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In recent years, the use and investigations about Grey Literature (GL) increased, in particular, in Software Engi
neering (SE) research. However, its understanding is still scarce and sometimes controversial, such as interpreting
GL types and assessing their credibility. This study aimed to understand the credibility aspects that SE researchers
consider in assessing GL and its types. To achieve this goal, we surveyed 53 SE researchers (who answered that
they have used GL in our previous investigation), receiving a total of 34 valid responses. Our main findings show
that: 1) GL source produced or cited by a renowned source is the main credibility criteria used to assess GL, 2) most
of the GL types tend to have a Low to Moderate level of Control and Credibility, 3) there is a positive statistical
correlation between the level of Control and Credibility for most GL types, and 4) the different respondent profiles
shared similar opinions about the credibility criteria. Our investigation contributes to helping future SE researchers
that intend to use GL with more credibility. Additionally, shows the need for future studies to better understand the
GL types in SE research.
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1 Introduction
Grey Literature (GL) refers to a kind of publication that does
not go through a peerreviewed process before its publica
tion (Petticrew andRoberts, 2006). Some areas of knowledge
have used and investigatedGL. For instance, inManagement,
Adams et al. (2016b) investigated how GL could be used
with relevance for management and organization studies. In
Science of Information (Schöpfel and Prost, 2020), there is
an investigation about the term and concept of GL in scien
tific papers.
In Software Engineering (SE), many researchers interpret

GL as any material that was not formally peerreviewed
and published (Garousi et al., 2019). In the last years, SE
researchers increased their interest to investigate GL, mo
tivated by the growth of social media and communication
channels that SE practitioners use to communicate, exchange
problems and ideas (Storey et al., 2017), including, for in
stance, code hosting websites such as GitHub (Coelho et al.,
2020) and communication platforms such as Slack (Stray and
Moe, 2020).
In SE, several studies investigated and recognized the im

portance and usefulness of GL. For instance, Garousi et al.
(2016) explored the benefits of GL for Multivocal Literature
Reviews, showing what the secondary studies gained when
considered GL and what was missed when it was not consid
ered. Other studies (Williams and Rainer, 2017; Rainer and
Williams, 2018) investigated the benefits and challenges of
using blog content for SE research, and how to improve its
use by selecting GL content with more credibility. Despite
the increase in investigations in this field, there are somemis
understandings about GL and its diversity types (Tom et al.,

2013; Kamei et al., 2021), and how the set of credibility crite
ria investigated in previous studies (e.g.,Williams andRainer
(2017)) could be used and interpreted to the diversity types
of GL (Kamei et al., 2021).
According to Adams et al. (2016a), the different types

of GL could be classified in terms of the “shades” of grey,
which groups GL according to two dimensions: Control and
Credibility. Garousi et al. (2019) explained these dimensions
as follows:Control is the extent to which content is produced,
moderated, or edited in conformance with explicit and trans
parent knowledge creation criteria. On the other hand, Credi
bility is the extent to which we can determine the producer’s
authority and knowledge.
In this paper, we begin by studying the different percep

tions of SE researchers about GL. We then focused on study
ing how GL could be assessed considering its different types.
For each study, we surveyed Brazilian SE researchers. In the
first survey—which was published previously (Kamei et al.,
2020) — we investigated how Brazilian SE researchers use
GL, focusing on understanding which criteria they employed
to assess its credibility as well as the benefits and challenges
they perceived. In the second survey (the novel contribution
of this paper), we focused on how Brazilian SE researchers
that previously used GL perceived the criteria to assess the
different GL types according to Control and Credibility.
In the following, we list our main findings (S1 means Sur

vey 1, while S2 means otherwise):

S1 We identified themain GL sources used by the Brazilian
SE researchers;

S1 We identified several motivations to use (or to avoid)
GL;
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S1, S2 We identified that the main criteria employed by Brazil
ian SE researchers to assess GL credibility are: GL
source be provided by renowned authors, institutions,
companies, or cited by a renowned source;

S2 GL is not widely used as a reference in scientific studies;
S2 We identified different interpretations to assess GL

types, showing the importance to consider each type in
particular;

S2 We identified for most of the GL types a strong to
very strong positive correlations (pvalue <= 0.05%)
between the perceptions of the level of Control and
Credibility;

S2 We did not find a significant correlation (pvalue <=
0.05%) between the perceptions of Control and Cred
ibility to GL types when considering the respondent’s
profile;

S2 We perceived misunderstandings about whether a
source type is considered a GL type or not, mainly re
lated to the most classified sources as High Control and
High Credibility.

This paper is structured as follows: Section 2 presents the
core concepts of this work. Section 3 shows the research
questions explored with their rationales. Section 4 exposes
the methods employed to conduct, analyze and synthesize
the data collected. Section 5 summarizes the answers to the
researcher questions (RQ1–RQ4) of the previous investiga
tion (Kamei et al., 2020). Section 6 provides the answers to
the research questions (RQ5–RQ6) specifically for this in
vestigation. Section 7 presents the discussions about the find
ings, lessons learned, and the threats to the validity of this re
search. Section 8 provides the description and comparison of
the related works. Finally, Section 9 exposes the conclusions
and future works.

2 Background
Grey Literature (GL) has many definitions. However, the
most known is called as Luxembourg definition (Garousi
et al., 2019), approved at the Third International Conference
on Grey Literature in 1997, that stated: “[GL] is produced on
all levels of government, academics, business, and industry
in print and electronic formats, but which is not controlled by
commercial publishers, i.e., where publishing is not the pri
mary activity of the producing body.” Focusing on Software
Engineering (SE) research, recently, Garousi et al. (2019)
proposed the following definition: “Grey literature can be
defined as any material about SE that is not formally peer
reviewed nor formally published.”
Considering those definitions, they showed a wide con

cept what would be considered a GL, showing that it can be
produced in different ways. However, it may lead to a mis
understanding. For this reason, Adams et al. (2016a) intro
duced some terms to distinguish the different concepts about
grey, including grey literature, grey data, and grey informa
tion. The term “grey data” describes usergenerated web con
tent (e.g., tweets, blogs, videos). The term “grey information”
is informally published or not published (e.g., meeting notes,
emails, personal memories). However, SE literature hardly

distinguishes these terms. Similarly, we considered all forms
of grey data and grey information as GL in our work.
Beyond the GL types, Adams et al. (2016b) classified GL

according to “shades of grey”. In SE, Garousi et al. (2019)
adapted these shades according to three tiers, as shown in
Figure 1. In this figure, on the top of the pyramid is the “tra
ditional literature” with scientific articles from conferences
and journals. On the rest of the pyramid are what we called as
three tiers of GL. These tiers are running according to two di
mensions:Control andCredibility. The first dimension runs
between extremes “low” and “higher” and the second runs
between extremes “unknown” and “known”. The darker the
color, the less moderated or edited the source in conformance
with explicit and transparent knowledge creation criteria.

Figure 1. The “shades” of grey literature, adapted of Garousi et al. (2019).

Recently, GL was used and investigated in SE research
for many purposes. For instance, primary studies explored
the GL available on several social media sources used by
SE practitioners. For instance, Rainer and Williams (2018)
assessed the importance of blog posts to SE research, and
Oliveira Oliveira et al. (2021) investigated several Java
projects fromGitHub to evaluate the developers’ skills based
on the source code activities.
The presence ofGL in secondary studieswas notable in the

investigations conducted by Zhang et al. (2020) and Kamei
et al. (2021) and by the increase in studies based on Grey
Literature Reviews (GLR) (e.g., RaulamoJurvanen et al.
(2017) and Soldani et al. (2018)) and Multivocal Litera
ture Reviews (MLR) (e.g., Garousi et al. (2017) and Saltan
(2019)). Explaining these types of study, a GLR is a sec
ondary study that explores the evidence, looking at only GL
sources, and aMultivocal Literature is also a secondary study
that searches for GL and traditional literature.
Even with this increase in interest in GL, its use is recent

in the SE research (Zhang et al., 2020; Kamei et al., 2021).
and there are some gaps and different findings of GL in SE re
search. For instance, Kamei et al. (2021) identified that there
is a lack of understanding of what is considered a GL type,
and previous studies provide different criteria to assess GL
credibility (Kamei et al., 2020; Williams and Rainer, 2019).

