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1 MOTIVATION
This research has started with an investigation of the impact of
programming languages on energy consumption for mobile devices
through ameta-analysis. During the investigation, we faced a lack of
studies and the obsolescence of data. Among the 6 studies we found,
three of them investigated the energy consumption of the devices
which is out-of-date. This problem left us with only three studies.
But, besides this issue, there is also a lack of meta-analytical works
in software engineering which resulted in the lack of commonly
agreed processes for doing it. All mentioned obstacles pushed us
to further investigate the way of systematizing a meta-analytical
process. We started with a small, but very important step towards
this direction - identification of issues preventing the widespread
usage of meta-analysis in software engineering. To find such factors
we conducted several projects applying meta-analytical techniques
to the software engineering domain.
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2 EARLY SOLUTION TO THE ORIGINAL
PROBLEM

Since the work on the impact of programming languages on en-
ergy consumption for mobile devices was our first one which was
done using meta-analytical techniques, we conducted it following
the guideline presented in the Cochrane Reviewer’s Handbook [1].
However, this handbook is mostly related to medical researchers
and many techniques using for meta-analysis in medicine are not
applicable to the software engineering domain. Despite this fact, in
our case, it was possible to apply the random-effects model for con-
tinuous outcomes with Hedges’ g estimator for the mean difference
[2]. But it was beyond our power to deal with the lack of studies for
the considered area. If the study contained the obsolescence data
- for example, energy consumed by the devices which are out of
date, we ignored it even though the initial amount of papers were
small. In our original investigation, we did not go deeper into con-
sideration of the mentioned problems. But, as we saw later, further
application of meta-analysis will lead us to the same problems for
which we do not know the answer. The best way to go further is to
formalize the problem and find comprehensive solutions for it.

3 FORMALIZATION OF PROBLEM BEING
ADDRESSED

The fast growth of empirical research in software engineering of the
last two decades [3, 4] demands techniques to summarize the results
of such empirical investigations. Meta-analysis has been suggested
as a mechanism to do it even when empirical software engineering
was not so widespread [5, 6]. Still, this is not happening despite
the conceptual and operational simplicity of meta-analysis and
its wide usage in other empirical disciplines, such as medical and
social sciences [7, 8]. Our research started from the meta-analytical
investigation of energy consumption targets such problem, which
can be reformulated in terms of the following research goals:

RG.1: Identify the issues that prevent the widespread
adoption of meta-analysis in software engineering,

RG.2: Propose solutions to such issues,
RG.3: Elaborate a comprehensive approach addressing

these issues.

Applying systematically meta-analysis to software engineering
is not a new idea, as it emerged in the mid ’90s with the works
of Brooks [9], Hayes [10], Miller [11], etc. The idea evolved and
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Kitchenham et al. connected it to their attempt to apply the evidence-
based approached common in medicine to software engineering
[12]. The evidence-based practice is focused on the synthesis of
best quality scientific studies on a specific topic or research ques-
tion [13, 14] and such proposal has been particularly successful
in one of the practices that advocates - the systematic literature
review (SLR), which defines a systematic protocol to collect, ana-
lyze, and synthesize mostly qualitatively the existing knowledge
on a subject as it appears in the scientific literature [15]. So far
more than 100 systematic literature reviews have been published
only in ACM Computing Surveys [16] and we can claim that SLRs
are part of the current research practices of software engineering
researchers. Still, SLRs result in mostly qualitative evidence and
the problem of quantitative support of such evidence remains open.
Using a meta-analysis, it becomes possible to prove statistically the
obtained results. Despite the urgent need for this technique, the
proper way of doing it is still unclear.

With a help of several meta-analytical studies which were per-
formed in the framework of a graduate course on Advances Statis-
tics, we identified three main issues that hinder the widespread use
of meta-analysis in software engineering. Besides describing these
problems, we are aimed to present possible solutions to overcome
them in future research.

