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Abstract. [Context| User Stories (USs) are a popular notation for writ-
ing requirements in Agile software development. USs are often stored
in Issue Tracking Systems (ITSs) and are a starting point for defining
software development tasks. [Problem| While writing high-quality re-
quirements statements is a typical concern when authoring requirements
specification documents, this is less the case when writing USs in an ITS.
This may also be the attributed to the fact that practitioners are not fa-
miliar with techniques for improving the quality of their USs. [Method]
As part of previous research in a large organization, we found that prac-
titioners were eager to learn how to write better USs and asked four
Agile teams to participate in a study aimed at improving that practice.
We conducted canonical action research where these teams were offered a
lightweight intervention in the form of guidelines for writing USs—based
on the Quality User Story (QUS) framework—, which they could use to
reflect upon the quality of their USs. [Findings| The share of atomic and
minimal violations decreased through the use of the intervention and, for
the former, the positive effects lasted even after the intervention period
ended. However, practitioners did not agree with all the guidelines and
argued that violating the criteria can sometimes benefit them in terms
of clarity and time spent. These results call for better contextualization
of research on user story quality, which we initiate by proposing revised
formulations of our guidelines.

Keywords: Requirements Engineering - User stories - Quality User Story
framework - Canonical Action Research.

1 Introduction

Requirements in Agile software development (ASD) are defined incrementally
and iteratively [13], often through the formulation of User Stories (USs), which
express a requirement in a compact manner using a simple template such as the
Connextra format [3]: “As a [role], I want to [action], so that [benefit].”.

In Scrum, the most popular ASD method [23], teams rely largely on infor-
mation available in their Scrum boards, often stored in issue tracking systems,
and do not routinely speak to the user [11]. This increases the importance of
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the quality of USs, as they are a frequently used Agile requirements engineer-
ing (RE) practice [11], and are often the only source of information for team
members.

Poor requirements can lead to software errors that require rework [5]. This
remains a relevant topic, as maintaining requirements quality is considered a
challenge in large-scale agile system development. The same is true for time-
to-market; teams want to deliver quickly, but still need to achieve requirements
with sufficient quality [15].

Several frameworks have been proposed to assess the quality of USs, such as
INVEST [24] and Quality User Story (QUS) [16], but their use and effects are
rarely tested in practice. In a broader sense, researchers have argued that more
empirical studies are needed on the effects of Agile RE and the application of
Agile RE practices [14, 4].

In a previous study [20], we analyzed the US quality of eight Agile teams by
evaluating them on four QUS framework criteria [16]. We found that all four cri-
teria were violated to various degrees. The participants expressed that they were
unfamiliar with some of the criteria, but were eager to learn and improve their
USs. We invited half of these teams again to participate in this canonical action
research (CAR) [6] study to assess whether the quality of their USs could be im-
proved regarding these criteria. In addition, we measured information retention
by repeating the analysis after the use of the intervention.

All four teams were given guidelines to use to write their USs for six, two-
week sprints. After the period, we interviewed the participating Product Owners
(POs) and Scrum Masters (SMs), to get a qualitative perspective on the guide-
lines’ usefulness. In addition, we assessed the written USs on the same four QUS
framework criteria and compared the violations to those of the previous study.

We found that the number of violations can be reduced through the use of
our lightweight intervention. In addition, the participants stated they would rec-
ommend the use of the guidelines to other Agile teams within the organization.
However, they disagreed with some guidelines, saying they would make their
processes more complex and less time-efficient. Based on their feedback, we pro-
pose a reformulation of the guidelines to make them more suitable for use in a
real-world Agile development setting, by increasing their pragmatism.

The remainder of this paper is structured as follows. We discuss related
literature in Section 2. The methods used are described in Section 3, followed by
the results in Section 4. Finally, we present a discussion in Section 5 and provide
conclusions in Section 6.

2 Related work

We discuss relevant background regarding the QUS framework, as well as studies
which evaluate the use of agile requirements in industry settings.

Heck & Zaidman categorized quality criteria for agile requirements (speci-
fications) into three main groups: completeness, uniformity, and consistency &
correctness [10]. The latter category focuses on the correctness of individual
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requirements and their consistency with others, and an example of this is the
INVEST mnemonic [24]. INVEST suggests that USs should be Independent,
Negotiable, Valuable, Estimable, Small, and Testable.

Lucassen et al. created the QUS framework as a response to limited methods
and frameworks for determining and improving the quality of USs. At the time of
their study, only INVEST was available. The QUS framework consists of thirteen
criteria, which apply to either individual USs or a set of USs [16]. While the
authors did experiment with US quality assessment in an industry setting, this
required a training session and the use of the AQUSA tool [17], which raises the
threshold for participation. Moreover, the training needs to be repeated if new
members join the team. Whether the knowledge gained by the practitioners was
retained by them after a longer period of time was out of scope. A longitudinal
cohort study by Fucci et al. showed that it is possible for participants to retain
information learned over a period of several months, although they specifically
studied Test-Driven Development [9].