3 Research Questions
In this section, we stated our research questions and the ra
tionale for their purposes.
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RQ1:Why do Brazilian SE researchers use grey litera
ture?

Rationale: Recently, SE practitioners have relied on social
media and communication channels to share and acquire
knowledge (Storey et al., 2017). On the one hand, some re
searchers try to take advantage of its use in SE research. For
instance, Rainer and Williams (2018) explored the benefits
and challenges of blog articles as evidence in SE research. On
the other hand, some concerns (e.g., lack of detail and lack of
empirical methods) related to GL could make SE researchers
skeptical about their credibility (Rainer and Williams, 2019).
In this broad question, we intend (i) to understand if Brazilian
SE researchers are using GL and, if so, (ii) what motivates
them to use, or if not, (iii) the reasons that lead to not using
GL.

RQ2: What types of grey literature are used by Brazil
ian SE researchers?

Rationale: According to Adams et al. (2016a), GL has many
forms, from traditional mediums such as question & answer
websites and blogs to more dynamic mediums such as Tele
gram and Slack. For this reason, Bonato (2018) emphasized
the importance of exploring the GL definition and its types
for each research area. There is a lack of understanding of
GL types, precisely that the Brazilian SE researchers used.
This research question sought to investigate what Brazilian
SE researchers often use GL sources. A better understanding
of the GL types could guide future research in this area.

RQ3: What are the criteria Brazilian SE researchers
employ to assess grey literature credibility?

Rationale: Software Engineering research uses GL sources,
such as data provided by practitioners retrieved from several
social media and communication channels. However, as GL
is, by nature, a not peerreviewed source, SE practitioners are
free to share their thoughts using social media, for instance,
without worrying about methodological concerns. Thus, it
is essential to assess GL sources to ensure the selected GL
is appropriate for the study. Answering this question will
help us understand the credibility criteria that Brazilian SE
researchers consider.

RQ4: What benefits and challenges Brazilian SE re
searchers perceive when using grey literature?

Rationale: According to Storey et al. (2014), the SE re
search community has increased its interest in GL since the
widespread presence of SE professionals using social me
dia and communication channels. For instance, exploring the
Stack Overflow, Zahedi et al. (2020) found some trends and
challenges in continuous SE that researchers could better ex
plore. In this question, we are interested in understanding
the (i) benefits and (ii) challenges that researchers may face
when resorting to GL. Answering this question is essential to

understand the potential benefits and challenges of using GL
more broadly by researchers.

RQ5:How do SE researchers prioritize a set of criteria
to assess grey literature credibility?

Rationale: In our first investigation (Kamei et al., 2020), we
provided a set of criteria used by Brazilian SE researchers
to assess GL credibility. Previous literature (Williams and
Rainer, 2019) also identified another set of criteria. In this
question, we focused on understanding the importance of
those criteria to assess GL credibility.

RQ6: What is the perception of Brazilian SE re
searchers about the different types of Grey Literature
according to the perspective of Control and Credibil
ity?

Rationale: Due to the diverse nature of the GL types, some
studies suggested that GL needs to be assessed in different
ways (Garousi et al., 2019). For this reason, Adams Adams
et al. (2016b) classified its types according to the shades of
grey. This classification is based on two dimensions: Con
trol and Credibility. Control refers to the rigor with which
a source is produced. Credibility, the extent to which the
knowledge and producer authority can be determined. Nev
ertheless, this understanding and classification are still con
fused. This research question sought to understand how
Brazilian SE researchers commonly perceived the GL types
according to the (i) Control and (ii) Credibility.

4 Research Methods
In this work, we followed (Linåker et al., 2015), aiming to
use a survey methodology for data collection. This data was
collected from a group of people sampled from a large popu
lation.We conducted two surveys. The first (Survey 1) aimed
to understand theBrazilian SE researcher’s perceptions about
GL. The second (Survey 2) investigated only the Brazilian re
searchers from the first survey who answered that they used
GL.
In the following sections, we detailed the procedures used

to conduct Survey 1 with participants of a flagship confer
ence of SE in Brazil (Section 4.1). Then, we present the pro
cedures used for Survey 2 that focused on the researchers
that have experience using GL (Section 4.2). Finally, we pro
vide the methods used for the analysis of both surveys (Sec
tion 4.3).

4.1 Survey 1: Initial investigation with the
Brazilian SE researchers

In Survey 1, we intended to gather a broad perception of GL
used by Brazilian SE researchers, focusing on understand
ing the motivations to use (or avoid), the types of GL used,
the benefits and challenges, and the criteria used to assess its
credibility.
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4.1.1 Survey Design

We conducted our survey with participants of the 10th Brazil
ian Conference on Software: Practice and Theory (CBSoft),
the largest Brazilian software conference with many SE re
searchers’ participation. It includes wellestablished and spe
cialized satellite SE conferences in its domain. Our popula
tion comprehends SE researchers potentially interested in us
ing GL in their research. We chose our sample using non
probabilistic sampling by convenience (Baltes and Ralph,
2021).
Before sending the final survey version, an experienced re

searcher (Ph.D. SE researcher with more than 15 years of ex
perience in research) reviewed our draft. We also conducted
a pilot study by randomly selecting two participants and ex
plicitly asking for their feedback. We received feedback sug
gesting changing the order and rewriting some questions to
make them more understandable to the target population.
We obtained the contact of all the 252 participants, asking

the conference’s general chair whether s/he could share this
information with us, which s/he gently provided.1
We used two approaches to invite the researchers to an

swer our questionnaire. First, we placed posters on the
event’s walls and tables with a brief description of the work
and the link to the online survey. Second, we sent the actual
survey to the 250 remaining participants of the event. In the
invitation email, we briefly introduced ourselves, presented
the research’s purposes, highlighted that the invite was to the
participant of the CBSoft, and the link to the online survey.
We also mentioned that the participant was free to withdraw
at any moment, and all information stored was confidential.
The survey was open for responses from September 26th

to October 11th, 2019. We received a total of 76 valid an
swers (30.4% response rate). We did not consider the pilot
survey answers.

4.1.2 Survey Respondents

Among the survey respondents, 48.7% have a Ph.D., 31.6%
have a Master’s, 2.6% are graduate specialization, 14.5%
have a Bachelor’s degree, and 2.6% are undergraduates.
Among them, 72.4% are men, and 27.6% are women. Ta
ble 1 presents the demographics’ information about the re
spondents and their experience using GL or not. This table
shows that most respondents with Ph.D. and Master’s de
grees answered that they were using GL.

1In the period of this research, the Brazilian General Data Protection
Law was not yet officially published.

Table 1. Demographics information of the Survey 1 respondents.

Gender Level of course Used GL Not used GL

Woman Doctorate 5 5
Man Doctorate 24 3
Woman Master 4 2
Man Master 15 3
Woman Expert 1 1
Man Expert 0 0
Woman University graduate 0 2
Man University graduate 2 7
Woman Technical education 0 0
Man Technical education 0 0
Woman High school 1 0
Man High school 1 0

4.1.3 Survey Questions

Our survey had 11 questions (three were required, nine of
which were open).We used different questions flow for those
who used GL (did not answer question 10) from those who
did not (answered only questions 1 to 4 and questions 10 and
11). Table 2 presented the questions covered in this survey.

4.2 Survey 2: Investigating Brazilian SE re
searchers that use Grey Literature

In this survey, we intended to do a followup survey to col
lect perceptions only with the Brazilian SE researchers from
Survey 1, who answered that they have previously used GL.
We focused on the perceptions of the different GL types con
cerning the dimensions of Control and Credibility.

4.2.1 Survey design

Using a nonprobability sample by convenience (Baltes and
Ralph, 2021), we invited by email once again the 53 re
searchers that participated in our Survey 1 and mentioned
the use of GL.
We first drew our questionnaire and improved it through

the conduction of three sequential steps: 1) A pilot study with
five Ph.D. SE researchers; 2) Another SE researcher special
ist assessed the questionnaire; and 3) Received feedback of
a participant relating a problem in the first hours after open
ing the survey. For this reason, we closed the survey to stop
receiving answers.
Then, we deleted all answers previously received and sent

a new questionnaire version to the researchers. We opened
the survey for answers from February 10th to March 4th,
2021. We received a total of 34 valid answers (64.1% re
sponse rate). We did not consider the pilot survey answers.