4 BACKGROUND AND RELATEDWORKS
Meta-analysis first appeared in the work of Glass (1976) [17], where
it is defined as “the statistical analysis of a large collection of results
from individual studies for the purpose of integrating the findings”.
Meta-analysis can be considered as the tool of extraction knowledge
from works of different individual researchers. Similarly, the goal of
meta-analysis in software engineering should be to quantitatively
summarize the results. Despite the simplicity of the general idea,
meta-analysis is still not widely applied in the considered area. To
find out the reasons for which it is so and to make the first attempts
to systematize the process of aggregation of the results we started
with analyzing the existing literature in this field.

The search strings we used to find the relevant literature were
generated using the PICO approach [18] (Table 1).

Search query Number of papers
meta analysis AND software engineering 42
combining evidence AND software engi-
neering

7

evidence based software engineering 12
Table 1: Search queries

To retrieve more papers we applied forward and backward snow-
balling techniques [19]. The number of papers found before and
after applying snowballing is shown in Figure 1

All the papers we found can be divided into four groups accord-
ing to their objectives (Table 2).

In our research, we are more interested in the second category
which is exactly about the application of meta-analysis in software
engineering. Analyzing even such a small number of articles, we no-
ticed that the primary application of meta-analysis which consists
of aggregating the results from replicated experiments was more
preferred than conducting a secondary study that aims to extract

Before snowballing After snowballing
40

60
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71

Figure 1: Comparison of number of papers before and after
applying snowballing method

the general knowledge from multiple studies coming from different
sources. The work of Succi et al. [20] can serve as an example of
primary meta-analytical research who used the “weighted estima-
tor of a common correlation” to generalize correlations between
object-oriented software metrics coming from public domain Java
projects.

№ Category Number of
studies

1 Studies containing general information
about meta-analysis

9

2 Studies containing case studies related
to the application of meta-analysis in
software engineering

24

2 Studies addressing the concept of re-
search synthesis in software engineer-
ing

22

3 Studies containing application of sys-
tematic literature review to software en-
gineering

16

Table 2: Different kind of studies found during the search

Testing hypotheses based on the data extracted from different
primary studies via meta-analysis came to software engineering a
bit later - at the beginning of the 21st century. It had already helped
to investigate the impact of pair programming on quality, time, and
effort [21, 22], of test-driven development on quality and productiv-
ity [23], of programming languages on energy consumption [24],
the performance of defect prediction models [25]. In all these stud-
ies, both fixed and random effects models with an inverse-variance
approach for assigning the weights are used, but the way of their
application varies from one study to another. For example, even
though both Hannay et al. [21] and Umapathy et al. [22] investi-
gated the impact of pair programming on quality, duration, and
productivity, their works are different in implementation - in the
second work, the meta-analysis was conducted separately for each
quality cluster - programming assignment grades, exam scores, and
persistence in computer programming courses.

As one can notice, despite that meta-analysis carries out almost
for a quarter of a century, it still has no proper guidelines. Standard-
izing of the meta-analytical process, which supposes finding the
issues that have not yet allowed this standardization to be finished,
will lead us to the exploration of wider usage of meta-analysis such
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as finding factors affecting observed significance and generating
new hypotheses [26].

5 UNIQUENESS OF THE APPROACH
5.1 Exploring the problem
To identify some of the factors that prevent a systematization of
meta-analysis in software engineering, we conducted several small
meta-analytical studies within the context of a graduate course on
Advanced Statistics at Innopolis University. The concrete subjects
of the small meta-analytical investigations were:

• impact of software reuse on quality and productivity;
• impact of programming languages on energy consumption;
• performance of different machine learning models (Naive
Bayes, Random Forest, Support Vector Machine) for software
defect prediction.

These meta-analytical studies were based on the following steps:
• formalization of research question,
• search strategy,
• papers selection,
• quality assessment,
• data extraction,
• data analysis,
• selection of a model,
• computing the results.

