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Abstract—Context. The use of standards is considered a vital part of any engineering discipline. So one could expect that standards
play an important role in Requirements Engineering (RE) as well. However, little is known about the actual knowledge and use of RE-
related standards in industry. Objective. In this article, we investigate to which extent standards and related artifacts such as templates
or guidelines are known and used by RE practitioners. Method. To this end, we have conducted a questionnaire-based online survey.
We could analyze the replies from 90 RE practitioners using a combination of closed and open-text questions. Results. Our results
indicate that the knowledge and use of standards and related artifacts in RE is less widespread than one might expect from an
engineering perspective. For example, about 47% of the respondents working as requirements engineers or business analysts do not
know the core standard in RE, ISO/IEC/IEEE 29148. Participants in our study mostly use standards by personal decision rather than
being imposed by their respective company, customer, or regulator. Beyond insufficient knowledge, we also found cultural and
organizational factors impeding the widespread adoption of standards in RE. Conclusions. Overall, our results provide empirically
informed insights into the actual use of standards and related artifacts in RE practice and — indirectly — about the value that the current

standards create for RE practitioners.

Index Terms—Standard, requirements engineering, guideline, template, survey

1 INTRODUCTION

TANDARDS play a vital role in engineering, especially

when many manufacturers, suppliers, and providers
need to collaborate and interact for developing products
and providing services in given domains. The use of stand-
ards allows “to benefit from the wisdom and experience of
others, rather than reinvent the wheel each time” [30]. Har-
ding and McPherson [11] found that “Managers recognize
standardization as essential to daily operations, regardless
of the company’s economic sector”. Consequently, knowing
standards and learning how to work with them can be con-
sidered relevant in engineering education [1], [32].

Being an engineering discipline, one could expect that
standards play an important role in Requirements Engineer-
ing (RE) as well. However, we have personally observed
over the years that there are people in industry who do not
use any standards or who only use them scarcely in their
RE work. Moreover, practitioners (as well as researchers)
may lose track of the evolution of standards in the field. For
instance, we still find today publications citing the IEEE
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830-1998 standard [14] although it has been retired and
superseded by the ISO/IEC/IEEE 29148 standard [25].
Hence, our observations indicate that RE practitioners
might not widely adopt or even know RE-related standards.

This motivated us to investigate the role of standards in
contemporary RE. This article reports on a survey study
about the degree to which RE-related standards are actually
known and used in industry—and why they are or are not
used. To the best of our knowledge, there is no systematic
study of this topic so far.

The results of our study contribute insights into the
actual use of RE standards in industry. We found that the
knowledge and use of standards in RE as reported in the
study is less widespread than one might expect. Further-
more, we identified which standards are most known and
used by practitioners, and whether and how they use other
types of artifacts with the same purpose as standards.

All data analyzed and reported in this article is available
as an open replication package under http://doi.org/
10.5281/zenod0.4755756 including codebook and instru-
ment, raw data and filtered data, and the results of our data
analysis with respect to the research questions and the
demographics.

2 BACKGROUND AND RELATED WORK

In the context of engineering, the term standard refers to
“something established by authority, custom, or general
consent as a model or example or (...) as a rule for the mea-
sure of quantity, weight, extent, value, or quality” (Mer-
riam-Webster online dictionary). This definition also
applies to software engineering in general and RE in partic-
ular, where standards may prescribe methods, templates,
quality metrics and definitions of terms.

0098-5589 © 2021 |IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
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TABLE 1
Research Questions and Sub-Questions

RQ1 To what extent are RE-related standards known by practitioners?

RQ1.1 What RE-related standards are known by practitioners?

RQ1.2 How did practitioners know about these standards?

RQ2 To what extent are RE-related standards used by practitioners?

RQ2.1 How often do practitioners use each of these standards?

RQ2.2 For which purpose do practitioners use each of these standards?

RQ2.3 Why do practitioners use these standards?

RQ2.4 Why do practitioners not use the standards that they know?

RQ3 Under which conditions are RE-related standards used by practitioners?

RQ3.1 What factors affect this usage?

RQ3.2 What are the major impediments in effectively using RE-related standards?

RQ3.3 What are the perceived advantages coming from the use of RE-related standards?

RQ4 Do practitioners use further guidelines or documentation templates in their RE process?
RQ4.1 What type of guidelines or templates do they use?

RQ4.2 How often are these guidelines or templates used?

RQ4.3 For which purpose do practitioners use each of these guidelines or templates?

RQ4.4 How are these guidelines or templates used in combination with RE-related standards?

Using standards in RE has many advantages. Adhering
to standards makes work products less dependent on the
individual capabilities and working styles of the people pro-
ducing these work products. It also makes work products
easier to read and comprehend, particularly for people not
involved in creating them. Frequently, standards provide
procedures or predefined structures. Adhering to them
helps avoid mistakes and improves the quality of the work
products produced.

Most RE-related standards are created and published by
recognized standardization organizations such as ISO,
IEEE, or OMG. We call these de-jure standards. Besides,
there are also de-facto standards which are created by com-
panies, authors of influential books, or organizations of pro-
fessionals and widely adopted by the community. We
further distinguish between normative standards about prac-
tices, documentation, and terminology on the one hand,
and standardized artifacts, e.g., languages, templates or
guidelines (such as UML or VOLERE) on the other hand.
Schneider and Berenbach [33] conducted a literature survey
on de-jure and normative RE-related standards including
the eight most adopted standards at that moment (2013),
together with their relationships and some practical obser-
vations and advices on their use. We have not found any
follow-up to this literature survey, neither updating the col-
lection of de-jure and normative standards, nor including de-
facto standards or standardized artifacts.

The use of RE-related standards in practice has not been
studied so far. Khan et al. report that there are no systematic
mapping studies conducted on software engineering stand-
ards in general (thus, RE in particular) [27]. Still, some stud-
ies do mention occasionally standards as part of a more
general goal. The NaPiRE study [29], [34] includes an inves-
tigation of whether or not companies have defined RE pro-
cess standards. While most of the analyzed projects did,
only 25% of them used standards predefined by a regula-
tion. The RE-Pract study [7] reports some observations from
practitioners about the perceived importance of standards,
e.g.,, “Aligning requirements to regulatory standards is
extremely important in many industry”, “I recomend to use
the IEEE’s standard, that was a better guidance to achive

my objective” [sic]. However, neither NaPiRE nor RE-Pract
went any further in that direction.

Our study aims at closing this gap. We are interested in
the industrial adoption of all types of standards mentioned
above. This interest is reflected in the research questions,
and in the subsequent survey questions presented next.

3 STuDY DESIGN

3.1 Goal and Research Questions

The overall goal of our study is to understand to which extent
RE practitioners know standards, how often they use them, and
what the underlying reasons are. To this end, we conducted a
questionnaire-based online survey. The scope of our study
encompasses (a) specific RE standards, for example, ISO/
IEC/IEEE 29148 [25], and (b) standards from other fields
such as quality or systems and software engineering that
discuss aspects of RE processes, practices, and artifacts. We
use the term RE-related standards for denoting the standards
in the scope of our study and include both de-jure standards
and de-facto ones. Furthermore, we also target standardized
artifacts such as UML diagrams or use case templates, since
we are aware that many practitioners use them with a simi-
lar purpose as standards.

We derive four main research questions (RQs), listed in
Table 1. RQ1, RQ2, and RQ3 focus on the knowledge and
use of RE-related standards and, thus, they are useful for
standardization organizations as well as for practitioners
who might want to better understand or adopt standards.
RQ4 investigates the use of standardized artifacts, in partic-
ular, guidelines or templates. With this question, we antici-
pate the case where some practitioners might not be using
any normative standards, but adhere to well-established
practices or processes that may have been issued, e.g., by
their company.

