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Abstract—Context: Software architecture (SA) as research area
experienced an increase in empirical research, as identified by
Galster and Weyns in 2016 [1]. Empirical research builds a sound
foundation for the validity and comparability of the research.
A current overview on the evaluation and replicability of SA
research objects could help to discuss our empirical standards
as a community. However, no such current overview exists.

Objective: We aim at assessing the current state of practice of
evaluating SA research objects and replication artifact provision
in full technical conference papers from 2017 to 2021.

Method: We first create a categorization of papers regarding
their evaluation and provision of replication artifacts. In a
systematic literature review (SLR) with 153 papers we then
investigate how SA research objects are evaluated and how
artifacts are made available.

Results: We found that technical experiments (28%) and case
studies (29%) are the most frequently used evaluation methods
over all research objects. Functional suitability (46 % of evaluated
properties) and performance (29%) are the most evaluated
properties. 17 papers (11%) provide replication packages and 97
papers (63%) explicitly state threats to validity. 17% of papers
reference guidelines for evaluations and 14% of papers reference
guidelines for threats to validity.

Conclusions: Our results indicate that the generalizability
and repeatability of evaluations could be improved to enhance
the maturity of the field; although, there are valid reasons
for contributions to not publish their data. We derive from
our findings a set of four proposals for improving the state
of practice in evaluating software architecture research objects.
Researchers can use our results to find recommendations on
relevant properties to evaluate and evaluation methods to use
and to identify reusable evaluation artifacts to compare their
novel ideas with other research. Reviewers can use our results
to compare the evaluation and replicability of submissions with
the state of the practice.

Index Terms—software architecture research, meta-research,
systematic literature review, evaluation

I. INTRODUCTION

Researchers present many novel approaches and findings in
the area of software architecture (SA) in conferences every
year. As we are confronted as a community with this large
amount of research, it is important to understand how the
research is evaluated to understand their validity and how
related approaches and their results compare to each other.

Galster and Weyns [1]] identified an increase of empirical
research in SA-related conference papers in 2016. Empirical

research is a sound foundation for the validity and compa-
rability of novel approaches and findings. In addition, the
replicability of studies is considered important for trustworthy
research. This is reflected in the International Conference on
Software Architecture (ICSA) promoting replicability in their
calls since 202 introducing an artifact evaluation track
since 2021@ and introducing open science principles in the
CfP in 2022[3_1 That said, the SA community considers the
importance to acknowledge contributions that cannot publish
their data, e.g., to not publish business secrets. With a current
overview on how SA research is evaluated in conference
papers and how artifacts are made available, we could have a
basis for discussing which standards we would like to set as a
community. However, no such current overview exists. Thus,
the goals of this paper are to:
G1: categorize SA research wrt. evaluation and replicability,
G2: create an overview of the current state of practice in
evaluating SA research.
The European Conference on Software Architecture (ECSA)
and the International Conference on Software Architec-
ture (ICSA) series are the major venues to present and discuss
novel ideas, approaches, and insights to SA. The papers
presented there endure a rigorous peer review, including an
assessment of their evaluation sections. In this paper, we
systematically review the evaluation of research presented
at both conference series. We focus on properties that are
evaluated for research objects in full technical papers of these
conferences and used evaluation methods. The research object
of a paper is what the researchers investigate. Typical research
objects in SA research include architecture analysis, design,
optimization methods, or architecture decision making. Thus,
our contributions are:
1) a classification schema for the validation of software ar-
chitecture research evaluation (cf. goal G1),
2) a systematic literature review (SLR) [2] for an investi-
gation of research objects, evaluation methods, evaluated
properties, threats to validity, accessibility of replication

Uhttps://icsa-conferences.org/2020/call-for- papers/technical- papers
Zhttps://icsa-conferences.org/202 1/call-for-papers/artifact-evaluation-track/
3https://icsa-conferences.org/2022/conference- tracks/author-instructions/


https://icsa-conferences.org/2020/call-for-papers/technical-papers
https://icsa-conferences.org/2021/call-for-papers/artifact-evaluation-track/
https://icsa-conferences.org/2022/conference-tracks/author-instructions/

packages, and their interrelations in software architecture
research papers (cf. goal G1, G2), and
3) adiscussion of our findings (cf. goal G2) and proposals for
improvements.
A characteristic of our SLR is that the reviewed papers are
predefined to be ECSA and ICSA papers. We consider papers
from 2017 to 2021 to limit the effort of our review to a
reasonable size and to create an overview of current practices
(goal G2). Our work may support the following stakeholders:
o Researchers: Researchers can use our results to get
an overview and recommendations about the practice
of evaluating software architecture research, e.g., which
properties might be relevant to evaluate specific research
objects and which method is commonly used to evaluate
that. Researchers can also identify reusable case studies
based on their research object and property to evaluate.
o Reviewers: Reviewers can use our results to compare
and assess the evaluation and replicability of submissions
based on the state of practice.
Research Questions (RQ)s: We investigate three main research
questions. gives an overview of the research questions
in the data schema.
RQ 1: What is the distribution of research objects and their
evaluation and how did their proportions change over time?
With this RQ, we want to provide a basis for categorizing the
contributions wrt. their evaluation and replicability (goal G1)
and to create an overview of the state of practice (goal G2).
We break down RQ 1 into the following sub-questions:
RQ 1.1: What is the proportion of research objects in the body
of literature per year?
RQ 1.2: What is the proportion of evaluation methods in the
body of literature per year?
RQ 1.3: What is the proportion of papers for which artifacts
were provided for replication per year?
RQ 2: How are specific research objects evaluated and
how accessible are their evaluation artifacts? With this RQ,
we want to identify relationships between research objects
and different aspects of evaluations. This helps categorizing
the contributions wrt. their evaluation (G1) and creates an
overview of these relations (G2) to identify how researchers
evaluate specific research objectives and how they report it.
We break down RQ 2 into the following sub-questions:
RQ 2.1: What is the relationship between the evaluation
method and the research object?
What is the relationship between the research object
and the evaluated property?
What is the relationship between
method and the evaluated property?
What is the relationship between
method and the threats to validity?
What is the relationship between the evaluation
method and the provision of replication artifacts?
RQ 3: Which guidelines are used for evaluation? With this
RQ, we want to identify which guidelines are stated to be
used for evaluations and for discussions of threats to validity.
We break down RQ 3 into the following sub-questions:

RQ 2.2:
RQ 2.3: the evaluation
RQ 2.4: the evaluation

RQ 2.5:

RQ 3.1: Which guidelines are referenced for applying evalu-
ation methods?
RQ 3.2: Which guidelines are consulted when discussing

threats to validity?

We provide a replication package [3] with the tabulated
and visualized review data, a BibTeX file with all papers
considered, scripts for summarizing and visualizing, and a
copy of the wiki available to the reviewers with descriptions of
all characteristics in the data extraction form. All investigated
papers are also listed onlineﬂ for collaboration with raw data.

Henceforth, we describe our research method

and then present an aggregation of our results (Section IIIJ).
In [Section IV| we discuss our findings and propose improve-
ments. Threats to validity and related work of our study

are presented in and [Section VI respectively.
Section VII| concludes the paper.

II. RESEARCH METHOD

We conducted a systematic literature review (SLR) follow-
ing the guideline of Kitchenham and Charters [2]].

1) Data Sources and Search Strategy: We consider the
ECSA and ICSA conference series as the major venues for SA
research. Therefore, we use manual search to examine papers
of these conferences. We retrieved the papers via DBLIﬂ

2) Study Selection: The inclusion criteria were:

IC1: ECSA and ICSA papers of the years 2017 to 2021 to
investigate the last 5 years.

Paper classes evaluation research, validation research,
proposal of solution, and philosophical paper of the
classification of Wieringa et al. [4].

Primary research, as secondary studies (i.e., literature
studies) are not in focus.

Papers included in the main proceedings of the respective
conferences.

1C2:

1C3:

1C4-:

The paper classes personal experience papers and opinion
papers were not included in IC2, as they do not require an
evaluation. While experience papers may be built upon expe-
riences with case studies, these then do not serve as evaluation
of a research object. Multiple classes can be assigned to a
paper. Matching one included class sufficed for inclusion.
The exclusion criteria were:
EC1: Teaching papers, as we focus on research objects related
to architecting directly, i.e., activities such as making
architecture decisions for a given system, documenting
them, and so on.
Short papers, because they do not have enough space for a
detailed description of an evaluation and aim at presenting
work in progress or new ideas. Consequently, these papers
have lower requirements regarding their evaluation. We
identified short papers by the number of pages given in
the calls for paper.

EC2:

All included papers were accessible and written in English.

4https://gitlab.com/Software ArchitectureResearch/StateOfPractice/-/wikis/
Results

>https://dblp.uni- trier.de/db/conf/ecsa/index.html
and https://dblp.uni-trier.de/db/cont/icsa/index.html
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Fig. 1: Data schema of the data extraction and corresponding
research questions. Dashed arrows indicate inferred relations.

3) Study Quality Assessment: We did not apply further
quality assessment. We survey the current state of practice
at the ECSA and ICSA series. Excluding papers via a quality
assessment would bias the perception of the current state and
would be a threat to validity (cf. [Section V].

4) Data Extraction Form and Process: Derived from our
research goals and the corresponding RQs, we defined a data
extraction form (cf. [Table I). [Figure 1] shows the interrela-
tions of the extracted data. A paper presents at least one
research object. Research objects should be evaluated using an
evaluation method for properties. We experienced that threats
to validity are usually reported not for specific evaluation
methods, but for a paper as a whole. Similarly, tools, input
data, and replication artifacts are assigned to a paper, not
to specific research objects. gives details of the data
extraction form. The complete data extraction form with the
definition of its contents can be seen in the copy of the wiki
in our replication package [3]]. This also includes a description
of each data item, e.g., each research object.

For each paper two researchers extracted the data by review-
ing the given paper independently. The reviewers discussed
pairwise differences, if any occurred. Where no agreement
could be created, a third reviewer helped to solve conflicts.
The allocation of paper to reviewer was randomized. The
distribution was not equal, due to individual time constraints
of the participating researchers. We used the SLR Toolkit [S]]
as tool support to classify papers with our data extraction form.
In the following, we describe every data extraction item of the
form (cf. [Table T).

a) Meta Data: lIdentifying paper classes required to
understand the papers content. This information was therefore
extracted manually during the review.

b) Research Object: The research object of a paper
is what the researchers investigate. Authors usually explic-
itly state the research object (e.g., "We present a design
method...”). The set of research objects must not be too fine
grained, nor too coarse grained to get meaningful results. We
extracted a set of 13 research objects in a pilot study using a
sample of papers from the ECSA conference that proved to be
stable in the main study for ECSA and ICSA. See
for the list of research objects.