4.2.2 Survey Respondents

In this survey, as we retrieved our sample from the previous
one who answered that they had used GL, we did not ask the
same questions (e.g., gender, academic degree). Instead, we
collected information about their experience in SE research
and using GL in scientific articles.
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Table 2. Questions covered in the Survey 1.

# Question Type of question Options of answers (for closed
questions)

Required? RQ

Q1 What is your email? Open  No 
Q2 What is your gender? Open  Yes 
Q3 Please list the highest academic de

gree you have received.
Closed High school, Technical education,

University graduate, Expert, Mas
ter’s degree, Doctorate.

Yes 

Q4 Have you used grey literature? If
you never used, go to questionQ10.

Closed Yes, No. Yes RQ1

Q5 What sources of grey literature did
you use?

Open  No RQ2

Q6 In which conditions do you use grey
literature?

Open  No RQ1

Q7 In which conditions do you do not
use grey literature?

Open  No RQ1

Q8 Could you list any benefits in using
grey literature?

Open  No RQ4

Q9 Could you list any challenges in us
ing grey literature?

Open  No RQ4

Q10 If you answered ’no’ in question
four, please state why did you never
use or avoid use grey literature?

Open  No RQ1

Q11 What would be a reliable source of
grey literature for you?

Open  No RQ3

The respondents’ profile of our survey was composed of
76.5% of professors or researchers and 23.5% of undergradu
ates. Regarding SE research experience, 55.9% of the respon
dents hadmore than ten years. Considering the experience us
ing GL, 47% had conducted between 2 and 5 scientific stud
ies using GL, although 26.5% were unable to answer.

4.2.3 Survey Questions

Our second survey had ten questions (six were required, and
four were open). Table 3 presents the questions covered in
this survey. Before question 4, we produced and included a
video2 to summarize and explain the “shades of GL” accord
ing to the level of Control and Credibility.

4.3 Data Analysis and Synthesis
In both surveys, we employed a mixedmethod approach
based on both qualitative (Section 4.3.1) and quantitative
(Section 4.3.2) methods to analyze data. We used a qualita
tive approach when we were interested in questions about
“what” and “how” and a quantitative analysis using descrip
tive statistics to discuss frequency and distribution and corre
lation analysis between the dimensions of Control and Cred
ibility to each GL type. We describe these methods in the
following.

4.3.1 Qualitative analysis

We used a qualitative approach based on the thematic anal
ysis technique (Braun and Clarke, 2006). This process in

2Video explaining the “shades of GL” (in Portuguese):
https://youtu.be/hGMkVXIApR0

volved three SE researchers with previous qualitative re
search experience (one Ph.D. student (R1) and two Ph.D. pro
fessors (R2–R3)) for both surveys.
We performed an agreement analysis with the codes and

categories generated by each researcher using the Kappa
statistic (Viera and Garrett, 2005) to Survey 1. The Kappa
value was 0.749, indicating a Substantial Agreement level,
according to the Kappa reference table (Viera and Garrett,
2005). For Survey 2, we do not calculate Kappa due to the
analysis process that occurred with the researchers working
together.
Figure 2 presents a general overview of the process em

ployed. In the following, we detailed the procedure used to
analyze all the answers (adapted from Pinto et al. (2019)) of
both surveys, showing the differences employed in each sur
vey research:

1. Familiarizing with data: The process starts with two in
dependent researchers reading the answers of the survey
respondents, as expressed in Figure 2(a).

2. Initial coding: Then, for Survey 1, two independent re
searchers (R1 and R2) individually analyzed and added
codes. For Survey 2, the researchers analyzed, dis
cussed, and coded together (R1 and R2, into a dotted
box). We used a postformed code, so we labeled por
tions of text that expressed the meaning of the excerpts
without any previous preformed code. The initial codes
are temporaries, since they still need refinement. We re
fined the emerged codes throughout all the analyses. An
example of coding is present in Figure 2(b).

3. From codes to categories: Here, we already had an ini
tial list of codes. For Survey 1, two researchers individ
ually conducted this process (R1 and R2). For Survey
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Table 3. Questions covered in the Survey 2.

# Question Type of question Options of answers (for closed
questions)

Required? RQ

Q1 What is your occupation? Closed Professor/Researcher, Student
(M.Sc. or Ph.D.), Other (open).

Yes 

Q2 How many years of experience did
you have conducting SE research?

Closed Until 1 year, From 1 and 3years,
From 4 to 6 years, From 7 to 9 years,
10 years or more.

Yes 

Q3 How many scientific studies have
you conducted using GL as source
of evidence?

Closed I do not know, No one, Only one,
From 2 and 5, From 6 and 10, More
than 10.

Yes 

Q4 We are aware that the level of Con
trol varies from source to source.
For this reason, we ask you to
consider your experience more fre
quent in relation to each source type
in relation to theControl dimension
of the production.

Closed Source types: {adapted from Maro
et al. (2018); Level of Control: I did
not consider it as a GL type, Low
Control, Moderate Control, High
Control, No opinion.

Yes RQ6

Q5 Please, explain what did you con
sider to classify each source type
with the Control criteria presented
in Question 5.

Open  No RQ6

Q6 We are aware that the level of Cred
ibility varies from source to source.
For this reason, we ask you to
consider your experience more fre
quent in relation to each source type
in relation to the Credibility dimen
sion of the production.

Closed Source types: {adapted from Maro
et al. (2018); Level of Credibility:
I did not consider it as a GL type,
Low Credibility, Moderate Credi
bility, High Credibility, No opin
ion.

Yes RQ6

Q7 Please, explain what did you con
sider to classify each source type
with the Credibility criteria pre
sented in Question 7.

Open  Yes RQ6

Q8 Considering a GL source with im
portant information to your re
search, would you include a GL
source if it is produced by/with.

Closed Choices for Credibility criteria: Be
produced by a renowned author, Be
produced by a renowned institution,
Be produced by a renowned com
pany, Be cited by others renowned
sources, Describe the methods of
collection, Cites an academic ref
erence, Cites a practitioner source,
Presents information with rigor,
Presents empirical data; Choices
for answers: No opinion, No, Yes.

Yes RQ5

Q9 Could you cite any additional poten
tial aspect to assess the credibility
of a GL source that was not men
tioned before?

Open  No RQ6

Q10 We are planning to conduct a future
research about Quality Assessment
in Grey Literature. Please, could
you inform your mail to future con
tact?

Open  No 
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2, this process occurred with two researchers working
together (R1 and R2). This process begins to look for
similar codes in the data. We grouped the codes with
similar characteristics in broader categories. Eventually,
we also had to refine the categories identified, compar
ing and reanalyzing them in parallel, using an approach
similar to axial coding (Spencer, 2009). Figure 2(c)
presents an example of this process.

4. Categories refinement: Here, we have a potential set of
categories. For both surveys, in a consensus meeting be
tween R1 and R2 (Figure 2(d)), the categories were
evaluated and solved the disagreements of interpreta
tion for evidence that supported or refuted the categories
found.We also rename or regroup some categories to de
scribe the excerpts better there. In cases where disagree
ments remained, we invited a third researcher (a Ph.D.
professor) to review and solve them for both surveys.

4.3.2 Quantitative analysis

We based our quantitative investigation on three samples: (i)
We used the answers from 76 SE researchers to answer RQ1;
(ii) We used the answers from 53 researchers that mentioned
using GL to answer RQ2, RQ3, and RQ4; and (iii) We used
the answers from 34 to answer RQ5 and RQ6.
For the descriptive statistics, we highlighted that one an

swer of a respondent could be related to more than one cat
egory found. In the investigations related between the GL
types and the dimensions of Control and Credibility, we
present it into boxplots to show the differences of interpre
tations of each GL type.
We used Spearman’s rank correlation coefficient for the

correlation analysis of the Control and Credibility percep
tions for each GL type. Then, we transformed the answers
related to the level of Control and Credibility (Low, Moder
ate, High) into nonlinear scales: Low = 0, Moderate = 50,
and High = 100.
For the quantitative data analysis, we used R language and

Python. This last, with the support of Google Colab3.