3.2 Selecting Standards for the Survey

We decided to provide a list of candidate standards where
respondents can mark the ones they know. This approach
has the disadvantage of potentially biasing the respondents’
answers by our pre-defined list of standards. Yet, we



3312 IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 48, NO. 9, SEPTEMBER 2022
TABLE 2

Standards Selected for the Questionnaire
ISO/IEC/IEEE 29148 current RE specific RE processes and documentation
IEEE 830-1998 superseded RE specific RE processes and documentation
ISO/IEC TR 24766 current RE specific RE tool capabilities
IREB Glossary current RE specific RE vocabulary
ISO/IEC 25010 current Quality Systems and Software quality models
ISO/IEC 25030 current Quality Quality requirements
ISO/IEC 9126 superseded Quality Systems and Software quality models
ISO/IEC/IEEE 12207 current Systems and Software Engineering Software life cycle models
ISO/IEC/IEEE 15288 current Systems and Software Engineering System life cycle models
ISO/IEC/IEEE 24765 current Systems and Software Engineering Sys&Sw engineering vocabulary

consider this approach to be much faster and more conve-
nient for respondents than forcing them to write down the
names of the standards which could make respondents for-
get about some of the standards they know (rendering com-
parison of responses invalid). Another advantage is that
when respondents do not check a standard in the presented
list of standards, we can conclude that they actually do not
know it.

To mitigate bias, we decided to present respondents with
both a pre-defined list of RE-related standards and a list of
empty text fields, where respondents could enter additional
standards that they know and consider relevant, e.g.,
domain-specific standards that they deem relevant for their
RE work.

We chose standards according to scope (including RE-
related standards from the fields of quality and systems and
software engineering but not considering domain-specific
standards) and type (both de-facto and de-jure). The first and
obvious candidate is ISO/IEC/IEEE 29148 [25], which is pri-
marily about RE processes and documentation. We used the
2011 version, as the revised version (2018) was not yet avail-
able when we designed the survey. We also included IEEE
830-1998 [14] on software requirements specifications.
Although IEEE 830-1998 has been retired and superseded
by ISO/IEC/IEEE 29148, we had sufficient evidence that it
is still in use.

Among the ISO standards, we found ISO/IEC TR
24766 [21] on RE tool capabilities, and ISO/IEC 26551 [18] on
product line requirements engineering. As both of them
deal with a specific subtopic in RE, we selected the first one
as a representative for this category.

When searching for non-official industry standards, we
found the IREB Glossary of RE Terminology [9]. Given the fact
that using this glossary is mandatory in the IREB CPRE cer-
tification and more than 50,000 people world-wide hold an
IREB CPRE Foundation Level certificate, we consider this
glossary a de-facto standard for RE terminology.

Next, we searched the field of quality standards for
requirements-related ones. We chose ISO/IEC 25010 [16] on
system and software quality models and ISO/IEC 25030 [17]
on quality requirements as representatives. Furthermore,
we included ISO/IEC 9126 [20]. Although this family of
standards has been superseded by the ISO/IEC 250xx fam-
ily, it is still used and referenced.

Finally, we searched for RE-related standards in the field
of systems and software engineering. We included ISO/IEC/
IEEE 12207 [22] on software life cycle processes (2008 and

2017 versions) and ISO/IEC/IEEE 15288 [23] on system life
cycle processes: both of them are closely related to ISO/
IEC/IEEE 29148. Further, we decided to include another
terminology standard, ISO/IEC/IEEE 24765 [24] on systems
and software engineering vocabulary (2010 and 2017
versions).

Table 2 lists the selected standards. More details about
standards in RE and how they relate to each other can be
found in Schneider and Berenbach'’s paper [33].

3.3 Target Population

As a target population, we chose practitioners who act or
who have acted in the role of a requirements engineer in at
least one industry project, and also practitioners from neigh-
bouring fields such as quality management or testing. That
is to say, we used the term requirements engineer in its broad-
est possible sense [6], including technical and non-technical
roles dealing with the specification and management of
requirements. We relied on convenience sampling as
described in Section 3.5.

3.4 Instrument

Our survey questionnaire starts with questions for gather-
ing demographic information with the purpose of analyzing
it later to identify factors which may have an influence on
the choices made by our respondents. In particular, we
implemented the following demographic factors: country of
work; highest education degree; job functions performed in
the last six years; years of experience in RE or related fields;
RE-related certificates they hold (e.g., from IREB' or
ISTQB?); average number of people involved in their proj-
ects; organizational role played by the team in the company;
main industrial sector; class of systems delivered.

The rest of the survey included one question per sub-RQ.
First, respondents provided their knowledge of the selected
standards (as described in Section 3.2). Next, respondents
were able to add standards they know in addition to those
given as pre-defined options for selection. Those added
standards were included in follow-up questions to answer
RQ2. For RQ2, the questionnaire was dynamic with respect
to previous answers. For example, the survey presented
only those standards to the respondents that they had
declared to know in RQ1.1.

1. https:/ /www.ireb.org/
2. https:/ /www istqb.org/
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TABLE 3

RQ2. Responses to Survey Questions
Research ~ IEEE 830- ISO/IEC/ IREB ISO/IEC TR ISOJ/IEC ISO/IEC ISOJ/IEC ISOJIEC/ ISO/IEC/ ISOJIEC/
Question 1998 IEEE 29148 Glossary 24766 25010 25030 9126  IEEE 24765 IEEE 12207 1EEE 15288
2.1 50 49 63 14 32 22 21 17 30 26
2.2&2.3 39 34 46 9 22 14 12 14 24 21
24 8 12 14 4 9 6 8 2 2 2
3.5 Data Collection equal or very similar terms (e.g., “Lack of

To enable world-wide participation, we decided to use a
web-based survey tool. To this end, we implemented the
survey using the Questback survey tool. After the initial
implementation of the questionnaire, three RE practitioners
were invited to fill it out as part of a piloting phase to ensure
its correct understanding and to find possible defects
regarding content and presentation. Based on these pilots,
we implemented some minor corrections (e.g., by removing
duplicates in the answer options), added some information
(e.g., how to interpret the questions), and also made some
minor text changes.

Data collection took place over six weeks starting by Feb-
ruary 2019. In order to increase our target audience, we
used various social media channels and mailing lists, e.g.,
the IREB mailing list. Moreover, we asked in our personal
networks of practitioners to spread the word, which means
that we cannot communicate a response rate. To compen-
sate for the threats emerging from this convenience sam-
pling strategy, we included a broad set of demographic
questions (see Section 3.4).

3.6 Data Analysis
For the analysis of RQ1 and RQ2, we exported the survey
results to spreadsheets and calculated descriptive statistics.
In all the sub-questions, we provide first an overall view of
the results in shares of responses relative to the total num-
ber of responses. We use accompanying figures to illustrate
these global results. Moreover, in RQ2.2, RQ2.3 and RQ2.4,
we provide additional insights related to individual stand-
ards as shares of respondents that use (RQ2.2, RQ2.3) or do
not use (RQ2.4) such standards. Finally, we remark that we
have varying numbers of responses as reported in Table 3.
This is due to the fact that we used dynamic questions for
RQ2, as explained in Section 3.4 above.

RQ3 required the analysis of free text answers. We
applied content analysis according to the following steps:

1)  Filtering. Responses were filtered by excluding: a)
empty fields (including responses as “—” or “n.a.”);
b) text not answering the questions (e.g., “Regularly”
as answer to the question “What are the factors driv-
ing the use of the standards?”); c¢) vagueness (e.g.,
“To do better job”); d) lack of expertise (e.g., “I'm not
close enough to the standards used to answer this
question confidently”). A few long responses were
kept as valid but some parts fall into the cases b)-d),
in which case we removed the affected part, but kept
the rest.

Term extraction. The remaining responses were split
into semantically relevant terms. In this step, only

2)

awareness” and “Limited awareness”) were aligned.

Non-essential, very concrete information was also

disregarded (e.g., “Keep CMMI certification” was

converted into “Company certification”).

Topic identification. The extracted terms were com-

pared to each other looking for topics that reflect

semantic similarities. For instance, the topic “Lack of
experts” includes the terms “Lack of training” and

“Lack of consultancy”. Some methodological guide-

lines follow:

e We analyzed the context of every sentence.
For instance, the impediment term “Ignorant
managers” could be classified only as
“Company capacity” (namely, managers do
not have the skills to use standards in RE
activities) but a careful reading of the context
shows that it also refers to an attitude prob-
lem, so it needs to be classified also into the
topic “Employees’ attitude”.

e We avoided over-interpretation; instead, we pre-
ferred to reflect the respondents’ opinions. For
instance, two benefits mentioned by respondents
were “Acquisition of a shared language” and
“Improved communication”. While the former is
a means for the latter, we preferred to keep them
separated given the different emphasis.