TABLE I
DATA EXTRACTION FORM

Data Item Description
Meta Data
Paper ID BibTex-Key as unique identifier

Paper Class Paper class wrt. Wieringa et al. [4]

Content Data

Investigated object(s) of research

Applied evaluation method

wrt. ACM Empirical Standards [6]
DOVISBN of referenced guideline
Property evaluated with a given evaluation
method for a given research object
{available, used (but not available), none}
{available, used (but not available), none}
{yes, no} for availability

Categories of threats to validity wrt. [[7]
DOI/ISBN of referenced guideline

Research Object
Evaluation Method (EM)

EM Guidelines
Property

Tool Support

Input Data

Replication Package
Threats to Validity (TtV)
TtV Guidelines

As our research goals aim at the evaluation of architecture
research, and not their paper reports, we investigate how
specific research objects are evaluated, where a paper may
present multiple research objects.

¢) Evaluation Method: The evaluation method is the
method chosen to evaluate a research object. Evaluation
methods are usually explicitly stated by authors (e.g., "We
conducted a case study...”). However, these statements often
mean different things. For example, reported case studies are
sometimes larger example systems and sometimes real cases.
We use the ACM Empirical Standards [6] for comparison.
Therefore, we map the evaluation methods used in the re-
viewed papers to the corresponding method description in
the ACM Empirical Standards. See for the list
of detected evaluation methods. In some cases, methods can
be used to construct or to validate a theory. For example,
Haselbock et al. [8] use a literature review and an interview
to create decision models for microservices. These are not
considered evaluation methods in this case. We also collect
any cited guidelines for evaluation as stated by the authors.

d) Property: Researchers evaluate specific properties of
research objects. The properties are often explicitly stated
(e.g., "We evaluated the feasibility of our approach...”). Mul-
tiple properties can be evaluated with each evaluation method.
In this review, we use a common set of potential properties
for comparison: the properties defined by ISO 25010 [9] for
quality of use and product qualities alongside with quality
criteria for analytical methods introduced by Taverniers et al.
[10]. See for the list of detected properties.

e) Tool Support and Input Data: During the evaluation
of architecture research, tools or input data are often used.
As tool support, we regard tools that are not exchangeable
for the evaluation, e.g., tool prototypes for an approach or a
specific form for a questionnaire. Input data is the data used
as input to the validation, e.g., models, SA descriptions or
transcribed answers to questionnaires. We identify whether
they are mentioned in the given paper (categorizing it as used)
and whether it is (still) publicly available. Tool support and
input data are elicited only on the level of papers, not research
objects, because the relation is not always clearly described.



TABLE 11
REFERENCED EVALUATION GUIDELINES
(RECURRING ONLY)

TABLE III
REFERENCED THREAT TO VALIDITY GUIDELINES
(RECURRING ONLY)

Refs. 1st Title of Evaluation Guideline Refs. Ist Title of Threats to Validity Guideline
Author Author
[L1], [12] Runeson Guidelines for Conducting and Reporting Case [L1], [12]  Runeson Guidelines for Conducting and Reporting Case
Study Research in Software Engineering Study Research in Software Engineering
Case Study Research in Software Engineering: Case Study Research in Software Engineering:
Guidelines and Examples Guidelines and Examples
[13] Glaser Discovery of Grounded Theory: Strategies for [14], [15]  Wohlin  Experimentation in Software Engineering
Qualitative Research [16] Gasson  Rigor in Grounded Theory Research: An Inter-
pretive Perspective on Generating Theory from
Qualitative Field Studies
f) Replication Package: We check whether a replication el Cook Quasi-Experimentation: Design & Analysis Is-

package is publicly available.

g) Threats to Validity: We collect the authors’ statements
about threats to validity of their evaluation and the correspond-
ing guidelines, if any were referenced. For comparison, we
grouped threats to validity based on Feldt and Magazinius [7]:
Internal Validity, External Validity, Construct Validity, Con-
firmability, and Repeatability (i.e., dependability in [7]).

5) Data Synthesis: For data synthesis, we collate and
summarize the results of the included papers in a quantitative
way to present the proportions for RQ 1, the relationship
between the extracted meta and content data for RQ 2 (see
section [II), and the most-referenced guidelines for RQ 3
(see [Table 1| and [Table IM)). For information visualization,
we followed the supplement material of the ACM SIGSOFT
Empirical Standards for systematic literature reviews [6].

III. RESULTS

Following our research method, we classified 153 full
technical papers. A list of papers with the extracted raw data is
in our replication package [3]. We focus on showcasing those
results necessary to answer our research questions.

For each paper, we extracted the research object under
investigation, identifying a total of 170 research objects inves-
tigated, whereas 38 papers investigated two distinct research
objects. We identified for each research object of a paper,
which evaluation methods are employed and which properties
of the research object are evaluated. shows the pro-
portion of research objects over time (RQ 1.1). Analogously,
Figure 2b| shows the proportion of evaluation methods over
time (RQ 1.2). For the latter, we found that most research
objects were evaluated with a single method. 16 times research
objects were evaluated with two methods in a paper and
two times with three. lists the recurring referenced
evaluation guidelines (see [3] for the full list).