5 Previous Results
In this section, we summarized the findings of our first study
to present answers to RQ1–RQ4. To understand these re
search questions, consider reading the previous study (Kamei
et al., 2020).
To each RQ, we summarized the categories in tables with

the total number of occurrences of a given category in the
column “#”. Two critical observations are required: 1) The
researchers may have reported more than one answer per
question, which may happen to be grouped into different cat
egories; and 2) Some questions are not required. Thus, the
overall results might not reach 100% of respondents.

3https://colab.research.google.com

RQ1:Why doBrazilian SE researchers use grey
literature?

In our Survey 1, we identified 53 SE researchers using GL
for research purposes. Focusing on understanding better why
and how SE researchers are using GL or avoiding its use, we
asked questions that included the motivations to use GL or
reasons to avoid it. In the following, we present a summary
of the (i) motivations to use GL and (ii) and the reasons to
avoid or never use GL.

(i) Motivations to use

Table 4 presents the identified SE researchers’ motivations
to use GL. In this table, the first column describes the moti
vation identified, followed by the number of respondents re
lated to the category and the percentage associated with the
total of SE researchers that used GL (n=53). In the following,
we briefly describe some motivations.

Table 4.Motivations to use GL.

Motivation # %

To understand the problems 28 52.8%
To complement research findings 12 22.6%
To answer practical and technical questions 10 18.9%
To prepare classes 4 7.5%
To conduct government studies 1 1.9%

To understand problems was the most cited motivation to
use GL, where several researchers noted the use of GL for
some reasons: to understand or investigate a new topic, or to
search for something to solve problems, or to acquire specific
information to deepen the knowledge.
To complement research findings was the second most

cited motivation, mentioned when the knowledge gained
from the traditional literature is not enough for the investiga
tion. For instance, a researcher noted the use of GL to com
plement the findings of a Mapping Study.
To answer practical and technical questionswas the third

most cited motivation, related to the necessity to understand
the state of the practice in SE.
Other motivations were mentioned but to less extent, such

as To prepare class and To conduct government studies.

(iii) Reasons to avoid/never use

Even though several motivations to use GL were identified,
50.9% of SE researchers (27/53) avoid using GL as a ref
erence or to reinforce some claims in scientific studies. We
also found some researchers that never used GL (23/76 oc
currences, 30.3%) to any research situations. We used this
value to analyze the extent of each category about reasons
to never use GL. Of the 23 respondents that never used GL,
only 15 answered the reason. Table 5 presents the summary
of the findings for this question. In the following, we briefly
describe the reasons to avoid GL.
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Figure 2. Example of a coding process used to analyze the questionnaire answers.

Table 5. Reasons to avoid/never use GL.

Reason # %

Lack of reliability 6 26%
Lack of scientific value 3 13%
Lack of opportunity to use 3 13%

Lack of reliabilitywas themain reason that SE researchers
mentioned not to use GL. This is related to the lack of rigor
in which GL sources are written and published, which affects
its credibility.
Lack of scientific value was another category mentioned,

where the researchers were afraid that the use of GL would
weaken a research paper when submitted to the peerreview
process.
Lack of opportunity to use was related to the nature of

research previously conducted and because GL is recent in
the context of SE.

Summary of RQ1: Brazilian SE researchers use GL mo
tivated mainly to understand new topics, find information
about practical and technical questions, and complement re
search findings. However, some researchers avoid GL, par
ticularly as references in scientific papers, due to its lack of
reliability and scientific value.

RQ2: What types of grey literature are used by
Brazilian SE researchers?
In this question, we explored the GL sources used by the 53
SE researchers that mentioned use GL. Table 6 listed these
sources. In the following, we briefly present some of our find
ings.

Q&A websites was the most common source mentioned,
used to interact with other users, create content, post com
ments, and assess the content. Some examples of sources
mentioning Q&A websites were Stack Overflow and Quora.
Blog post was the second most common category found.

Blogs from renowned practitioners and from companies that
produce a diversity of material and content of SE and soft
ware development, in general, were mentioned.
Technical reports were mentioned for SE researchers that

used technical experience, reports, and surveys derived from
industry and national and international research groups.
Companies websites provided by Google, Facebook, and

ThoughtWorks, containing information regarding their tech
nologies, methods, and practices, were mentioned as sources
used. Some researchers said browsing these websites to find
news to help decisionmaking about a specific technology.

Table 6. GL sources used by SE researchers.

Source # %

Q&A websites 16 30.2%
Blog posts 15 28.3%
Technical reports 14 26.4%
Companies websites 8 15%
Preprints 5 9.4%
Books/Book chapters 5 9.4%
Software repositories 4 7.5%
Videos 3 5.7%
Magazine articles 3 5.7%
News articles 2 3.8%

Summary of RQ2: Brazilian SE researchers are using sev
eral GL sources. The most common are Q&A websites, blog
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posts, technical reports, and companies websites.

RQ3: What are the criteria Brazilian SE re
searchers employ to assess grey literature cred
ibility?
In this research question, we explored the answers in one
openended question the criteria of how the SE researchers
assess GL credibility. Table 7 summarized our findings. In
the following, we briefly describe the criteria identified.
Renowned authors was the criterion most cited, in which

SE researchers considered the author’s experience and repu
tation concerning the topic. For instance, Martin Fowler was
cited as a notorious software engineer with much knowledge.
Renowned institutions was another crucial criterion,

where SE researchers assess if renowned institutions or
renowned research groups provided the GL content.
Cited by otherswas a criterion mentioned to express those

researchers that considered as a trusted source cited by others
(studies or people).
Renowned companies was a criterion identified that con

sider relevant when renowned software industries or portals
produce the GL source.

Table 7. Criteria to assess GL credibility.

Criteria # %

Renowned authors 15 28.3%
Renowned institutions 14 26.4%
Cited by a renowned source 8 15%
Renowned companies 7 13.2%

Summary of RQ3: Whoever produces GL’s content,
whether made by a person, institution, or company since the
producer is considered renowned, is a significant credibility
criterion.

RQ4: What benefits and challenges Brazilian
SE researchers perceive when using grey liter
ature?
In this research question, we explored the benefits and chal
lenges on the GL use mentioned by SE researchers. Table 8
summarizes the benefits and Table 9 the challenges. In the
following, we briefly describe some of them.

Table 8. Benefits of the use of GL.

Benefit # %

Easy to access and read 16 30.2%
Provide a Practical Evidence 13 24.5%
Knowledge acquisition 13 24.5%
Updated information 6 11.3%
Advance the state of the art/practice 5 9.4%
Different results from scientific studies 3 5.7%

Table 9. Challenges of the use of GL.

Challenge # %

Lack of reliability 34 64.2%
Lack of scientific value 15 28.3%
Difficult to search/find information 6 11.3%
Nonstructured information 6 11.3%

(i) Benefits

Easy to access and read was the most common benefit men
tioned, mainly because most GL sources are open access, are
quickly recovered by free search engines, and the contents
are usually easy to read.
Empirical evidence was another essential benefit men

tioned, showing that GL provides evidence from the SE in
dustry to understand the state of the practice.
Knowledge acquisition was mentioned as a benefit, as

GL allows expanding knowledge with different information
from what is usually obtained in traditional literature.
Updated information was mentioned because the produc

tion of GL content happens fast compared with traditional
literature, mainly related to technical content.
Advance the state of the art/practice was mentioned due

to the importance of GL to understand better the industry and
to provide evidence to find relevant gaps in the practice.
Advance the state of the art/practice was mentioned due

to GL’s importance in understanding the industry better and
providing evidence to find essential gaps in the practice.
Different results from scientific studies was mentioned

because some researchers considered GL essential to provide
additional knowledge not yet available in the research area.

(ii) Challenges

Lack of reliability was the main challenge the researchers
perceived, where some questioned the reliability of the data
retrieved from GL.
Lack of scientific value was the second category most

cited. Some researchers mentioned that they did not feel com
fortable using GL as a reference in scientific works due to the
research community’s lack of recognition of this source.
Difficult to search/find information in GL sources was

perceived as a challenge due to the diversity of sources. Each
source has its structure and manner to provide access to the
content, and it is not easy to replicate the study that used GL.
Nonstructured information was mentioned due to the

lack of a writing pattern and a large variety of formats in
which the GL sources are published, making it difficult to
find information, for instance, using an automatic process.