Category identification. The identified topics were

grouped into categories to facilitate further analysis.

For instance, the category “Project factors” includes

the topics “Time”, “Cost”, “Effort” and “Risk”.

The coding was performed by one of the authors and
reviewed by another author. The coder and the reviewer
discussed and resolved the findings from the review.

RQ4 followed the same four steps as RQ3. However,
given the higher diversity of responses that soon emerged,
we followed an iterative process:

3)

4)

e In a first iteration, two authors analyzed the baseline
data, with focus on filtering and term extraction.
Then, they held a first dedicated meeting to discuss
their proposals and understand each other’s ratio-
nale and brainstorm about topics and categories.

e Building on this shared understanding, one of these
two authors conducted a second iteration with a
complete proposal on filtering and term extraction
and a draft of topics and categories, which was con-
solidated in a meeting among the two authors.

e In a subsequent plenary meeting, all authors dis-
cussed the coding proposal and identified some
issues with the codes and the categories.
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e Last, a third author made a last iteration to adjust the
proposal, which was again discussed by all authors,
leading to the final coding.

4 RESULTS

In this section, we report the results related to the four
research questions, preceded by demographics of the study.
Throughout the section, we will use the notation “[N; P%]”
to inform about statements provided by N respondents
amounting to P percent of the total number of respondents
answering that particular question. Besides, unless other-
wise stated, graphics will show absolute numbers in the
Y-axis and percentages over the corresponding bars. Please
note that while all respondents provide answers to the ques-
tions under RQ1, the number of respondents to RQ2 varies
as these answers are given only to those standards the
respondents know and use (or don’t use), and the variations
in RQ3 and RQ4 are even greater since not all respondents
provided answers to the open text questions. Therefore, we
will specify the population size explicitly as to make the
percentages accurate.

4.1 Demographics

We received in total 99 answers from which we discarded 9
either because they were empty or because they contained
dubious information. Demographic characteristics are as
follows:

Country of Work. Respondents are spread over all conti-
nents except Africa with Europe having the biggest share
[48;53.3%]. China and Germany are the dominant countries
with [19;21.1%] respondents for each of them.

Position. Most of the respondents declare more than
one job function in the last six years [68;75.6%]. Among
them, the most popular is by far the job of requirements
engineer/business analyst reaching almost 80% of
respondents, with the rest distributed rather uniformly
except for researcher in industry (see Fig. 1). A few
respondents report a handful of other positions, as con-
sultant or certification specialist.

Certificates. Answers to this open-text question were very
diverse.”> Many respondents hold a professional training
certificate [52;57.8%], some have even more than one
[22;24.4%]. A slight majority of respondents hold an RE-
related certificate [46;51.1%], with IREB certificates being by
far the most popular ones ([43;47.8%] when considering all
types of certificates). The runner-up is ISTQB certification
[11;12.2%]. A majority of respondents certified by these two
associations are at the foundation level (IREB-FL and
ISTQB-FL) [44;48.9%], while the number of respondents
with advanced or specialist level certificates is lower
[13;14.4%]. A few respondents have some agile-related cer-
tificate [7;7.8%]. Still a good number of respondents
[19;21.1%] have certificates not in the former categories,
with CBAP, PMI-PBA, CCBA and TOGAF mentioned by
more than one respondent.

Years of experience. The majority of respondents have ten
years or more of experience [39;43.3%] or between four and

3.Some responses were a bit ambiguous and we needed to take
some decisions to resolve these ambiguities.
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Fig. 1. Demographics: job functions of respondents in the last six years.

nine years [33;36.7%], which can be considered a good indi-
cator for the quality of the information gathered in the
questionnaire.

Education. The majority of respondents hold an MSc
degree [39;43.3%]* or a BSc degree [29;32.2%]. [9;10.0%]
have a PhD. [7;7.8%] have a diploma or engineering degree
whose equivalence to BSc or MSc cannot be established.
[6;6.7%] hold other or unspecified degrees.

Project Size. The majority of respondents works in small
teams with up to ten members [44;48.9%], while a similar
amount works in teams with more than ten but less than
hundred members [40;44.4%]. Only a few respondents
work in very large teams with one hundred or more mem-
bers (up to eight hundred) [6;6.7%].

Main Industrial Sector. No single sector dominates
among the respondents. Finance is the most mentioned
sector [14;15.6%], followed by Automotive [10;11.1%],
Healthcare [10;11.1%], Manufacturing [8;8.9%], E-commerce
[7;7.8%], and Energy [6,6.7%]. The remaining 19 men-
tioned sectors do not exceed four responses each. A few
respondents [4;4.4%] report that they cannot identify a
single sector.

System Class. Nearly half of the respondents [42;46.7%]
work mainly on business information systems. Twenty
respondents work on software-intensive embedded sys-
tems [20;22.2%] and also twenty on hybrid systems. A
few respondents work on other types of systems
[8,8.9%], such as mobile apps or research software
development.

4.2 RQ1.To What Extent are RE-Related Standards
Known by Practitioners?
RQ1.1. What RE-Related Standards are Known
by Practitioners?

Fig. 2 shows how many RE-related standards the respond-
ents know. These numbers include the ten standards we
had enumerated in the survey, as well as the further stand-
ards that the respondents specified in the free form entry
field. Numbers are diverse. While about 27% of respondents

4.2.1

4. Including six people with a German Dipl.-Ing. degree.
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Fig. 2. RQ1.1: number of RE-related standards known.

know more than four standards, a larger percentage (over
42%) do not know more than two, with almost 8% saying
that they do not know any.

Fig. 3 shows the knowledge of the ten RE-related
standards listed in Table 2 by the 90 respondents. The
most widely known standard is a de facto standard, the
IREB Glossary of Requirements Engineering Terminol-
ogy, known by 70% of respondents. This number aligns
with the large share of respondents who are certified by
IREB (see Section 4.1). The other two standards that excel
in the responses are the two core RE de-jure standards,
ISO/IEC/IEEE 29148 [25] and its predecessor, IEEE 830-
1998 [14], which are known by about 55% of the respond-
ents. Less than 36% of the respondents know the remain-
ing standards.

In response to our open question asking for additional
RE-related standards, roughly one third of the respondents
[29;32.2%] suggested up to 38 terms or concepts. However,
after analyzing the suggestions, only seven of them can be
considered as RE-related standards: IEC 62304 on Medical
Device Software [12], ISO 16404 on requirements manage-
ment for space systems [15], the aircraft standards
ARP4754A [2] and DO-178 [5], ISO/IEC 29110 on profiles
and guidelines for Very Small Entities [19], IEEE 1233-1998,
a guide for developing SRS [13], and ISO/IEC 26551 on
product line RE [18].

70

60
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40
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20
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0
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Fig. 3. RQ1.1: knowledge of RE-related standards (percentages given
over the set of 90 respondents).
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Fig. 4. RQ1.2: sources for the knowledge of RE-related standards (per-
centages given over the set of 83 respondents who know at least one
standard).

4.2.2 RQ1.2. How did Practitioners Know About These
Standards?

All the 83 respondents who know some standard answered
this question.” Almost three quarters of them [60;72.3%] know
standards by more than one source, and even a few [10;12.0%]
from four or more sources. Fig. 4 summarizes the responses
for the sources presented in the questionnaire. Books and
papers are the dominant source mentioned by two thirds of
respondents, while the other two remarkable sources are train-
ing courses and the web. A few respondents mentioned sour-
ces not in the list, e.g., “From our customers”.

4.3 RQ2: To What Extent are RE-Related Standards
Used by Practitioners?

As mentioned in Section 3.4, the questionnaire was dynamic
in this part, showing the respondents only those standards
they selected in previous questions: (i) RQ2.1 asked only
about those standards that the respondents had declared to
know under RQ1.1; (ii) RQ2.2 and RQ2.3 asked only about
those standards that the respondents had declared to use in
at least some projects under RQ2.1; (iii) RQ2.4 asked only
about those standards that the respondents had declared to
know but not to use in any project under RQ2.1. Table 3
shows the resulting numbers.® We discarded for analysis
the standards mentioned in the free-text responses, because
they were mentioned only by two respondents at most.

4.3.1 RQZ2.1: Frequency of Using Standards

Fig. 5 summarizes the frequency of using the standards. For
each standard, we show the percentages of use relative to
the number of respondents who had stated to know the
standard. From the great amount of results we could com-
pare, we have selected two particular observations to
report.