To elucidate how artifacts are provided for replication
(RQ 1.3), we show the proportion of papers each year (see
that either provide a replication package (packaged),
made the employed tool or input data available (available),
used unavailable tools and input data (used), or did not employ
a tool or input data (none).

For a deeper analysis of the evaluation in the investigated
body of literature, we illustrate the relations between (RQ 2.1)
research objects and evaluation methods and, (RQ 2.2) re-
search objects and their evaluated properties as bubble charts

sues for Field Settings

in [Figure 4b| and [Figure 4al respectively. We further depict
the relationships between the evaluation method (per research

object) and the evaluated property (RQ 2.3, see [Figure 5a)),
the discussed threats to validity (RQ 2.4, see [Figure 5b)), and
the provision of replication artifacts (RQ 2.5, see [Figure 5¢).

While properties and evaluation methods were assigned
to the corresponding research object(s) of a paper, please
note, that the availability of artifacts and the discussion of
threats to validity were determined for each paper (see
[ure T). Consequently, the number of instances of evaluation
methods exceeds the number of papers and the number of
papers providing replication packages per evaluation method
is skewed towards the number of evaluation methods per paper.
Nevertheless, these relations present current research efforts in
the SA community as represented in ECSA and ICSA papers
and indicate how different research objects are evaluated.

Regarding the declaration of threats to validity (RQ 2.4),
we found that 97 of 153 of the papers did not declare threats
to validity. 79 of those addressed multiple threats, whereas
External Validity (83), Internal Validity (64), and Construct
Validity (45) were the most common ones. 26 papers (17%)
referenced evaluation guidelines that they applied (RQ 3.1) and
22 papers explicitly reference guidelines for threats to validity
(RQ 3.2). shows the recurring referenced guidelines
(see [3]] for the full list).

IV. FINDINGS AND DISCUSSION

RQ 1: What is the distribution of research objects and their
evaluation and how did their proportions change over time?

For each paper, we related the research objects, the research
methods, and the provision of artifacts to the publication year
for creating an overview and identifying trends and gaps.

RQ 1.1: What is the proportion of research objects
in the body of literature per year? The proportion of
research objects (see shows Architecture Analy-
sis Methods (31) and Architecture Design Methods (26) as
major research objects. Behind those, Architecture Decision
Making (18), Architecture Optimization Methods (17), and
Reference Architectures (16) are also presented often. Still,
many other research objects come up each year, showing that
the SA research presented at ECSA and ICSA is diverse.
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Fig. 3: Number of publications featuring a replication package
(packaged), providing links to available tools or input data
(available), employed tools or input data (used), or none of
the above (none) from 2017 to 2021.

RQ 1.2: What is the proportion of evaluation methods in
the body of literature per year? Case studies (53) and Tech-
nical Experiments (50) are the dominating evaluation methods
(see together making up 57% of the employed
evaluation methods. Although we cannot conclude whether an
evaluation method is better then the other, as each has different
characteristics, it is apparent that these dominant methods
focus on one specific phenomenon to investigate. Technical
Experiments are procedures carried out to support or refute
a hypothesis regarding a technological artifact. The ACM
SIGSOFT Empirical Standards cite Yin [18] to describe Case
Studies: “An empirical inquiry that investigates a contemporary
phenomenon (the “case”) in depth and within its real-world
context, especially when the boundaries between phenomenon
and context [are unclear]”. As case studies require a real-world
context, they can generate evidence for the tested properties of
the research object. However, case studies are not well-suited
for generalization, as they deeply investigate one phenomenon.
We can observe that many of the applied evaluation methods
do not aim at validating the generalizability.

We found that 17 papers use a Motivating Example and/or

methods (per research object) (b) from 2017 to 2021.

Argumentation as evaluation method, meaning that they, e.g.,
describe a problem with a small motivating example, and
then show and argue how their approach behaves according
to the given example. Benchmarks have been used for four

individual research objects (see and for seven

evaluated properties (see [Figure Sa)): Performance Efficiency
(4), Accuracy (2), and Effectiveness (1). Overall, we found a

large variety of methods used for evaluation and we did not
identify a systematic approach on using specific evaluation
methods for specific properties.

RQ 1.3: What is the proportion of papers for which
artifacts were provided for replication per year? The dis-
tribution of evaluation artifact provision shows a trend towards
more artifact availability: 2019 and 2021 over 50% of papers
made artifacts available or packaged them (cf. [Figure 3). A
reason for this might be ICSA promoting replicability in the
CfPs since 2020 and prior discussions in the community. It
should be noted that it is not feasible for all papers to make
artifacts available: (e.g., industry participation often requires
to not provide details about data or systems).

11% of the papers provide a dedicated, available replication
package. 33% of the papers provision employed tools or input
data for evaluation, such that they were still available. For 37%
of the papers neither tools nor input data employed is made
available. Besides that, 18% of the papers did neither feature
tools or input data for their evaluation.

Summary RQ 1: SA research at ECSA and ICSA is quite
diverse wrt. research objects (inside the research area of SA),
with a focus on architecture analysis methods and architecture
design methods making up one third of the research objects
found. The dominating evaluation methods are case studies
and technical experiments, whereas most evaluation methods
are used to measure exactly one quality (58% of evaluation
methods). The latter is in line with the trend shown in Galster
and Weyns [1]. ICSA started calling for artifacts only since
2020. We see that neither research objects nor evaluation
methods heavily changed in the past five years, with a trend
to more artifact provisioning since 2019. Future work might
consider more than 5 years to identify long-term trends.
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Fig. 4: Relations between research objects of publications, properties investigated for evaluation (a) and evaluation methods
applied (b), whereas multiple evaluation methods and properties could be considered for one research object.