Summary of RQ4:We found several benefits, the most com
mon was that the GL’s content is easy to access and read,
which is important to knowledge acquisition, mainly about
providing practical evidence derived from SE practitioners.
The most cited challenges were using GL in scientific re
search due to the lack of reliability and scientific value.
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Table 10. Prioritized criteria to assess GL credibility.

Criteria # %

Renowned authors 30 88.2%
Renowned institutions 30 88.2%
Cited by a renowned source 27 79.4%
Cites academic sourcea 26 76.5%
Present empirical dataa 26 76.5%
Renowned companies 25 73.5%
Cites practitioner sourcea 16 47.1%
Rigor in presenting informationa 12 35.3%
Describe the methods of collectiona 6 17.6%

aProposed in Williams and Rainer (2019)

6 Results

In this section, we present answers to RQ5 and RQ6, both
research questions answered by the investigation of Survey
2.

RQ5: How do SE researchers prioritize a set of
criteria to assess grey literature credibility?

In our second survey, we asked 53 researchers to prioritize
the importance of a set of criteria to assess GL credibility.
These criteria were derived from our first investigation and
found in Williams and Rainer (2019) study. We received an
swers from 34 SE researchers. Table 10 presents the result of
the ranking prioritization of credibility criteria, revealing that
essential criteria perceived by SE researchers are: GL source
be provided by a Renowned authors, Renowned institutions,
or Cited by a renowned source.

We also investigated whether the SE researchers have any
additional criterion to assess GL credibility not mentioned
in the previous survey questions. By analyzing the answers,
we did not find any new criterion that was not related to the
criteria as earlier presented in Table 10. For instance, some re
searchers mentioned that the detailed description of the pub
lication context is an important criterion. For this case, we
considered that it is already contemplated in Rigor in present
ing information criterion, previously mentioned byWilliams
and Rainer (2019). The author’s experience with the topic
was another criterion mentioned. We considered this crite
rion related to the Renowned author’s criterion identified in
our first survey.

Summary of RQ5:We assessed the prioritization of credibil
ity criteria identified in our first investigation, in addition to
those identified in previous studies. We found that the most
used criteria by SE researchers are when the GL is produced
by a renowned source, cited by a renowned authority, cites
an academic source, and presents empirical data.

RQ6:What is the perception of Brazilian SE re
searchers about the different types of Grey Lit
erature according to the perspective of Control
and Credibility?

Our last research question explored how the researchers per
ceived the different types of GL concern to the dimensions of
Control and Credibility. These dimensions are used to clas
sify the tiers of the “shades of GL.” Each dimension could be
evaluated into three levels (Low, Moderate, High). Figure 3
presents the results of classifications according to the level of
Control, and Figure 4 the results of the level of Credibility.
Even we are investigating different dimensions, interest

ingly, in some cases, the Figures 3 and 4 presented similar
behaviors. For instance, for some GL types (e.g., blog posts,
forums/list of discussions), the Low level was predominantly
in both dimensions. We also found similarities concerning
the other levels for both dimensions. For instance, some types
(e.g.,materials training, news articles, software repositories,
and tutorials) run between Low (1st Quartile) to Moderate
(2nd Quartile). Although, for a diversity of cases, the median
behavior varied.
We also found differences. For instance, considering the

level of Control to cases/services descriptions and guide
lines, the classifications run between Low (1st Quartile) to
Moderate (2nd Quartile). In contrast, for the level of Credi
bility to these GL types, we found outliers on the Low level
(1st Quartile) and outliers on the High level (3rd Quartile).
Other classifications caught our attention. For instance, re

garding the Control dimension, the opinions about the maga
zine articles are not equalized, as we identified some outliers
in both extremes (Low and High). A similar classification we
identified related to guidelines for the Credibility dimension.
In addition to classifying the levels (Low, Moderate, and

High) of the dimensions (Control and Credibility), we of
fered the possibility to the researcher to choose the options
of “I did not consider it a GL type” or “I have no opin
ion.”We included these options because even previous stud
ies (e.g., Maro et al. (2018)) presented the GL types for SE
research; in our previous investigation (Kamei et al., 2021),
we identified different interpretations, for instance, in which
some types were not considered as GL. Table 11 shows the
results of these classifications.
Comparing the findings presented in Table 11 with the in

formation presented in Figures 3 and 4, we perceived that
most of GL types classified with High Credibility and High
Control were also, many times, considered as not a GL type
(e.g., thesis, books/book chapters, and patents). Moreover,
we identified that patents are still unknown to several re
searchers.

Rationale to employ classification of each dimension
(Control and Credibility)

We asked why the researchers employed the classifications
of each GL type according to the Control and Credibility. We
identified four main reasons that are summarized in Table 12
and described in the following.
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Figure 3. Classification of each GL source type according to the level of Control. Each level of Control indicates: Low = 0; Moderate = 50; High = 100.

Table 12. Reasons to classify GL types according to the level of
Control and Credibility.

Reasons # %

Rigor 23 67.6%
Producer reputation 14 41.2%
Research experience 13 38.2%
Peer interaction 5 14.7%

Rigor (23/34 occurrences). Researchers considered the
rigor (control) of each source’s production, for instance, the
degree of formality present. In this regard, one researcher
pointed out: “Technical reports, for instance, present sys
tematic studies with high control (of production).” This cat
egory was also related to the credibility dimension, as one
researcher affirmed: “I consider that credibility is directly
related to the rigor of the publication/availability of an arti
fact.”
Producer reputation (14/34 occurrences). The pro

ducer’s reputation was considered an essential criterion to
assess Control and Credibility, as one researcher pointed out:
“The credibility relates to who is the author of the material
and to the platform being conveyed. Another one mentioned:
“Depending on the publisher, I can consider high (e.g., El
sevier) or low (e.g., autonomously published book) control.
The same applies to news: the credibility of the source influ
ences the level of control regarding stricter editorial control
in favor of the integrity of the information.”
Researcher experience (13/34 occurrences). The own re

searchers’ experience was used to employ the classification.
In this regard, one researcher pointed out: “I thought of the
examples for each type that I have used and classified them
according to my experience in dealing with each material.”
Another one mentioned that: “I considered what I have read
about grey literature.”

Peer interaction (5/34 occurrences). Another criterion
considered for assessing GL Control and Credibility was
the users’ interactions in GL sources. In this regard, one re
searcher mentioned: “Another point is that if I have a lot of
people interacting and building the content (such as Q&A
websites), I consider that it has a certain control in the final
knowledge presented there.” Another one pointed out: “In
general, I consider the control to be higher when there is a
peer review in some way, as in the case of theses and Stack
Overflow.”

Correlation analysis between the level of the dimensions
(Control and Credibility) and each GL type

We conducted our analysis using correlation statistics be
tween the two variables (Control and Credibility) to each
GL type using the Spearman coefficient. We interpreted the
Spearman coefficient according to Dancey and Reidy (2004).
To conduct this analysis, aiming to pair the samples, we re
moved the answers in which one respondent answered that
“I did not consider it a GL type” or “I have no opinion” to
at least one dimension to the same GL type.
Based on the results of Spearman’s rank correlation pre

sented in Table 13, we identified 13 GL types (13/19; 68.4%),
with correlations that varies from strong to very strong pos
itive correlations (pvalue <= 0.05% of significance). It
indicates that when the Control’s level increases, the Credi
bility tends to increase.
Considering only the group of GL types that presented

less than 95% of significance, we identified six types.
Among these types, 4 out of 6 (forums/list of discus
sions, cases/services descriptions, keynote speeches, materi
als training) had moderate correlations. For the remaining
two (books/book chapters and magazine articles), we identi
fied a negligible correlations.
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Figure 4. Classification of each GL source type according to the level of Credibility. Each level of Credibility indicates: Low = 0; Moderate = 50; High =
100.