1. Which standards are used intensively (i.e., in every or in
most projects)? Although all known standards are used at
least in some projects, the percentage of respondents who
use them in every project is rather low (only 15.1% of
responses) and no single standard excels with respect to
this continuous usage (results range from 10.0% in the case

5. Therefore, percentages in RQ1.2 are computed over the 83
respondents who know some standard.

6. A few respondents did not provide information, therefore num-
bers do not completely match with RQ1’s results.
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Fig. 5. RQ2.1: Frequency of using RE-related standards (number of
respondents knowing each standard as per RQ1.1 shown above the
bars).

of ISO/IEC/IEEE 12207 to 21.4% for ISO/IEC TR 24766). If
we add responses that report usage in most projects, we can
observe that the numbers grow to 34.9% on average with
ISO/IEC/IEEE 24765 [9;52.9%] and ISO/IEC/IEEE 15288
[12;46.2%] being the two most frequently used standards in
terms of percentages, while the others gradually decrease in
percentage down to ISO/IEC 25030 [5;22.7%]. If we focus
on absolute numbers, the IREB Glossary is the most inten-
sively used standard with 26 respondents, which represents
41.2% of the respondents who know it.

2. Which standards are never used? The ISO/IEC 9126 stan-
dard is the least used one in our study: it is never used by
eight of the 21 respondents who know it [8;38.1%]. Also, it
is worth pointing out that the share of respondents who
never use ISO/IEC/IEEE 29148 [12;24.5%] is larger than the
share of respondents who never use its predecessor IEEE
830-1998 [8;16.0%]. On the opposite side, two standards are
intensively used by those respondents who know them,
namely ISO/IEC/IEEE 12207 [24;80.0%] and ISO/IEC/
IEEE 15288 [21;80.8%].

4.3.2 RQ2.2: Purposes of Standards Used

When asking our respondents for the purposes they use
standards for at least in some projects, we received a very
mixed picture as shown in Fig. 6. A first observation is that
in general, respondents use a single standard for several
purposes that are reported in a relatively narrow band over
all responses, from 17.9% (Documenting requirements)
down to 10.1% (Compliance), with a 3.4% of other purposes
(e.g., “Put in place governance around RE”). This narrow
range shows that there is no single purpose clearly favored
over the others when considering the ensemble of all RE-
related standards and demands a closer look to individual
standards.

Some standards’ usage matches the original purpose of
the standard. For IEEE 830-1998, for example, documentation
is the main purpose reported by the respondents [27;69.2%],
while management is the least cited one [9;23.1%]. This
matches the standard’s intention of providing a guideline
for writing requirements specifications. Also, the usage of
the IREB Glossary primarily as a communication [30;65.2%]
and documentation [28;60.9%] asset fits well with the
intended purpose of a glossary.
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Fig. 6. RQ2.2: purpose of using standards (number of responses given
for each standard shown above the bars).

In contrast, there are standards whose usage does not
match with the original purpose. For example, the quality
standard ISO/IEC 9126 is not very often cited with the pur-
pose of quality management [4;33.3%]; instead, respondents
report on documentation as its main purpose [6;50.0%].
This may arguably be considered an unexpected usage.
Conversely, its successor ISO/IEC 25010 is really consid-
ered for quality management [13;59.1%]. Other observations
from our study are:

e Allstandards serve for all purposes to a certain extent.
In fact, only two standards (ISO/IEC 25030:2007 and
ISO/IEC/IEEE 15288:2015) rated a purpose below
15%, and both of them referred to elicitation.

e The IREB Glossary and ISO/IEC/IEEE 29148 are the
most versatile standards, with no purpose having a
share of more than 20% of responses.

e  On the other hand, some standards are mentioned in
relation to a main purpose. As mentioned earlier,
IEEE 830-1998 is used primarily for documentation
and ISO/IEC 25010 for quality management pur-
poses. We also found that ISO/IEC TR24766 is
mainly used for requirements management, ISO/
IEC 25030 for quality management, and ISO/IEC/
IEEE 24765 for communication. Nevertheless, the
dominance is not big and there is no single purpose
reaching the 30% threshold over the number of
respondents using the standard.

4.3.3 RQZ2.3: Reasons for Using Standards

We asked the respondents to state the reasons why they use
the standards they know at least in some projects. Again,
some respondents reported more than one reason per stan-
dard, but not so often as in the previous sub-question. In
contrast to other questions in our survey, we received a
clear picture here (Fig. 7). The primary reason reported by
respondents for using the standards is “By personal choice”.
On average, the respondents mentioned this reason more
often than the other four reasons “Imposed by the
company”, “Imposed by the customer”, “Imposed by regu-
lations” or “Because all the team members use it” combined.
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Fig. 7. RQ2.3: Reasons for using standards (number of responses given
for each standard shown above the bars).

This dominance is especially remarkable in the case of
the IREB Glossary, where no other reason exceeds 10%,
compared to the [38;82.6%] of personal choice. The only
case in which this dominance is not so rampant is ISO/IEC
9126, where personal choice [6;,50.0%] is only slightly higher
than company imposition [5;41.7%]. Here it is also worth
noting that an officially retired standard is imposed by so
many companies.

4.3.4 RQ2.4: Reasons for Not Using Known Standards

Fig. 8 summarizes, for each of the known standards, reasons
why our respondents don’t use them at all. Overall, none of
the reasons dominates, although not providing sufficient
benefits is the most reported one (22.6% over the total num-
ber of responses). It is interesting to note that cost and non-
applicability are the least frequently mentioned reasons
(12.9% each). Among the other reasons provided as free text
answers (18.3%), we highlight “Insufficient knowledge for a
quick and efficient use”, “We haven’t had the time to care-
fully revise the material”, “No need for now to apply them”
and “No specific guideline by my company”.

4.4 RQ3. Under Which Conditions are RE-Related
Standards Used by Practitioners?

As mentioned in Section 3.6, the answer to this RQ required
the coding of three optional open-text fields, one per sub-
question. Table 4 provides a summary. Responses are very
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Fig. 8. RQ2.4: Reasons for not using standards known to our respond-
ents (number of responses given for each standard shown above the
bars).
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TABLE 4
Coding Overview for RQ3
SubRQ Respondents’ Terms® Topics Categories
RQ3.1 38 64 (72) 52 5
RQ3.2 44 55 (78) 28 4
RQ3.3 45 57 (88) 44 6

lAfter filtering according to Section 3.6
2Left, number of different terms. In parentheses, total number of references to
these terms, considering repeated references in different responses.

diverse, ranging from one single word (“Regulation”) to
very elaborated sentences (one response up to 172 words
mentioning five impediments in RQ3.2). Details on the
answers to the RQs follow.

4.4.1 RQ3.1. What Factors Affect the Use of the

Standards?

A slight majority of respondents [48;53.3%] does not men-
tion any factor driving the use of standards, while a few
more [4;4.4%] state that they do not know or give too vague
or directly invalid statements.

We analyzed the responses given by the rest of the
respondents ([38;42.3%]) as explained in Section 3.6. We
identified five categories (see Table 5):

TABLE 5
RQ83.1: Factors Affecting Standard Adoption
Categoryl Factors®
Attribute 6: Consistency, Quality
[24; 63.2%) 3: Adaptability, Completeness, Maturity
2: Competence development, Efficiency,
Satisfaction
1: Abstraction, (Lack of) Ambiguity, Clarity,
(Lack of) Complexity, Credibility, Guidance,
Security, Testability
Activity 2: Audit, Communication, Compliance,
/Process Understanding
[11;28.9%) 1: (Required by) Bureaucracy, Certification,
Governance, Quality assurance, Review,
Training
Logical 4: (Best) Practices
Asset 3: Body of Knowledge
[11;28.9%) 2: Regulations, Vocabulary
1: Guidelines/Procedures, Reference
framework
RE Phases 1: Elicitation, Management, NFR, Safety,
and Types Regulatory
[5;13.2%)
Scope 6: Requirement, External Stakeholder
[27;71.1%) 5: Organization
4: Product
3: Market, Project, Team
2: SRS

1: Colleagues, Documentation, Industry (as a
whole), IT infrastructure, Process, Self (the
respondent), (Other) Standards

'Ix;y%]: x, number of respondents who mentioned factors in this category;
y%, percentage regarding the 38 respondents.