RQ 2: How are specific research objects evaluated and how
accessible are their evaluation artifacts?

We analyze and discuss the relationships between the ex-
tracted data items in terms of SA research objects, evaluated
properties, evaluation methods, threats to validity, and repli-
cation artifacts to create an overview of the current relations.

RQ 2.1: What is the relationship between the evaluation
method and the research object? The choice of evaluation
methods should be based on the research object and the
property to evaluate. For some research objects, like the
aforementioned Analysis Methods, the number of different
evaluation methods is quite small (cf. [Figure 4b), while we
observe that Architecture Optimization Methods and Reference
Architectures are evaluated with a multitude of different eval-
uation methods.

The dominant evaluation methods Case Study and Technical
Experiment are also the most-used for Architecture Analysis
Methods, Architecture Design Methods, Architecture Opti-
mization Methods, and Reference Architectures. Benchmarks,
as a comparative method, are employed for 4 research objects.

RQ 2.2: What is the relationship between the research
object and the evaluated property? The most-evaluated
property over all research objects is the Functional Suitability.
This is not surprising, because when presenting a solution for
a problem, the first question to ask is often "Does it work?”,
before more elaborate properties are evaluated. The second-
most evaluated property is the Performance Efficiency, which
is also not surprising, considering that SA approaches can be
relatively demanding regarding computational resources, when
they, e.g., employ pattern matching or model transformations

on large graphs like source code. Furthermore, for Architecture
Analysis Methods and Architecture Optimization Methods the
Accuracy and the Effectiveness is often evaluated.

For most research objects, many properties are evaluated
(esp. Reference Architectures). Research objects with less
evaluated properties are also research objects that have been
reported less often. We identified 9 research objects in papers,
that do not have any property evaluated, meaning that there
is, e.g., a proposal of solution or a conceptual framework
presented, but not evaluated.

RQ 2.3: What is the relationship between the evaluation
method and the evaluated property? There are no clear
correspondences between evaluated properties and methods
in the data (see [Figure 5a). Case studies and Technical
Experiments are being used to evaluate a wide range of
properties. Properties of the category Quality in Use are mainly
evaluated using the dominant evaluation methods, but also
with evaluation methods that involve humans by definition,
like Questionnaires, Interviews, and controlled Experiments.
Properties of the category Product Quality are mainly eval-
vated using Technical Experiments and Case Studies. Addi-
tionally, Motivating Examples and Argumentation are used in
this category. In the category of analytical Method Quality,
Accuracy is the most prominent quality considered.

Similar to the relation between evaluation method and
properties, we observe that many properties are evaluated
with different evaluation methods. We see a minor (and
natural) tendency to evaluations that involve human subjects
for properties of the category Quality in Use. Besides that, we
do not see a common agreement on which evaluation methods
seem to be suitable for specific properties.
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Fig. 5: Relations between evaluation methods (per research object) and evaluated property (a), considered threats to validity
(per paper) (b) as well as kind of provided artifact (per paper) (c).

RQ 2.4: What is the relationship between the evaluation
method and the threats to validity? Of all 153 papers, 97
(63%) discuss threats to validity. External and Internal Validity
are the most-discussed threats to validity in the papers we
investigated. 54% of the papers discuss External Validity, i.e.,
the generalizability of the findings. This is interesting wrt. the
observation that the dominating evaluation methods investigate
a single phenomenon. The generalizability does not seem to
be in focus of the evaluation activities, for it is often neither
evaluated nor discussed. 17 papers (34% of the 50 papers that
apply case studies) discuss the external validity when applying
a Case Study. In contrast, for Technical Experiments, 32 papers
(66% of 48 papers that employ technical experiments) discuss
threats to External Validity.

7% of the papers at hand discuss Repeatability. 6 of the 50
papers (12%) that apply case studies and 3 of the 48 papers
(6%) that apply technical experiments discuss the repeatability.
Besides case studies, papers with questionnaires (4 of 10
papers) and focus groups (3 of 7 papers) usually discuss their
repeatability. Confirmability is discussed in 8% of papers.

We experienced that the reporting of threats to validity is
quite diverse and no systematic approach seems to be followed
by the community to report about threats to validity.

RQ 2.5: What is the relationship between the evaluation
method and the provision of replication artifacts? We
observe that most replication artifacts are made available for
Case studies and Technical Experiments (cf. [Figure 5c), which
correlates to the most-employed evaluation methods. Besides
that, no focus on specific evaluation methods was found.

Of all 50 papers with case studies, 14 papers (28%) make
their tool support and 17 papers (34%) their input data avail-

able. 8 papers (16%) package them in replication packages.
However, it is possible that non-disclosure agreements restrict
the publication of replication packages. For example, case
studies may contain business secrets, that cannot be published.
While this hinders the replicability, these papers still provide
important insights into SA topics in practice.

Table shows those papers with available case studies,
related to their research objects and evaluated properties.
Genfer and Zdun [19] use their case study for two research
objects, therefore this paper occurs in the table twice.

