extend this method to other subdomains of Software Engineering and explore
the practical implications of integrating mobile-specific research into broader contexts. By doing so,
we can ensure that valuable insights from specialized research are not missed and can contribute to
the advancement of the entire field.
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