2Digits show the number of responses citing every factor.
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TABLE 6 TABLE 7
RQ3.2: Impediments on the Effective Use of Standards RQ3.3: Perceived Benefits From the Use of Standards
Category' Factors® Category' Factors®
Knowledge  9: Insufficient knowledge/skills Attribute 11: Quality
-related 6: Company capacity [20; 44.4%) 4: Consistency
[19;43.2%] 3: Lack of awareness 3: Clarity, Completeness
2: Application/Project domain, Lack of experts 2: Compliance, Effectiveness
1: Company context, Limited industrial 1: Credibility, Timeliness (state-of-the-art)
adoption Methodology 4: Evolution
Intrinsic 3: Difficult to read, Not useful, Rigid, and IT 3: Approach to development
[16;36.4%) Too theoretical [15;33.3%) 2: Acceptance of results, Reuse, Structure (of
1: Copyright limitations, Resources to invest, process and documentation)
Too abstract, Too complicated, Too many 1: Design & Implementation, Good practices,
standards, Too simple Prevision, Project handling, Technology
Cultural 8: Poor consideration of RE in company leverage,
[14; 31.8%)] 6: Employees” attitude Human 4: Common understanding, Communication
4: Company cultgre ] Factors 3: Agreed terminology, Shared language,
1: Processes C0951dered unnecessary, Quality [18;40.0%) (Support to) Argumentation
not sought, Resistance to standards 1: Established knowledge, Giving advice,
Operational ~ 4: Poor effectiveness Professional approach, Rationale (for
[10; 22.7%] 3: Need of tailoring decisions), (Personal) Satisfaction
2: Cost pressure . Project 3: Cost/Budget, Risk
1: Lack of tool support, Time pressure Factors 2: Time
. 07 .
"Ix;y%]: x, number of respondents who mentioned factors in this category; 6;13.3%] 1: Effort
2/%, percentage given over the 44 respondents who provided valid answers. Organiza- 2: Customer satisfaction
Digits show the number of responses citing every factor. tional 1: Finances, Team management,
[5;11.1%) Awareness on RE
. . RE- 2: Specification
o  Attribute. Includes factors related to some quality related 1: Body of knowledge, Business analysis,
aspect, e.g., consistency, quality or maturity. [7;15.6%) Business alignment, Elicitation, Glossary,

e Activity/Process. Identifies activities or processes that
may benefit from the use of standards, as communi-
cation, audits or governance.

e Logical Asset. Enumerates concepts used in RE that
may be improved through the use of standards, e.g.,
body of knowledge, vocabularies or regulations.

e  RE Phases and Types. Declares RE-specific phases and
types in which some respondents recognize the need
of applying standards, like requirements manage-
ment and safety requirements.

e Scope. Binds the context of a given factor. Topics of
this category act as modifiers of topics of the former.

4.4.2 RQ3.2. What are the Major Impediments in
Effectively Using RE-Related Standards?

Almost half of the respondents [43;47.8%] do not mention
any impediment regarding the use of standards, while a
few more [3;3.3%] state that they are not aware of any or
provide an invalid statement.

We grouped the impediments emerging from the
responses given by the [44;48.9%] remaining respondents
into four categories (see Table 6):

o Knowledge-related. Includes factors related to the
knowledge or mastering of standards, e.g., lack of
awareness of their existence or shortage of resour-
ces to invest in their acquisition or application.

e Intrinsic. Enumerates characteristics that the respond-
ents assign to standards, e.g., they are too theoretical,
too complicated or simply not useful.

Management

Ix;y%]: x, number of respondents who mentioned factors in this category;
y%, percentage given over the 45 respondents who provided valid answers.

2Digits show the number of responses citing every factor.

e Cultural. Collects some factors that act as impedi-
ments due to the culture of the organization, for
example employees’ lack of motivation or the under-
estimation of RE by managers.

e  Operational. Declares barriers that emerge once the
standard has started to be applied, like time pres-
sures or the need of tailoring to the specific needs of
the company or project.

4.4.3 RQ3.3. What are the Perceived Advantages
Coming From the Use of RE-Related Standards?

Nearly half of the respondents [42;46.7%] do not mention
any perceived advantage from using standards, and a few
[3;3.3%] state that they are not aware of any or provide con-
founding information.

We proceeded similarly as for the previous sub-ques-
tions and grouped the benefits emerging from the rest of
responses [45;50.0%] into six categories (see Table 7):

e Attribute. Includes factors directly related to improved
properties of the requirements, e.g., their quality, con-
sistency, clarity or completeness.

e Methodology and IT. Enumerates aspects of the
method or the technological solution which may
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TABLE 8
RQ4.1: Overview of Responses and Respondents Concerning the Use of Templates and Guidelines

Category' Sub-category’ Primary Code (examples)?
Templates Element level template [17;32.7%] Functional requirements template, User story
[34;65.4%] Document level template [13;25.0%]  Business requirements documentation template, System requirements
specification template
Process support template [6;11.5%] Change management template, Scoping template
Templates in general [6;11.5%] General templates, Requirements documentation templates
Guidelines Guidelines for writing requirements ~ Requirements writing guideline, Specification writing guideline
[14;26,9%] [9;,17.3%]
Guidelines for requirements-related =~ Configuration management guideline, RE process guideline
processes [6;11.5%]
Guidelines in general [3;5.8%] General guidelines
Others Standardized diagrams [5;9.6%] Activity diagram, Class diagram
[34;65.4%] Standardized languages [16;30.8%] Modelling language

Standardized processes [14;26.9%]
Tools [4;7.7%]
Miscellaneous other [16;30.8%]

Tool

Change request process, Software development process

Architecture development method, Body of knowledge, Data dictionary,

Product vision board, Test case

'In [x;y%], x is the number of respondents who mentioned primary codes in this category, and y% is the percentage of x over the number of respondents who use

standardized artifacts (52).

2For the full list of codes, we refer to the study data package available at http://doi.org/10.5281/zenodo.4755756.

benefit from standards, for instance, easier prod-
uct evolution or improved project management.

e Human factors. Enumerates improved human abili-
ties or skills, e.g., providing better arguments in deci-
sion-making or better communication abilities.

e  Projects factors. Collects some factors that are related
to the project measurement or success, like risk, time
or effort.

e  Organizational. Declares benefits directly perceived
by the organization, as customer satisfaction or team
management.

e RE-related. Identifies benefits related with the RE
process, like improved requirements elicitation or
management, or a more comprehensive body of
knowledge (“structure to the [RE] field”).

4.5 RQ4. Do Practitioners Use Further Guidelines or
Documentation Templates in Their RE Process?

RQ4 includes four research sub-questions. Answers to

RQ4.2-RQ4.4 rely on the topics emerging from RQ4.1.

4.5.1 RQA4.1. What Further Guidelines or Templates do

Practitioners Use?

We applied the analysis method described in Section 3.6 over a
total of 136 responses from 54 respondents. Ten responses had
to be discarded because they referred to standards instead of
guidelines and templates (and should have been provided as
responses to RQ1.1 accordingly). One respondent explicitly
stated not to use any guidelines or templates. As a result, we
were left with 125 responses from 52 respondents (i.e., 57,8%
over the total number of respondents). Some responses referred
to more than one concept and after decomposing them, we
finally came up with 149 individual references to guidelines,
templates and other standardized artifacts. We identified 65
primary codes to classify these responses. For 28 of them, we
identified a secondary code providing further information
(e.g., a particular tool or a particular technique). In total, we

identified 34 secondary codes. However, the analysis of the sec-
ondary codes did not yield any notable insights with respect to
RQ4.1. The primary codes were grouped into three categories
following the question made, further divided into subcatego-
ries (see Table 8 for the coding and Fig. 9 for the number and
percentage of respondents using every type of artifact):

e  Templates. Writing templates are the dominant type,
both for individual elements (e.g., use cases, user sto-
ries) and entire documents (typically, the require-
ments specification). Some respondents reported
templates for RE-related processes (e.g., product gap
analysis), while a few more just reported the use of
templates in general or did not provide details.

e  Guidelines. We followed a similar sub-classification
as above, although in this case we didn’t distinguish
among guidelines for writing individual elements or
documents because the responses were in general
not very specific regarding this aspect.