As mentioned, they were based on [1, 13, 27]. The first six steps
are related to the systematic literature review and are performed
according to the guideline given by Kitchenham [13]. The last two
steps are proposed by us to finalize the meta-analytical process,
therefore, in a sense, we introduced a bias in our analysis.

Formalization of research question. The formalization of the re-
search question defines the key research over which metanalysis
(and the associated SLR) will be performed.

Search strategy. The search strategy aims to identify as many
papers related to the considered topic as possible.

Papers selection. To understand the relevance of papers found,
one needs to define inclusion and exclusion criteria for further
consideration.

Quality assessment. After the papers were selected, we need to
understand the “quality” of the results: to investigate the difference
reflecting in studies results, the interpretation of findings, and the
strength of inferences.

Data extraction. From the papers passed the quality assessment,
one should collect the information needed for the research: papers’
metadata, information about methodology, results, etc.

Data analysis. The data analysis process involves the aggregation
of the extracted results from primary studies. The aggregation can
be both qualitative, which is usually done in SLR, and quantitative,
which is can be done through meta-analysis.

Selection of a model. According to the available data, there are
different statistical procedures for performing a meta-analysis. For
example, two possible approaches for assigning weights to each
primary study - sample size and inverse-variance methods [28] and

two families of meta-analytical procedures become available - fixed
and random effects models [29].

Computing the results. After choosing all mathematical models,
one can start to compute the results and derive conclusions. For ex-
ample, if the main goal was to test the hypothesis via meta-analysis,
in this stage, 𝑝-values should be calculated and the conclusion about
acceptance or rejection of the null hypothesis should be taken.

5.2 Toward a solution
In our research, the difficulties start to appear with the step “Data
analysis”. While preparing the data to the further meta-analysis,
we faced the three major issues:

(1) lack of a standard for metrics,
(2) fast obsolescence of data,
(3) usage of the same datasets.
We faced the first issue during the investigation of the impact of

software reuse on quality and productivity. In Table 3, one can see
different metrics used in primary studies on this topic: 7 metrics are
related to reuse, 8 metrics refer to productivity, and 8 metrics reflect
quality. Even though these metrics are used for similar experiments,
in most cases, they cannot be transformed into each other. The lack
of a standard for metrics makes the analysis of the studies found
almost impossible.

The best solution for this issue would be to calculate the metrics
that we need from the raw data. However, in most studies, such data
is not publicly available. Therefore, we suggest two other possible
ways of solving the issue of metrics diversity:

• make clusters of studies according to the metrics they used
and conduct a separate meta-analysis on each cluster;

• apply the vote-counting approach, but to the simple, more
generic questions, like “Does reuse positively affect quality?”,
“Does reuse positively affect productivity?”

The second issue was the fast obsolescence of data. We noticed
it while investigating the impact of programming language on
energy consumption for mobile devices. C, C++, and Java were
considered for this investigation, but, nowadays, the most used pro-
gramming languages for mobile application development are Kotlin
and Javascript. Despite their popularity, we found the only paper
considered Kotlin [42] and the only paper considered Javascript
[43] with a comparison with other languages. Due to the lack of a
sufficient number of papers for these two languages, conducting a
meta-analytical comparison for them remains not possible.

Also, the other side of this issue was the deprecation of devices,
for which energy consumption was measured. In this particular
case, we cannot use the paper done, for instance, in 2009. Some
operating systems and mobile devices’ capacity can be out of date.
In this situation, the obsolescence data should be removed from
the meta-analysis. This problem is no often met in different fields
such as medicine, chemistry, etc. For example, medical treatments
can be still effective through decades, and doing a primary study
can be expensive. Software engineering is a fast-growing field that
allows researchers to conduct a variety of experiments at a low cost.
The existence of a strong community as Cochrane in healthcare
helps to overcome the problem about the relevance of data. The
collaboration between industry, researchers, and people interested
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Reuse Metrics Productivity Metrics Quality metrics
Reuse rate[30] Development time [31] Error density [32]
Reuse level [33] Effort per module [34] Defect density [32]
Reuse frequency [33]
New object percentage [35]