Summary RQ 2: The most prominent way of evaluating
SA research is to evaluate the functional suitability and
performance using technical experiments and case studies.
The human-centered practice architecture decision making is
mostly evaluated with human-centered evaluation methods in-
terview and focus group. Few comparative evaluation methods,
like benchmarks, are used. Overall, we see no clear agreement
on which properties should be evaluated for specific research
objects or which methods to use for specific properties.

RQ 3: Which guidelines are used for evaluation?

17% of papers reference evaluation guidelines (RQ 3.1).
The most-referenced guidelines are two versions from Rune-
son et al. [I1], [12], which we aggregate in These
publications provide guidelines for how to conduct and report
case studies. 14% of papers reference guidelines for threats
to validity (RQ 3.2). The most-referenced guidelines are
the same from Runeson et al. ([L1], [12]]). Here, guidelines
for threats to validity are included in the guidelines for the
evaluation method. Overall, we can observe that guidelines
are not referenced systematically in the investigated papers.



TABLE 1V
PAPERS MAKING INPUT DATA OF CASE STUDIES AVAILABLE

Research Object Property Paper ID
Accuracy 1201, [211, [22]
. . Effectiveness [230, (191, [22]
Qf;‘;;cmre Analysis Functional Suitability  [24], [25], [22]
Performance Efficiency  [26]
Satisfaction [24], [25]
Effectiveness 127]
Architecture Description Functional Suitability 127]
Language Performance Efficiency  [27]
Satisfaction 1271
. Functional Suitability 28]
Architectural Aspects None 9]
Architecture Optimization Functional Suitability 28]
Method Satisfaction 129]
Architectural Assumptions Performance Efficiency  [30]
Architecture Design Method Accuracy 131]]
Architecture Extraction Effectiveness 23]
Architecture Pattern Security 132]
Reference Architecture Functional Suitability 133]

A. Proposals

We observe that diverse research objects are evaluated using
diverse evaluation methods. To improve the evaluation quality
even further, we derive four proposals based on our discussion:

We identified few papers that discuss the threats to validity
wrt. repeatability and confirmability. This is in-line with the
observation, that replication artifacts are not provided broadly
(see RQ 1.3), which makes it more difficult for other re-
searchers to replicate a study. These observations indicate that
the generalizability is not well-studied. We propose (P1) to
foster the generalizability of evaluation results, e.g., by calling
for replication of existing studies and for the application of ex-
isting approaches in different contexts. The ICSA conference
series introduced an artifact evaluation track in 2021, which
motivates the reproduction and replication of studies.

We also propose (P2) to develop benchmarks to compare
approaches. Benchmarks are rarely employed as evaluation
method, although it has been observed that “the creation
and widespread use of a benchmark within a research area
is frequently accompanied by rapid technical progress and
community building” [34]. Comparing approaches with bench-
marks can be seen as a maturity indicator (see [33]).

Most notably there are no benchmarks applied for archi-
tecture analysis methods, although analysis methods for the
same analysis goals could very well be compared against a
common benchmark. Our impression from the study is that
the reason for this lack of comparison lies not only in the
different analysis goals (e.g., security, performance, etc.), but
also in the different architecture representations on which these
analyses operate. The same applies to architecture optimization
methods, which are well-suited comparing their optimization
results in benchmarks. This confirms earlier observations by
Aleti et al. [36]. However, only one of the investigated papers
employed a benchmark for optimizations: Cardoso et al. [37]]

use a Hadoop benchmark that produces read and write opera-
tions on the distributed Hadoop file system HDFS to evaluate
their improvement on dynamic architecture reconfiguration.

Besides the papers that employ benchmarks, the input
data made available for case studies (see [Table TV)) should
be investigated for their suitability for benchmarks by the
respective researchers working with these research objects.

We propose (P3) that the SA research community fosters the
provision of replication packages, e.g., by highlighting papers
with replication packages by using ACM artifact badges [38]].
While the provision of tools and input data is very helpful for
readers, replication packages, e.g., additionally fix versions of
the artifacts or permit easy replication of the results and charts
shown in the paper. Ferro and Kelly [39] report on a survey
with positive feedback and responses of having replication
badges introduced. As a community, we should motivate
to increase the confirmability and the repeatability, which
includes the provision of replication artifacts where possible.
Alternatively, the community could introduce a replication
track that explicitly calls for replication studies.

Recently, the community increased the availability of repli-
cation artifacts (see RQ 1.3). We think that following this trend
would be valuable for the community, to have more papers
that provide more empirical evidence and make their artifacts
available. Wrt. our observations in this review and the goal to
have a better replicability for a higher percentage of papers,
we see a benefit of ICSA introducing open science principles
and an artifact evaluation track with badges for reproducible
artifacts in their CfP. It should be noted that not all papers must
follow open science principles or present empirical research
to not repel qualitative work and industry participation.

We propose (P4) that the community builds guidelines on
which properties are important to be evaluated for which
research objects, which evaluation methods are most-suitable
for them, and which threats to validity should be discussed
for these methods. This can serve as a basis for researchers to
identify relevant properties, but also for reviewers to identify
whether the relevant properties are addressed.