e  Others. Here we grouped all the codes corresponding
to responses that were neither templates nor
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Fig. 9. RQ4.1: overview of respondents’ use of templates and guidelines
(percentages given over the set of 52 respondents who provided valid
responses).
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TABLE 9
Summary of Use of Templates, Guidelines and Other Standard-
ized Artifacts (Usage Refers to Projects)
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TABLE 10
Summary of Purposes of Using Templates, Guidelines and
Other Standardized Artifacts

llsagel Templates Guidelines Others Querall Z.Isage1 Templates Guidelines — Others Quwerall
Every [25;50.0%] [10;45.5%] [33;42.9%] [68;45.6%] Documentation [23;46.0%] [9;40.9%] [22;28.6%] [54;36.2%]
Most [15;30.0%] [8;36.4%] [28;36.4%] [51;34.2%] Communication [5;10.0%] [0;0.0%] [20;26.0%] [25;16.8%]
Some [10;20.0%] [4;18.2%] [16;20.85%] [30;20.1%] Elicitation [5,10.0%] [1;4.5%] [11;14.3%] [17;11.4%]
Total 50 22 77 149 Management [5;10.0%] 1[4;182%] 1[7,9.1%] 1[16;10.7%]
Set up process [3;6.0%] [4;182%] 16,7,8%] [13;8.7%]
1[x;y%]: x, number of responses that report the given level of use for the given Quality mgmt. [3;6.0%] [3;13.6%] [3;3.9%] [9;6.0%]
category; y%, percentage of x over the number of responses for the given cate- Compliance [3;6.0%] [1;45%] [1;1.3%] [5;3.4%]
gory (which appears in the last row). Others [3,6.0%] [0,0.0%] [7:91%] [10;6.7%]
Total 50 22 77 149

guidelines. Mainly, modeling languages, processes
other than RE-related ones, tools, diagrams, and
other miscellaneous (e.g., traceability matrices, ontol-
ogies, architecture development methods).

The number of respondents reporting use of templates
more than doubles the number related to the use of guidelines.
Furthermore, the number of respondents who reported the
use of both templates and guidelines is as low as [10; 19,2%].
The number of respondents referring to other artifacts is the
same as the number of respondents using templates. Most
usual references were to modeling languages (especially
UML) and processes (remarkably Scrum). We also observed
that respondents who use other artifacts tend to use several of
them together, e.g., various types of UML diagrams.

4.5.2 RQ4.2. How Often are These Guidelines or
Templates Used?

Table 9 shows the frequency of use of templates, guidelines
and other standardized artifacts. All categories have a simi-
lar distribution, with close to half of the responses reporting
use in every project and with all categories around 20% of
scarce use (“in some project”).

We have also analyzed usage at the level of the primary
codes and in general differences are not remarkable. We
only remark the following cases:

e The usage of guidelines for writing requirements is
highly polarized, with 4 usages out of 10 in every
project, and 5 other usages only in some project.

e  On the contrary, the usage of diagrams concentrates
in the mid-range of usage (“in most projects”), as
stated in 12 out of the 13 reported usages.

e All 5 usages of tools apply to every project.

4.5.3 RQA4.3. For Which Purpose do Practitioners Use
Each of These Guidelines or Templates?

Table 10 shows the frequency of the purposes of use of tem-
plates, guidelines and other standardized artifacts. Docu-
mentation of requirements is by far the main purpose of
use, especially in the case of templates. The rest of purposes
do not reach 17% of the responses given. Interesting results
are the high percentage of responses reporting communica-
tion purposes for artifacts other than templates and guide-
lines, as well as the relative importance of guidelines for
requirements management and setting up the RE process.
Most of the respondents who mentioned “Other” simply
wanted to express multiple purposes for an artifact.

'Ix;y%]: x, number of responses that report the given level of use for the given
category; y%, percentage of X over the number of responses for the given cate-
gory (which appears in the last row).

As in the previous sub-question, we analyzed the indi-
vidual artifacts in detail. We found the following;:

e Although documentation is the main purpose of
both document level templates and element level
templates, the dominance is different. While at the
document level it is the dominant purpose (12 out of
14), only 9 out of 21 mention this purpose on the ele-
ment level.

e The main purpose of the different types of other
artifacts varies: diagrams for eliciting require-
ments [7;53.8%], languages for documenting them
[10;52.6%], processes for communication purposes
[7,43.8%] and tools for managing requirements
[2;40.0%].

4.5.4 RQA4.4. How are These Guidelines or Templates
Used in Combination With RE-Related
Standards?

Up to 56 respondents provided 103 responses to this last
sub-question (which includes two respondents who did not
provide answers to the previous sub-questions). This means
that some respondents (concretely, 33) reported more than
one type of combination; unfortunately, the questionnaire
did not gather explicit information about the context of each
type, and the respondents did not use the free text to inform
either.

Fig. 10 shows that the greatest percentage of respondents
reported use of standardized artifacts as a way to add detail
to standards in three possible different ways (provide con-
text, add specific details, or add details in general), while
the number of respondents using the artifacts as replace-
ment of, or independently of, standards did not reach 25%
in any case.

5 DISCUSSION

In this section, we discuss our major findings in detail.
Finding 1: The General Knowledge About RE Standards is
Arquably Rather Low. As shown in Section 4.2.1, 42.2% of the
respondents do not know more than two RE-related stand-
ards. We found similar percentages for the respondents
who do not know the core RE standard, ISO/IEC/IEEE
29148, and its predecessor IEEE 830-1998: 45.6% and 44.4%,
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Fig. 10. RQ4.4: uses of standardized artifacts with standards.

respectively. If we analyze individual responses in detail,
27.8% of all respondents do not know any of these two core
standards. Even the most known standard in our study, the
IREB Glossary of RE Terminology, is not known by 30% of
the respondents, and this number grows to 51,1% if we con-
sider those respondents without any IREB certification.

In summary, and this is a main result of our study, we
found that the level of knowledge of RE-related standards is not
as high as one could expect. This lack of knowledge may pre-
vent practitioners from making informed decisions in their
projects, for example, whether to apply a certain method,
follow a certain template or use the right terminology.
This does not mean that knowing about standards will
always lead to their application, but knowing a standard
allows to decide against its application based on well-justi-
fied reasons.

We discuss next if there is any demographic factor with
an influence on the knowledge of standards. Remarkably,
one could expect that the 71 respondents who hold or held
the job title requirements engineer or business analyst in the
past six years would be more knowledgeable. However, as
Fig. 11 shows, differences are not important. In the same
vein, the knowledge of quality standards by the 18 respond-
ents occupying positions of quality engineers/quality man-
agers is not massive, with 61.1% of them knowing ISO/IEC
25010 and only 38.9 and 33.3% knowing ISO/IEC 25030 and
ISO/IEC 9126, respectively. Therefore, we conclude that
according to our study, the job title is not determinant for the
knowledge of standards.

We also analyzed the possible relation with the experi-
ence level. In general, results suggest that more experienced
professionals have a slightly wider knowledge of standards.
For instance, the percentage of respondents with more
than ten years of experience who know IEEE 830-1998 or
ISO/IEC/IEEE 29148 is 82.1%, compared to the 64.7% of the
rest of the population. We found similar results for other
standards that suggest that experience has an influence on the
knowledge of standards.

We also compared knowledge of standards with the class
of systems developed by our respondents. Although most of
the knowledge was evenly distributed, we found that the 20
respondents working on embedded systems have scarce
knowledge of quality-related standards (a total of [16; 80%]
do not know any) but instead are more aware of other engi-
neering standards ([12; 60%] know at least one), which is
opposite to what we found for the rest of system classes.
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Fig. 11. Knowledge of RE-related standards by requirements engineers
and business analysts.

Therefore, system class may be determinant in the type of stand-
ards that practitioners need to master for their work.

We analyzed other possible influencing factors such as
size or role of the team, but couldn’t find any further relation-
ships, except certification. Our general observation is that
only 3.8% of certified respondents do not know any stand-
ards, in contrast to the 13.2% of non-certified respondents.
This indicates a positive influence of certification on standard
knowledge. However, some particular standards do not fol-
low this general trend, and, in particular, the knowledge of
IEEE 830-1998 or ISO/IEC/IEEE 29148 is slightly lower for
certified respondents than for non-certified respondents
(71.2 versus 73.7%), with the only exception of the advanced
level certification population segment, for which the percent-
age increases to 84.6%.