Table 13. Types of Grey Literature: Control and Credibility corre
lation test. Notes: *Correlation is significant (strong) at the rho >=
0.4 and pvalue <= 0.05 level; **pvalue is not zero (we used three
decimal places).

Type of Grey Literature Spearman coefficient Pvalue

Blog post .441* .017
Book/Book chapter .106 .607
Case/Soft. description .341 .082
Forum/Discussion list .337 .069
Guideline .518* .004
Keynote speeches .305 .101
Magazine article .167 .377
Manual .620* .000**
Material training .308 .104
News articles .525* .003
Patent .550* .027
Q&A websites .656* .000**
Slide presentation .593* .001
Soft. Repository .652* .000**
Technical report .527* .005
Thesis .546* .013
Tutorial .688* .000**
Video .671* .000**
White paper .769* .000**

Correlation analysis between the level of the dimensions
(Control and Credibility) and the respondent profiles

After analyzing our data, a chisquare test of independence
was conducted between the respondent profiles and their in
clination to answer “I did not consider it a GL type” or “I
have no opinion”. Therefore, we evaluated if the fact that the
respondent is a professor or not has any influence in not con
sidering as GL or not having an opinion. Table 14 presents

our result.

Table 14. Chisquare test between respondent profiles and (i) Not
considered as GL, (ii) No opinion  Control, and (iii) No opinion 
Credibility.

Type of GL i ii iii

Blog post .769 .526 .959
Book/Book chapter .925 .959 .526
Case/Soft. description .959 .959 .439
Forum/Discussion list .959 .999 .959
Guideline .526 .526 .579
Keynote speeches .959 .999 .959
Magazine article .959 .526 .959
Manual .769 .526 .769
Material training .959 .999 .769
News articles .959 .999 .769
Patent .883 .393 .726
Q&A websites .769 .526 .959
Slide presentation .959 .999 .925
Soft. Repository .769 .999 .769
Technical report .959 .769 .769
Thesis .526 .999 .194
Tutorial .526 .999 .579
Video .959 .769 .579
White paper .959 959 .711

As we can see in Table 14, we did not have found a statis
tically significant association (p < 0.05) between respondent
profile and their inclination to have no opinion regarding the
level of Control and Credibility, or did not consider as a GL
type. Therefore, based on our results, we did not reject any
null hypothesis, i.e., the respondent profile did not influence
their answers, or our sample is not large enough to show this
influence.
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Table 11. The types of GL in which SE researchers have no opinion
regarding the level of Control and Credibility, or do not consider as
GL ( GL).

Control Credibility
Type of source No opinion No opinion  GL

Thesis 0 1 12
Patents 7 10 7
Books/Book chapters 2 1 6
Magazine articles 1 2 3
Case/Serv. desc 1 5 3
Manuals 1 3 3
Materials training 0 3 3
Software repositories 0 3 3
Blog posts 1 3 2
Forums / Lists 0 2 2
News articles 0 3 2
Slide presentations 0 6 2
Keynote speeches 0 2 2
Videos 3 4 2
Technical reports 3 2 2
Q&A websites 1 3 1
Guidelines 1 4 1
Tutorials 0 4 1
White papers 2 5 1

We performed another Chisquare statistical test to dis
cover if the respondent profiles affect results to their opin
ion on Low, Moderate, or High level of Control and Credi
bility. For each factor (Control or Credibility) and GL (blog
posts, books/book chapters, etc.), we populated a 2X3 contin
gency table composed of rows (i.e., respondent profile) and
columns (i.e., their opinion as Low, Moderate, or High) vari
ables. Table 15 presents the pvalue from the chisquare sta
tistical test for each contingency table.

Table 15. Chisquare test between respondent profiles and (i) Cred
ibility level and (ii) Control level.

Type of GL Credibility Control

Blog post .785 .100
Book/Book chapter .958 .722
Case/Soft. description .632 .293
Forum/Discussion list .720 .557
Guideline .769 .853
Keynote speeches .185 .853
Magazine article .539 .692
Manual .496 .069
Material training .316 .690
News articles .049 .205
Patent .651 .905
Q&A websites .567 .289
Slide presentation .478 .157
Soft. Repository .387 .261
Technical report .848 .743
Thesis .746 .844
Tutorial .132 .707
Video .755 .894
White paper .925 .752

Table 15 shows the distribution of the pvalues per compar
ison from each Chisquared test of independence. As we can
see, there is no evidence that different respondent profiles
have different opinions. The only exception regards news ar
ticles credibility. The contingency table (see Table 16) sum
marizes the results from comparing answers from profes
sors/students and news articles credibility. We conclude that
professors/researchers think that news articles are more be
lievable by analyzing this result.

Table 16.Contingency table from respondent profiles and the levels
of Credibility for news articles

Respondent profile Low Moderate High

Professors/researchers 7 1 0
Students 8 13 0

Summary of RQ6: We identified similar behaviors when
considering the same GL type concerning the two dimen
sions: Control and Credibility. Most GL types ran between
the Low and Moderate levels in these dimensions. We also
identified some differences, such as the median of answers
for Control were at the Low level and aModerate level for the
Credibility dimension. The production rigor, the producer’s
reputation, researcher experience, and the permission of peer
interaction are the criteria employed by the researchers to as
sess GL source. Moreover, we found some misunderstand
ings to consider or not some data sources as GL, mainly re
lated to thesis, patents, magazine articles, and books/book
chapters. Considering the correlation analysis, we identified
that it varied from strong to very strong between Control and
Credibility dimensions for most GL types. Our investigation
also shows a correlation analysis between the level of Con
trol and Credibility for most GL types, showing that when
one dimension increases, the other one tends to increase too.
The same happens when the level decrease. Considering the
researcher profile, we did not find evidence that different
researcher’s profiles have different opinions, except for the
news articles.

7 Discussion
In this section, we discussed each research question, relating
them to previous studies (Section 7.1). Then, we discussed
some findings out of the scope of the RQs that caught our
attention (Section 7.2). We also presented some advice to SE
researchers based on the lessons learned with this research
and previous knowledge (Section 7.3). Finally, we discussed
some threats to the validity of this work (Section 7.4).

7.1 Revisiting findings
In this section, we discussed our findings to each RQ.
Even we have addressed the RQ1–RQ4 in our previous
study (Kamei et al., 2020), in this work, we included ad
ditional discussions and considered other related works not
mentioned before.
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(RQ1) Motivations to use or reasons to avoid GL

(i) Even our first investigation showed several motivations
and benefits in using GL. Our second investigation shows
that most researchers avoid its use as a reference in scientific
papers.
(ii) We organized the motivations to use GL into five cat

egories. Three of them were similar to previous works. For
instance, Rainer andWilliams (2019) and Zhang et al. (2020)
also discussed the motivation to complement research find
ings. Another related motivation was to understand prob
lems, identified in three studies (Rainer and Williams, 2019;
Neto et al., 2019; Zhang et al., 2020).

(RQ2) Types of Grey Literature used

We did not find previous primary studies focusing on this
research question. We found tertiary studies that investi
gated the most GL types found in selected studies. For in
stance, Zhang et al. (2020) identified that the most common
GL types used in the list of selected secondary studies were
(in order) technical reports, blog posts, books/book chapters,
and thesis.
Considering the types of GL used by Brazilian SE re

searchers, the most common are the Q&A websites (e.g.,
Stack Overflow), blog posts (e.g., SE firms, such as Netflix,
Uber, Facebook), and technical reports (e.g., from SEI). Our
investigation shows that most of these types are related to SE
practice, mainly retrieved from renowned firms or research
institutions.

(RQ3) Criteria used to assess Grey Literature credibility

We found several criteria to assess the GL credibility, show
ing that most of them are related to the GL producer be
renowned (authors, institutions, and companies). These crite
ria caught our attention because we did not find any criterion
mentioning to assess the GL content. However, the challenge
of Lack of reliability identified is related to this, and previous
work (Williams and Rainer, 2019) have investigated a set of
criteria to assess GL content (e.g., rigor in presenting infor
mation, presenting empirical data, describe the methods of
data collection).