Besides the clusters “Does it work?” and “Is it fast?” we
see many different properties evaluated, but we do not observe
that a systematic approach is followed. There are multiple
potential interpretations for this observation. The community
might view the evaluation whether it works” and whether it
is sufficiently fast” as a good point to report about a research
object. Either a thorough evaluation of further properties
seems unnecessary or is reported at other venues. Another
interpretation is that there is a lack of common agreement of
which properties should be evaluated for a research object.
There seems to be no common agreement on what threats to
validity to consider for specific evaluation methods and how
to present them, although multiple guidelines for threats to
validity exist (for an overview see Peterson et al. [40]).

Especially early career researchers might benefit from hav-
ing a guidance on which properties are important to evaluate
for their research object, which methods can be used for
that, and which threats to validity should be considered and



reported. It remains to be discussed whether general guidelines
from software engineering should be adapted for SA research
or concrete SA guidelines should be developed. The authors
propose to use the Empirical Standards [6] as a basis for
such a guideline. However, the community should accept when
diversion of these guidelines are argued, to stay open for novel
types of research, that cannot comply with such guidelines due
to their novelty.

V. THREATS TO VALIDITY

We discuss threats to validity of our review and potential
biases based on the guideline of Kitchenham and Charters [2]]
in the following categories:

1) Selection and Publication Bias: An incomplete data set
of included publications is one of the main threats to validity.
In our case, we systematically used manual search (i.e., no
random selection) of the ECSA and ICSA conference series
within a time frame of 5 years (2017-2021). The results
and insights are strictly limited to this body of literature.
We can overcome this limitation by expanding the time span
and by taking further SA research venues into account to
verify and consolidate our results or by using a different
search strategy (e.g., database search) in future work. We
consider ECSA and ICSA as the major venues for SA research.
Further venues include more general conferences (e.g., the
International Conference on Software Engineering ICSE) or
related journals (e.g., the Journal of Software and Systems
JSS), but also co-located workshops at ECSA and ICSA.

2) Measurement and Exclusion Bias: To avoid this bias,
we used inclusion and exclusion criteria (i.e., full papers in
the SA research field are chosen according to our research
goals). Additionally, we conducted a briefing in advance with
all reviewers to inform about the review process and technical
support. Moreover, we manually assigned every ECSA and
ICSA paper to two reviewers for further data extraction. The
classification proposed in terms of our data extraction items
was predefined using a pilot study. Unclarities and ambiguities
during the data extraction were resolved in a discussion with
the first three authors of this paper.

3) Performance Bias: We documented our method design
in a written protocol and used a wiki to document all artifacts
of our conducted review process (e.g., inclusion and exclusion
criteria, data extraction form including definition of all classes,
review process). Additionally, we gave an illustrative example
for the data extraction in our briefing, clarified open questions,
and gave an introduction into the tool-support. The process
conducted in this SLR has some minor deviations from the
recommendations of the guideline of Kitchenham and Charters
from 2007 [2]: As stated in Section we did not apply
quality assessment, because excluding more studies would be
a threat to validity. Especially, we did not want to further
assess the papers regarding their empirical method design but
instead analyzed the state of practice regarding evaluation
and replicability. Although Kitchenham does not prescribe to
measure the inter-rater agreement, it helps to understand the
clarity of the data extraction form. We did not measure the

inter-rater agreement, because our review process controlled
it: the two reviewers for a paper discussed pairwise differences
in their review to come to an agreement. Where no agreement
could be achieved between the two, a third reviewer was asked
for help. After these discussions all reviewers agreed upon a
shared review.

VI. RELATED WORK

In the following, we identify and present the following main
areas that are related to our work. Namely, literature studies on
SA research, literature studies on evaluation methods as well
as validity and replication issues in software engineering (SE)
research. All of theses papers use the same research method
(i.e., secondary studies). Furthermore, we regard guidelines for
conducting and evaluating research methods as another related
area. Finally, we also present works that use other research
methods (e.g., online questionnaires or experience report), but
also focus on meta-research (i.e., research on research) in SA.

a) Secondary Studies on Software Architecture Research:
We regard literature studies on SA research as related that do
not focus on a single sub-discipline of SA research.

Qureshi et al. [41] performed a literature review to synthe-
size empirical work (i.e., evidence) in SA and report trends,
patterns and knowledge gaps in this area. They first analyze
SA areas (e.g., SQ design, SA documentation/description, etc.)
and identify trends in this point. In addition, they investigate
the strength of empirical evidence (e.g., action research) in
terms of source of evidence and methods used. They did not
analyze any interdependencies or interrelations in their work.

Galster and Weyns [[1] aim to assess the state of practice
of empirical SA research in a literature study. They argue
how important empirical research in SA is to gain insights
about phenomena, to increase confidence into a new solution
approach, and to create evidence for the validity of gained
research results. Therefore, they conduct an analysis of which
empirical methods are most prominent, what the role of human
participants in SA papers is, and which validity concerns
are addressed. In contrast, we also include non-empirical
methods as evaluation method and, moreover, focused on
replication issues associated with empirical work to investigate
trustworthiness beyond validity threats.

b) Secondary Studies on Evaluation Methods, Validity
and Replication Issues in Software Engineering Research:
We regard literature studies as related, that address evaluation
methods, corresponding threats to validity and replication
issues in SE (i.e., papers of evaluation types not specific to
SA research and that do not investigate evaluation methods
according to the corresponding research object or its property).