Finding 2: Even the Known Standards are Barely Used. Even
if respondents know the standards, they still barely use
them. For example, only 14.3% of the respondents who
know ISO/IEC/IEEE 29148 actually use it in all their proj-
ects, while almost two thirds of them (65.3%) use it only in
some projects or even never.

Again, the situation does not improve much when con-
sidering the job title. For instance, when combining the
numbers for not knowing or never using standards,
[26;36.6%] of the RE/BA respondents do not know or never
use the two core RE standards, ISO/IEC/IEEE 29148 and its
predecessor IEEE 830-1998.

The numbers are similarly striking if we focus on respond-
ents instead of standards: 37 out of the 83 respondents who
declared to know some standard (i.e., 44.6%) use all of them
scarcely (i.e., they use all standards they know only in some
projects or never, or they prefer not to respond”).

Similarly to above, we investigated if some demographic
factors could have an impact on the use of standards. We
focused again on experience level and certification. While we
did not find any relationship among level of experience and
use of standards, we found that respondents without any certi-
fication are more prone to use standards scarcely than the rest
(54.5% compared to 38.0% for -certified respondents).

7. Arguably, we consider declining of a response as an indicator of
scarce use.
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Considering this observation and also the increased level of
general knowledge, we may conclude that certification has a pos-
itive influence on RE-related standards knowledge and use.

There may be further reasons behind the limited use of
standards. For instance, as early as in 1994, Pfleeger et al.
remarked as criticism at that time that “standards have cod-
ified approaches whose effectiveness has not been rigor-
ously and scientifically demonstrated” [31]. Another reason
can be the time needed to develop and deliver a standard.
Phillips [32] found that it typically takes three years to cre-
ate an ISO standard. Therefore, the contents of a standard
may already look a bit outdated when the standard is finally
published. Last, in software engineering in general, Laporte
et al. [28] have reported as reasons for not applying stand-
ards the perception that they are meant for larger organiza-
tions and require much documentation and bureaucracy.

Finding 3: Superseded Old Standards are Still in Use. Older
standards, such as the IEEE 830-1998, are still being used as
a documentation guideline despite being superseded by fol-
low-up standards. One reason could be that IEEE 830-1998
is much shorter and conciser than ISO/IEC/IEEE 29148.
Since our results also show that documentation is the most
cited purpose for standards in general, it might be even the
case that IEEE 830-1998, which is especially appreciated by
respondents in this regard, could be hard to replace
completely by ISO/IEC/IEEE 29148.

Other reasons could also apply. For instance, due to the
lack of continuous training and learning, practitioners
might not gain awareness about new standards and super-
seded old ones. In fact, only two respondents mentioned
at some point that the former standards were superseded
by the new ones, which supports this argument. Also, in
RQ2.3, we could observe that the two officially retired
standards IEEE 830-1998 and ISO/IEC 9126 are those with
the highest percentages of being imposed by organiza-
tions. This could be linked with some of the impediments
reported in RQ3.2, as the lack of knowledge in the organi-
zation. Other possible reasons could be reluctance to
change, especially if practitioners cannot perceive a real
benefit in ISO/IEC/IEEE 29148 compared to IEEE 830-
1998, or that the communication of a new standard when it
is released is not effective. We couldn’t find any further
evidence from the data. For instance, we explored if
respondents with more experience were not aware of the
new standards and stuck to the old ones, but this was not
the case.

Finding 4: University Curricula do not Communicate the
Existence of Standards Effectively. Our results in Fig. 4 show
that even if the great majority of our respondents have uni-
versity degrees, university studies take only the 5th place
when it comes to where the respondents learned about the
standards, with only [18;22.1%] of respondents citing uni-
versity studies as a source.

Only respondents with a PhD yield a greater share of up
to 33.3%, but this segment of the population is small (only 9
respondents in our study). For the rest of respondents, and
especially those holding an engineering degree, training
courses and self-learning (reading or web searches) were
much more influential.

This observation collides with some criteria formulated by
the Accreditation Board for Engineering and Technology
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(ABET), e.g., “students must be prepared for engineering prac-
tice through a curriculum culminating in a major design expe-
rience based on the knowledge and skills acquired in earlier
course work and incorporating appropriate engineering stand-
ards and multiple realistic constraints” [1] and suggests the
need for RE educators in university settings to give more atten-
tion to this area. This action has to overcome reported impedi-
ments to teaching standards as lack of text books, lack of
practical knowledge by educators, and availability and cost of
access to technical standard documents [26], [32]. Innovative
approaches such as gamification [8] may help educators to
improve the teaching of standards.

Finding 5: Standards do not Provide Adequate Support Neither
for Requirements Elicitation nor for Compliance With Regulations.
Our results show that these two aspects are the worst rated
purposes for which standards are used with averages of 11.0
and 10.1%, respectively, of all responses (see Fig. 6). When
looking at respondents instead of responses, we get a similar
picture: elicitation and compliance are the worst rated pur-
poses, with less than 30% of respondents using standards for
these purposes. Especially noticeable is the case of require-
ments elicitation, given that this activity is recognized as cru-
cial in the RE discipline. In our opinion, this finding calls for
an effort by standard agencies and organizations to improve
this aspect in later versions of current standards, or even new
standards.

Finding 6: There is a Great Variety of Factors Driving the Use
of Standards. The dominant reason for using standards is
Personal Choice (see Fig. 7), with an average of 51.1% and a
range from 35.3% for ISO/IEC 9126 to 69.1% for the IREB
Glossary. When taking together the cases where standards
are imposed by regulators, customers or the respondents’
organization, being imposed is the follow-up reason for using
standards, ranging from 18.2% for the IREB Glossary to
47.1% for ISO/IEC 9126 and an average of 33.5%. The for-
mer is no surprise, as the IREB Glossary is no official stan-
dard, while the latter aligns with Finding 3, as ISO/IEC 9126
was officially withdrawn in 2011, when its successor, ISO/
IEC 25010 was released.

As the results for RQ3 (see Section 4.4) show, respond-
ents provide many reasons for justifying the use of stand-
ards. A high share (63.2%) mention specific factors as
drivers on the use of standards, and among them, consis-
tency and quality are the most frequently cited ones. As
mentioned in one response, “when dealing in large teams,
diverse processes and workshops running in parallel, the
standards help in ensuring consistency on the level of
details documented to help in smoother implementations”.
Communication at all levels is also a frequently cited factor,
as reflected, e.g., by “Common understanding in the team”,
“Ensure a common understanding of the requirements with
internal and external stakeholders”, and “To introduce a
common RE language in my department (RE glossary)”.

Finding 7: Lack of Knowledge and Skills, and Personal and
Organizational Culture, are the Main Impediments to the
Adoption of Standards. The greatest share of respondents
reporting impediments ([33;75.0%]) identify different
knowledge-related or cultural issues (see Table 6°).

8. Please take into account that a respondent may identify several
factors as impediments.
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Resolving them could pave the way to improved stand-
ards adoption.

Cultural issues are the most striking ones since they seem
difficult to be solved in an organization in the short term.
Among them, the poor consideration of RE (8 responses)
goes beyond the standards adoption problem. A respondent
summarized the problem as “Too [few] people know about
the challenge of the work with requirements. Project man-
agers think you just ask the business and that’s it”. More-
over, from a business point of view, “most companies lack
[an] RE process because they don’t see the value”. Another
respondent stated “[A] realistic budget is almost never allo-
cated to RE” In this context, it is not just the adoption of RE-
related standards that is jeopardized, but the whole RE
process.

Last, the percentually high number of respondents who
complain about standards per se (16 respondents, i.e., 36.4%
of those who mentioned impediments) cannot be neglected.
Some criticisms look very well justified and should be con-
sidered as useful input for standard organizations. For
example, standards are said to be too rigid, too theoretical,
or to put it simpler: “they do not answer the real needs”.
However, other responses express beliefs that show a mis-
conception about how current standards may be used such
as “Our environment is changing too fast to use an old fash-
ioned standard” or “our standard way of specifying
requirements is using natural language, so we cannot bene-
fit from modelling standards”. This points out the need of a
better communication of the utility of standards.