(RQ4) Benefits and Challenges using Grey Literature

We identified some contradictory findings between the bene
fits and challenges of GL use. They are part of the tradeoff
between traditional literature and GL nature. For instance, on
the one hand, SE researchers mentioned that it is Easy to ac
cess and read theGL content. On the other hand, they said the
Difficult to search/find information. Regarding the benefit, it
is related to accessing the GL content without paywall restric
tion and to the informal language usually written. However,
these benefits hinder the use of automatic data extraction.
We identified another tradeoff, for instance, even the per

ceived benefit of Advance the state of the art/practice, sev
eral researchers are avoiding the use of GL due to the chal
lenges of Lack of reliability and Lack of scientific value. In
part, those tradeoffs are expected, showing the necessity for

further investigations on how to improve the use of GL in SE
research. For instance, as we have done in this research.
Even we confirmed some findings of the literature, the

main benefit identified (Easy to access and read) was not
mentioned by previous studies (Williams and Rainer, 2017;
Rainer and Williams, 2018, 2019; Garousi et al., 2016). Sim
ilarly, it occurred with the challenges. For instance, the Lack
of scientific value was not identified in previous studies.
Even, it was the second challenge most mentioned in our in
vestigation. We informed that the benefits identified in this
study are related to our results of a tertiary study (Kamei et al.,
2021). Regarding the challenges, some findings in previous
works (Zhang et al., 2020; Kamei et al., 2021). For instance,
the Uncertain availability of GL was not identified in our in
vestigation.

(RQ5) Prioritizing the Criteria to Assess Grey Literature
Credibility

This investigation confirmed some findings of Survey
1 (Kamei et al., 2020), showing that the most important cred
ibility criteria are related to the GL source be produced by a
renowned source. However, using the prioritization criteria,
some of these findings contrasted partly because, in Survey
1 results, no criteria were related to assessing the GL content.
At the same time, in Survey 2, several SE researchers consid
ered important criteria of Cites academic source and Present
empirical data.
The criteria of citing academic sources, describing the col

lection methods, and presenting empirical data caught our
attention due to the emphasis on applying scientific perspec
tives to assess GL sources. In our opinion, these criteria are
difficult to be used, as we discuss in the following: 1) Accord
ing to Williams (2018), online articles and blogs produced
by SE practitioners rarely mentioned academic sources; 2)
GL sources are produced mainly by practitioners (Kamei
et al., 2021), and consultant/companies have different man
ners of expressing than academics one; and 3) Most of the
GL sources do not present empirical data. Instead, they are
primarily based on their opinions and belief (Rainer, 2017).

(RQ6) Types of Grey Literature vs Dimensions of Control
and Credibility

Some findings caught our attention because some GL types
run between two and sometimes into three levels of the classi
fication of the dimensions, showing that different interpreta
tions may occur for the same type. Although, the correlation
analysis showed a strong correlation between these interpre
tations formost of theGL types investigated. Considering the
respondent’s profiles, different from what we expected, our
statistical analysis based on the Chisquare test showed that
different respondent profiles shared similar opinions about
each source type being considered a GL or not and concern
ing the level of control and credibility.
The criteria used by SE researchers to classify these dimen

sions are mostly related to the rigor of source, researcher ex
perience, and the interaction permitted for the user to deal
with each GL type. Although some of them considered it
is challenging to classify considering only the source type,
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without a real example to be deeply assessed, as one re
searcher pointed out: “(...) the credibility will depend on
who produced that content.” Moreover, we perceived that
sources (e.g., technical reports, books/book chapters, thesis)
produced by companies and institutions mainly were consid
ered with Moderate to a High level of Control and Credibil
ity. In contrast, the sources commonly produced by SE prac
titioners (e.g., forums/list of discussions, blog posts, videos)
have a Low level of Control and Credibility. These findings
caught our attention because, in RQ2 results, the most used
GL sources runs between Low to Moderate level. It appears
that the benefits and the motivations to use GL outweigh
the Low level of Control and Credibility presented in these
sources.
With these findings, we reinforce the claim of Garousi

et al. (2019) that it is complicated to assess the dimensions
of Control and Credibility alone. Although they could bring
us one direction, other essential criteria include identifying
GL’s producer and content. For this reason, we advocate that
SE researchers use the concept of the “shades of GL” to clas
sify and assess a GL source because it recognizes the differ
ent perspectives of the nature of GL, although future investi
gations to set a limit between tiers of the shades are essential.
Beyond that, we claimed the importance of employing ob
jective criteria to assess GL sources and better permit the GL
classification according to the shades. Although, as our find
ings showed, it could be essential to propose intermediate
shades between each tier.

7.2 Other discussions
In this section, we discussed some findings and important dis
cussions unrelated to a specific research question. First, we
discussed the relations among the researcher’s perceptions’
of GL. Second, describe the relationship between the credi
bility criteria and the dimensions of credibility investigated.
Lastly, discuss our findings of the perceptions of the different
GL types.

Perceptions of Grey Literature

We identified relations between the perceptions of GL, as
shown in Figure 5. For instance, we identified some motiva
tions to use GL related to some benefits identified (slashed
line) and some reasons to avoid GLwith some challenges by
GL use (dotted line). In what follows, we discussed some of
them.
Regarding themotivation to use “To complement research

findings” is related to the benefit of use GL to provide “Dif
ferent results from scientific studies” as some respondents
informed that the inclusion of GL could provide evidence
not explored or identified in the research area. Another one
is “To answer practical and technical question” related to the
benefit of “Practical evidence”, which was not perceived us
ing only traditional literature.
The reasons to avoid GL and the challenges identified are

almost the same. Except for the “Lack of reliability” that
hinders the replicability of the search for GL. It could be
motivated due to the “Nonstructured information” of a GL
source.

Credibility criteria vs Dimensions of Control and Credi
bility

The most important criteria identified to assess GL credibil
ity are related to the “Producer reputation” and the “Rigor”
presented in the GL source. The first is related to the source
be produced by a renowned author, institution, or cited by
a renowned source. The second with how the information is
presented, for instance, if it describes the methods used to
collect the data. Figure 6 presented these criteria.
We also identified some relations between the credibility

criteria with some reasons to classify the Control and Credi
bility dimensions, as shown in Figure 6. The Control (slashed
line) is related to the “peer interaction”, “producer reputa
tion”, and the “rigor”. The Credibility (dotted line), their re
lations are the same as the Control dimension, including the
“researcher experience”. This last is related to their own re
searcher experience using GL to assess its credibility.

GL types interpretation

In our second investigation, we found some misunderstand
ing in interpretingGL types (see Table 11), even though those
types were recognized as GL in some previous SE works
(e.g., Maro et al. (2018), Zhang et al. (2020)). In the follow
ing, we present the most common types that were not con
sidered GL: thesis (11/34 occurrences), patents (6/34 occur
rences), books/book chapters (6/34 occurrences), and maga
zine articles (3/34 occurrences). In this regard, for instance,
one researcher pointed out: “I understand that thesis and
dissertations are not Grey because external researchers for
mally assess them.”
We also found in previous studies some contradictions in

interpreting a source type as a GL type or not. For instance,
while Hosseinzadeh et al. (2018) considered books/book
chapters as a GL type, the study of Berg et al. (2018) did not.
We identified another conflict, for instance, while Neto et al.
(2019) considered thesis a peerreviewed source, Rodríguez
Pérez et al. (2018) classified them as GL types. These mis
understandings were also identified in the previous investi
gation with secondary studies (Kamei et al., 2021).
In our opinion, these misunderstandings reflect on each

source’s classification regarding Control and Credibility. For
instance, for most researchers, books/book chapters, techni
cal reports, thesis, and patentswere not considered a GL type
and related them to a High level of Control and Credibility
(Figures 3 and 4). It shows that the peerreviewed process
and grey literature boundary are unclear when considering
only the source type.

7.3 Lessons learned
With this investigation and the previous one (Kamei et al.,
2020), we showed how GL could contribute to SE research.
However, some advice is important to this use could be im
proved.

For SE researchers, our findings highlight to pay attention
when searching, selecting, and using grey literature in SE re
search: 1) Explore the GL sources before using on their re
search, as there are several types of GL source, to understand
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Figure 5. Relationships identified between the Motivations to Use GL with Benefits and the Reasons to avoid with the Challenges.