First, the proposed validation types (i.e., analysis, evalua-
tion, experience, example, and no validation or blatant asser-
tion) of Shaw [42] should categorize strategies to investigate
a research problem in SE. A literature study of ICSE papers
form 2002 is conducted to validate these categories of all
submitted (i.e., including rejected papers) and only accepted
papers. Follow-up studies by Theisen et al. [43] (literature
review of ICSE 2016 submitted and accepted papers) and



Bertolino et al. [44] (literature review of ICSE, ESEC/FSE
and ASE accepted papers from 2012-2016) validated and
consolidated the categorization scheme in this point based
on the body of considered literature. Thus, they provide, in
contrast to our review, specific validation types where concrete
evaluation methods (e.g., case study, grounded theory, etc.) are
clustered and not named directly, but described due to their
characteristics listed above.

Second, Glass et al. [45] examine research methods (e.g.,
action research, conceptual analysis, data analysis) in six
leading research journals in the SE research field. They regard
a more detailed level of research technique like we do in our
study. The paper concludes that methods and approaches in
SE research are narrow.

Third, Zelkowitz and Wallace [46] also proposed similar
validation categories (i.e., twelve-model classification scheme
for performing experimentation within the software devel-
opment domain) to examine the extent to which SE papers
validate the claims made in those papers. Theses are specific
to methods for experimental or empirical studies. In contrast to
their study, we also regard non-empirical evaluation methods
for SA research objects.

Regarding Threats to Validity Feldt and Magazinius [7]
outline that for the quality of a research study the consideration
of threats to validity regarding the results and the study itself
is very important. Based on existing advice and guidelines,
they provide an overview of possible threats in empirical
SE research. With the performance of a literature review of
43 papers published in the ESEM conference, they analyzed
validity issues. Based on this analysis, they present, among
others, recommendations on how to better support validity
analysis in the future. Furthermore, Wright et al. [47]] discuss
challenges to internal, external, and construct validity in SE
research and investigate via literature study (i.e., papers of
ICSE and FSE conference using real world software systems)
whether issues of external validity are properly addressed.
Regarding replication issues we see the mapping study of Cruz
et al. [48] as related, as the authors conducted a literature study
by including papers published form 2013 to 2018 that reported
at least one replication of an empirical study in SE.

c) Guidelines for Venues and Research Methods: As this
paper aims to support researchers on how to conduct and
assess SA research validation, we consider guidelines of con-
ferences or journals (e.g., [49]], [50]) and of SE paper quality
initiatives (cf. The ACM SIGSOFT Empirical Standards [6])
as another related area to our work.

d) Meta-Research in Software Architecture: Galster et
al. [51] discuss issues in empirical SA research, such as poorly
designed and communicated studies, lack of replications, and
little practical relevance. They consulted 455 programme com-
mittee members of all editions of major SA conferences (i.e.,
CBSE, ECSA, ICSA, QoSA, and WICSA) in a questionnaire
to get a deeper understanding of perceptions of SA researchers.
They look at SA as a research sub-field of SE, noting that these
issues can also be observed in the larger context of software
engineering research.

Also Falessi et al. [52] (previous work in [53]) map the
empirical paradigm with respect to its applicability to SA
research. They state that the major efforts in SA research
by developing new methods, techniques, and tools should be
aligned with a rigorous empirical assessment. In an experi-
ence report, they describe thirteen challenges and ten lessons
learned that they derived from the use of, e.g., controlled
and replicated experiments. In conclusion, they support and
suggest a greater synergy between the empirical SE and SA
communities.

VII. CONCLUSION

In this paper, we categorized software architecture research
wrt. their evaluation and replicability (goal G1) and created
an overview of the current state of practice in evaluating
software architecture research (goal G2). Therefore, we created
a classification schema for the validation of software archi-
tecture research evaluations, conducted a systematic literature
review of full technical papers published at ECSA and ICSA
from 2017 to 2021. We analyzed 153 full papers, discussed
our findings, and presented proposals for improvement. Our
research questions address (1) the distribution of research
objects and how they are evaluated, the provision of replication
artifacts, and trends over time, (2) the relations between
research objects, evaluation methods, evaluated properties,
replication artifacts, and (3) guidelines applied for discussing
evaluations and threats to validity.

We observe that architecture analysis and design methods
are the most reported research objects and diverse research
objects are reported about in the investigated papers. Technical
experiments and case studies as the dominant evaluation
methods focus on the validation over a single phenomenon.

The major evaluation methods applied in the body of
literature do not focus on generalizability and there is a lack of
discussion about the external validity of studies. There are also
few comparative studies, such as benchmarks. Most papers
(89%) do not provide replication packages and only about
33% make input data or tools available that were used in the
evaluation. The provision of artifacts increased since 2019,
with ICSA introducing replicability and open science aspects
in their CfPs since 2020. There are, however, evaluation arti-
facts available in the investigated papers, that can be used by
the community, e.g., to build benchmarks for different research
objects and properties to check. We listed in[Table IV]potential
candidates from the list of papers with case studies that make
their input data available. In our discussion, we present four
proposals to improve the evaluation (see [Section TV-A).

Researchers can use our results, e.g., to get an overview
about the practice of evaluating software architecture research
objects and to find examples for evaluations of comparable
research. Reviewers can use our results to compare the eval-
uation and replicability of submissions with the state of the
practice. In future work, we will investigate the development
of guidelines about which properties should be evaluated for
specific research objects and which evaluation methods are
feasible for them.
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