Finding 8: Human Factors do Equally Benefit From the Use of
RE-Related Standards as the Quality of Requirements. More
than a third of our respondents who reported benefits
([18;40.0%]) mentioned that human-related skills or activi-
ties have improved after the use of RE-related standards.
This is equal to the share of respondents mentioning bene-
fits related to an improvement of the quality” of the require-
ments ([18;40.0%]) and underlines that the importance of
standards transcends a purely technical perspective on RE.

From a communication perspective, all involved stake-
holders benefit from standards: “[there is a] common under-
standing among the people working on requirements”,
“easier communications with customers and other counter-
parties”. “Glossary standardization” is one of the referenced
assets supporting communication.

Another emerging human-related aspect is the confi-
dence that standards give to requirement engineers to jus-
tify their decisions, e.g., “the BA always has the necessary
tool set for arguments” or “I have been challenged in the
past for why I have chosen to adopt a certain methodology
or approach and having a standard to reference has allowed
me to promote my opinion more effectively”. Being aware
of this may help requirements engineers realizing about
personal outcomes they may take from standards” adoption.

Needless to say, the impact on human factors does not
mean that technical benefits should be dismissed. It is not
just “higher quality of requirements”, but as a consequence
“higher project success and final product quality; improved

9. Respondents mentioning the attributes consistency, quality, compli-
ance, completeness, credibility, or clarity; see Table 7. We omitted the
attributes effectiveness and timeliness as they refer to process quality.
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customer satisfaction”. One of the respondents even pro-
vided a rough estimate of this gain: “Up to 30% less time
and budget consuming for entire project effort (not at the
beginning, but over time)”.

Finding 9: The Use of Standards and Standardized Artifacts
Appears to be Independent. When analyzing the usage of stan-
dardized artifacts, it could be expected that there is some
kind of relationship with the usage of standards. We investi-
gated two particular hypotheses:

e (1) Respondents knowing less standards, or using
less often the standards that they know, use more
standardized artifacts, or use them more often. This
would be an indicator that standardized artifacts
may be used as a kind of substitute for standards.

e (2) Respondents knowing more standards, or using
more often the standards that they know, use more
standardized artifacts, or use them more often. This
would be an indicator that the profile, attitude or
education of the respondent is more determinant
than the type of resource used.

However, we couldn’t find any relationship among these
concepts, which lead us to conclude that according to this
study, the use of standards and other artifacts as templates,
quidelines, notations and languages, are not related to each other.
Besides, we explored also the possible influence of demo-
graphic factors and we did not find any result either.

6 THREATS TO VALIDITY

As any other empirical study, ours has faced several threats
to validity that we report in this section.

Convenience Sampling. Sampling is a major challenge in
empirical research typically affecting the conclusion validity,
especially when conducting surveys. Selecting a representa-
tive random sample of the target population is frequently
beyond of what is possible in a research project. Therefore,
researchers often opt for convenience sampling instead. This
was also the case for our research. As we did not have the
resources required to survey a large enough random sample
of people, we selected our respondents by reaching out to a
population related to our (social and industrial) networks.
We mitigated related threats in accordance with Gravetter
and Forzano [10] by, first, carefully selecting a broad cross-
section of the target population [3] and, second, being trans-
parent in our demographics.

Quality of the Instrument. One of the main issues was to
implement a balance on the amount of information gathered
and the questionnaire completion time. As reported by Dill-
man et al.: “The desire of surveyors to obtain answers to
increasingly detailed questions needed for complex model-
ing of attitudes and behaviors appears often to be in conflict
with the limitations and patience of respondents for provid-
ing answers” [4]. A further challenge was to ensure that the
respondents all had the same understanding of the ques-
tions as we had when implementing them, also due to the
verbose notion of what a standard eventually is. This threat
to the internal validity was evident in the suggestion of
standards that respondents gave in RQ1.1, which in general
we discarded as the suggestions did not match the concept
as we defined it.
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Also in terms of construct validity, a related challenge also
concerns the pre-selection of standards. To mitigate this
threat, we conducted pilots of the questionnaire to ensure its
sufficient completeness, but also the correct understanding
and to find possible defects. Based on these pilots, we made
some corrections and improvements (cf. Section 3.4). An
argument to support the adequacy of the final set of pre-
selected standards is that respondents mentioned very few
additional standards in the open text fields. However, there
is always the possibility that some standard or type of stand-
ards is missing, for instance because respondents may not be
aware that they actually use a standard or because they do
not know the name even if they know they are using it.

Accuracy of the Coding. RQ3 and RQ4 were implemented
with free-text questions. Therefore, we needed to apply con-
tent analysis. In order to reduce the threat of inaccurate cod-
ing, also in the light of coding being always a creative task
influenced by researchers’ bias, we applied some well-
defined steps as reported in Section 3.6. Designated authors
took the lead of the process, iteratively identifying terms,
topics, and categories. The entire team discussed the results
when a consolidated proposal was available. In this process,
the codes were slightly adjusted to consolidate each other’s
opinions. Furthermore, in RQ4, we deemed convenient a last
iteration involving a different author. As a final mitigation
strategy to threats to the internal validity, we decided to dis-
close our raw data and the resulting coding scheme as a rep-
lication package'” so that other researchers can comprehend
how we have drawn our conclusions from the data.

Average Response Rate. We implemented RQ1 and RQ2 in
the questionnaire through closed questions. Together with
the dynamic implementation of the RQ2-related part of the
questionnaire, almost all respondents provided answers to
the questions related to RQ1 and RQ2. On the contrary, RQ3
and RQ4 were implemented in the questionnaire as open-
ended free text questions, and this motivated that the per-
centage of responses dropped down to almost half of the
survey population resulting in a threat to the internal valid-
ity, but also to the conclusions we can draw based on these
two research questions.

Generalization of Results. Given the relatively low number
of responses received and also the great diversity of
respondents, we cannot claim that the findings of our study
would necessarily correspond to results obtained when con-
ducting the same survey with a different part of the RE pop-
ulation. Given the lack of evidence in the subject under
investigation, we also cannot generalize our results by anal-
ogy. This threatens the external validity of our results. How-
ever, we believe that the results already provide great
insights into the current state of affairs in the adoption of
RE standards and our disclosed replication package allows
other researchers in the community to replicate our study
with further samples.

7 CONCLUSION AND FUTURE WORK

In this article, we have reported on the results of a survey
with practitioners on the use of RE-related standards in
industry. To our knowledge, this is the first study of this kind.

10. http://doi.org/10.5281/zenodo.4755756
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We found that the knowledge and use of standards by
the respondents of our study is much lower than antici-
pated. The majority of respondents decide themselves to
use standards; mandatory use imposed by the company, a
customer, or a regulator are minor factors in comparison.
Beyond insufficient knowledge, there are also cultural and
organizational factors that impede the widespread adoption
of RE-related standards.

The interpretation of our findings is subject to future
work. Our results could be an indicator that RE as a disci-
pline is still in an immature state. However, the reason
behind our observations could also be that RE is a discipline
where standards are less important for systematic and suc-
cessful work than they are in other engineering disciplines.

Our findings are useful for a variety of stakeholders.

e  Practitioners get an overview of RE-related standards
and how their colleagues apply them in practice.
This can alert practitioners to standards that are
worth adopting. In addition, discussing major
impediments and perceived advantages can help to
plan for adoption. By promoting the systematic
application of standards, our work as a whole is a
means of improving the state of practice.

e  Standardization bodies may learn about the acceptance
of their standards by industry and understand what
aspects could be improved.

e  Researchers can take these results as a basis for further
studies that will help interpret our findings and
extend the research. Based on our disclosed open
access replication package, they can even start their
own analysis using our shared data set. It would
also be interesting to repeat this study with a broader
scope and a larger community of participants. Fur-
thermore, it would be worthwhile to study factors
that impede the adoption of standards in more detail
and with different empirical methods, for example,
by analyzing the influence of organizational culture.
Finally, exploring the benefits associated with the
use of standards could provide valuable insights for
researchers and practitioners and promote informed
decision-making about the adoption of standards.

The low degree of knowledge of relevant RE standards is

an indicator that many requirements engineers feel that
standards do not add sufficient value in the context of their
work. In this light, our results also provide a starting point
for investigations about how to improve or augment exist-
ing standards so that they provide more value to the RE
professionals who apply and use them.
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