Figure 6. Relationships identified between the Grey Literature Credibility criteria with the Dimensions of Control and Credibility.

what evidence each GL source could provide and could ben
efit the research and how to retrieve information from them,

due to the issues about the difficulty to search for; 2) It is im
portant to the researchers be aware of a set of credibility crite
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ria that could be used to assess GL sources. For instance, by
selecting data produced by renowned sources (e.g., authors,
institutions) and understanding how each credibility criteria
could better fit each type of GL; 3) Another criterion to im
prove GL credibility could be used, considering the various
interpretations for GL assessment related to the Control and
Credibility aspects; and 4) Understand how to improve the
search for GL using a systematic approach with methods and
techniques to better deal with the content, aiming to reduce
their lack of reliability.

7.4 Threats to Validity

This section discussed some limitations and threats to valid
ity and what we have done to mitigate them.
Construct validity: Even our efforts to improve our ques

tionnaire, we identified two potential threats in our research:
1) Specifically on the questions that we asked for the par
ticipant to classify each source type concerning the Control
and Credibility dimensions. We mitigate this, informing the
researchers that we know that Control and Credibility vary
from source to source, and asked them to consider the most
frequent experience for each data source. However, three re
searchers reported that assessing these GL types’ dimensions
was difficult without considering the content and the pro
ducer. This difficulty may have introduced some bias, and
2) We used a nonprobability sample by convenience (Baltes
and Ralph, 2021) because we intend to investigate only SE
researchers with previous experience in GL use. Then, we
surveyed only 53 Brazilian researchers we knew had this ex
perience.

Internal validity: As our investigation used personal inter
pretation, we may have introduced biases during the data ex
traction and analysis. We tried to minimize those by using a
paired approach with a constant discussion between the re
searchers and invoking a third researcher to revise the de
rived codes and categories.

External validity: Our first investigation used a sample of
the SE researchers from the largest SE conference in Brazil.
In the second investigation, our sample was representative
of SE research because we had a 30.4% response rate with a
diversity of researchers (1/3 are women, 50% have a Ph.D.
in SE, and 30% a Master’s). In our second investigation, we
conducted our survey with the researchers from the first sur
vey that mentioned they had used GL in SE research. We re
ceived 64.1% of response rate. From these, almost 60% are
professors or researchers with more than ten years of SE re
search experience, and most have used GL from 2 and 5 sci
entific studies. Nevertheless, as we focused on the Brazilian
SE research community for both surveys, the findings may
not apply to other populations. Although, we used the peer
review process during all this research, aiming to improve
the external validity to draw general conclusions.

Conclusion validity: Even with 30.4% and 64.1% of re
sponse rates in both surveys, we may have lost some impor
tant information. For the first investigation, wemitigated this
threat by comparing our results with previous studies con
ducted with different populations, showing that our results

showed similarly. Even though we have reached a consider
able response rate for the second investigation, our sample
was small and focused only on the Brazilian SE researchers’
perspective to permit the results’ generalization. Another
threat is related to the correlation analysis between the dimen
sions of Control and Credibility to each GL type because we
did not explicitly ask this correlation to the respondents.

8 Related works
This section group the related works in studies that explored
GL’s credibility and quality assessment in SE research. For
each study presented, we show the differences concerning
our work.
The Grey Literature Review (GLR) conducted

by RaulamoJurvanen et al. (2017) focused on under
standing how SE practitioners choose a test automation tool
by investigating opinions and experiences of SE practition
ers produced in GL sources. They analyzed the GL source’s
credibility during the quality assessment according to the
number of readers, number of shares, number of comments,
number of Google Hits for the titles, and adopting backlinks
analysis (a reference comparable to a citation). Our work
differs because we provide different findings on assessing
GL credibility. Moreover, we also intend to understand
the prioritization of a set of criteria identified in previous
investigations (Kamei et al., 2020; Williams and Rainer,
2019).
Soldani et al. (2018) conducted another study based on

GLR. This study investigated the pains and gains of the use of
microservices. They perceived that the traditional literature
on the topic is still in the early stage even though companies
are working daybyday with microservices, as witnessed by
the considerable amount of GL on the subject. The authors
considered a set of criteria of control factors to select GL
sources: Practical Experience of the authors (+5 years), In
dustrial casestudy, Heterogeneity (present the information
about at least 5 top industrial domains), and Implementa
tion quantity (present detailed information). Our work differs
from this because we focused on investigating and providing
a set of general criteria that could be used to assess different
types of GL sources.
Williams and Rainer conducted two studies to investigate

how to improve the quality and credibility assessment of blog
articles in SE research. The first study (Williams and Rainer,
2017) examined some criteria to evaluate blog articles to be
used as a source of SE research evidence through two pilot
studies (a systematic mapping study and preliminary anal
yses of blog posts). The findings showed some criteria to
select a blog article’s content (e.g., authentic, informative).
The second study (Williams and Rainer, 2019) focused on
finding credibility criteria to assess blog posts by selecting
88 candidate credibility criteria from a previous Mapping
Study (Williams and Rainer, 2017). Then, to gather opinions
on a blog post to evaluate those credibility criteria, they sur
veyed 43 SE researchers. Some criteria were found, for in
stance, the presence of reasoning, reporting empirical data,
and reporting data collection methods. As discussed in the
previous relatedworks, our criteria were not focused on a spe
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cific type of GL. Moreover, our identified criteria are differ
ent from Williams and Rainer’s, and we tried to understand
what each SE researcher considered assessing the different
types of GL.
Most recently, we conducted a tertiary study with sec

ondary studies of SE (Kamei et al., 2021) presenting a critical
review of GL use in secondary studies. In total, were inves
tigated 446 studies, identifying 126 studies that searched or
included GL as a primary source. This finding showed that
GL was not widely used in the analyzed studies, although
it increased in GL use over the years. The tertiary research
explored the benefits, challenges, and motivations to use or
avoid GL use. Our work differs from this previous one be
cause we asked the SE researchers directly, different from
investigations with published studies, where these questions
were not directly explored, leaving the authors the option to
include or not that information.
Even though the similarity of these works with our work,

there are differences in at least four points: i) We found a dif
ferent set of credibility criteria: the source needed to be pro
vided by renowned institutions, renowned companies, cited
by others, and derived from academia, ii) We did not focus
on a specific type of GL source, iii) We explored the expe
rience of SE researchers to understand the perspectives on
the credibility of different GL types and how SE researchers
assess them, and iv) We investigated a set of prioritization
criteria used to assess GL credibility.

9 Conclusions and Future Works
Although the use and investigation of Grey Literature in SE
research increased over the last years, they are still recent.
In this work, we reported two investigations based on the

Brazilian SE researchers’ perspective to present an overview
of GL sources usage, potential benefits and challenges of its
use, a set of criteria to assess GL credibility, and the percep
tions about GL types concerning Control and Credibility cri
teria. Our main findings show:

1. Blogs, community websites, and technical experi
ence/reports are the most common GL sources used by
SE researchers;

2. The main motivations to use GL is because its content
could complement research findings by providing dif
ferent results from scientific studies and answer practi
cal and technical questions;

3. GL use is not widespread as a scientific reference due
to some credibility and reliability constraints;

4. The use of the “shades of GL” can help SE researchers
to assess GL and interpret the different GL types. Al
though, we identified that SE researchers have different
interpretations of GL Control and Credibility;

5. The most relevant criteria used to assess GL credibility
are the GL source be provided by renowned authors, in
stitutions, companies, or be cited by a renowned source;

6. The most critical criteria to assess the Control and Cred
ibility of a GL source are related to the producer reputa
tion and the rigor of the GL content presented;

7. There is a positive correlation for credibility criteria con
sidering the dimensions of Control and Credibility for

each GL. It shows that when the level of Control in
creases, the level of Credibility tends to increase too;

8. We did not find significant differences between the opin
ions of graduate students and professors/researchers
concerning the Control and Credibility dimensions ana
lyzed of each GL type.

For replication purposes, all the data used
in these investigations are available online at
https://doi.org/10.5281/zenodo.5164714.
For future works, we plan i) To expand our view by inves

tigating other SE research communities; and ii) To deeply
understand the GL credibility aspects, focusing on building
an objective quality assessment instrument that comprehends
these several types.
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