Number of non commentary source
lines produced per person day [36]

Customer complaint density [37]
Quality index [34]

Reused source instructions [33]
External reuse density [37]

Number of new requirements divided
by total efforts [38]

Number of errors per non commentary
source line [36]

Internal reuse density [37] Design and coding time [39]
Source lines of code per hour [33]

Trouble reports per thousands of lines
of code [40]

Written lines of code [30]
Reused lines of code [30]

Size of new or modified code per total
size of the component [40]
Defects per thousands of lines of code
[41]

Table 3: Different kind of metrics found in a SLR to understand the effects of software reuse on quality and productivity

in software engineering will allow sharing the current trends and
creative ideas contributing to the development of this field in all
directions.

NASA PROMISE
[44], [45], [46], [47], [48] [44], [49], [50]

Table 4: Papers with usage of similar datasets found in SLR
to understand the performance of defect prediction models

During the comparison of the performance of different models
for defect prediction, we noticed that many studies used the same
datasets. We highlighted two datasets used in most studies - NASA
and PROMISE. In Table 4, one can see that four papers used NASA,
two papers used PROMISE, and one - both of the datasets. From one
side, usage of the same data allows us to compare the performance
of different models without taking into consideration random sam-
pling errors. It makes the inference more reliable. But, on the other
hand, it prevents us from the whole view of the current state of
the art: which model performs better under different conditions?
Sharing the datasets collected for the experiments or reuse them
for different problems will help to solve this problem.

5.3 Threats to validity
Needless to say, the structures of these small meta-analytical projects
had intrinsic limitations:

• time: the course was only 7 weeks long,
• breadth: given the time constraint, we selected fairly narrow
topics for exploration,

• people: despite being very gifted, the work was done by
students and not by professionals,

• approach: we followed the recommendations of Kitchenham
et al. [13], for conducting the SLR, but we defined ourselves
the steps for themeta-analysis, mutating them frommedicine
[1, 27].

Despite the uniform protocol, each of the works varies in the
search strategy. Some of the students preferred the Google Scholar
engine, some of them used digital libraries. This can cause publica-
tion bias. Also, the usage of the random effects model in each study
assumes that there are many sources of variability, that we did
not investigate. It can lower the strengths of these meta-analytical
works.

It should be said that we had only three projects where we
found the considered limitations preventing the wide usage of
meta-analysis. But this is just a beginning. More studies will lead
us to more questions that still do not have answers.

6 RESULTS AND CONTRIBUTIONS
With a help of several meta-analytical studies conducted within
the framework of the course Advanced Statistics, we identified
three major issues that slow down the adoption of meta-analysis
in software engineering. They are related to the lack of a standard
for metrics, the fast obsolescence of data, and the usage of the
same datasets. For each problem, we proposed solutions based on
our experience. It should be said that these solutions have some
limitations. Firstly, using a clustering approach or vote-counting
in a case with a lack of a standard for metrics will give us answers
only for more simple research questions. Secondly, the conducted
case studies have not been published yet, but this process is already
in progress. We expect the publicly available and peer-reviewed
results of our experiments carried out in the nearest future.

Needless to say, the systematization of meta-analysis in software
engineering is a long-term plan. In our future research we are
going to consider different effect sizes and statistical models, start
developing the standards for conducting a meta-analysis. But we
have already made the first attempt starting with the identification
of the current obstacles in this big process and the presentation of
our solutions.

The most important thing we noticed is that software engineer-
ing needs a strong community that will help to collaborate with
people from both academia and industry. Such collaboration will
lead us to further standardization of the reporting protocols, inves-
tigation of current trends, and wide usage of research results in
the industry. We have already started to build such a community
within our university giving the students and other people inter-
ested in software engineering general ideas about meta-analysis
and techniques for aggregation empirical results. Besides all men-
tioned points, this research gave rise to the topic “ Introduction
to meta-analysis ” within the framework of a course of Advances
Statistics at Innopolis University.
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