Through a survey, Wang et al. found that requirements analysts in agile
settings discuss requirements once or twice a week with their customers, to con-
firm new requirements for each sprint or to capture changes to existing require-
ments [25]. Most respondents used a two-week iteration or sprint, suggesting
that requirements need to be captured and documented quickly and often. In
addition, high workloads, requirement refinement, creating and estimating USs
and requirements ambiguity were among the main challenges in large-scale agile
transformation, according to a systematic literature review by Dikert et al. [§].
This emphasizes the need for supporting tools, but also shows that these should
not be time-consuming to avoid further increasing the workload. This is sup-
ported by Kasauli et al., who found that quality and time-to-market are a trade-
off large-scale agile systems development often struggles with [15].

Previous studies also evaluated the creation and use of agile requirements
through empirical methods. Writing requirements, for example, was investigated
by evaluating whether potential POs, people with limited to no experience with
writing requirements but who are familiar with the context, are able to write
USs [21]. They provided participants with Cohn’s US template [3], as well as
an example US. They evaluated the output and found that, in general, the
participants adhered to the template. Berends & Dalpiaz focused on refinement
of USs [2]. Through example mapping, they had team members discuss how the
requirement should function in the software; what is allowed and what is not
according to the US in question. Their results show that example mapping has
a positive impact on the shared understanding of the team [2].

As for the use of requirements, the Requirements Specification for Devel-
opers (RSD) approach was developed to tailor the requirements to developers
in order to support them in requirements validation [18]; this approach focuses
more on the creation and use of acceptance criteria. Medeiros et al. evaluated
the approach in practice and report that the RSD approach results in a more
objective requirements specification, which was deemed more suitable for devel-
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opers [19]. However, in some cases, multiple requirements were included in one
RSD artifact, which negatively affected productivity.

A 2021 study [22] investigated both the creation and use of requirements, by
studying how the quality of USs affects the development process, for instance
through rework or delays. First, they assessed the quality of 3,414 USs on the
well-formed, atomic, minimal, unique and uniform criteria from the QUS frame-
work. The results were expressed as a quality score, which they tested for a
correlation with the number of associated bugs, the number of times rework was
done and the number of delays. Their results show that lower quality USs corre-
late with more bugs, increased work, and delays, while high quality USs are less
likely to suffer these development problems [22].

3 Research method

We conducted a Canonical Action Research [6] study to investigate whether
US quality can be improved via a not-too-intrusive intervention. Davison defines
five main principles for CAR: (i) researcher-client agreement, (ii) cyclical process
model, (iii) theory, (iv) change through action, and (v) learning through reflec-
tion [6]. In this section, we specify which decisions contribute to which principle,
by including them in parentheses (i.e., CAR-i). We selected CAR because the
participants in our previous study [20] expressed eagerness to learn and improve
(CAR-i/iv). Through CAR, we aim to contribute to the research-industry bal-
ance, by making this study relevant to practitioners [12]. We intend to answer
the following main research question (MRQ): How does supporting Agile teams
with lightweight guidelines affect the quality of user stories?

We aimed for a lightweight intervention because (Agile) development teams
often have a high workload and therefore cannot always afford to spend time on
(additional) training (CAR-iv). Moreover, when a member leaves the team, their
knowledge and experience is lost, making training less valuable in the long-term.
This is another argument in favor of CAR; only end-users can evaluate whether
use of the intervention is viable in the long-term (CAR-iii). Wohlin [26] states
that integrating a study into the daily work of the industry is key to the interest
and commitment from the industry. We describe the intervention in Section 3.2.

We interviewed the practitioners responsible for writing USs for their team
to evaluate the intervention and gain insight into their experience (CAR-v). US
quality is measured by assessing each US on the four quality criteria at the
basis of the intervention: well-formed, atomic, minimal and full sentence. This
selection of criteria is in agreement with our previous study and allowed us to
compare results; the number of violations of each criterion (CAR-i). We combine
qualitative and quantitative methods; the qualitative perspective helps explain
patterns found in quantitative data [26].

3.1 Research design

Figure 1 illustrates our research design. First, we provided the participating
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Fig. 1. Research design showing data gathering process.

teams with the intervention, the guidelines to use, in the form of a digital one-
pager. The practitioners discussed the guidelines at the beginning of the first
sprint, and used them to write and refine USs for six sprints, the first post-
intervention phase (PI-1), during this time, the researchers and teams did not
interact; this also means that we did not enforce the guidelines. After the six
sprints were finished, we interviewed the POs and SMs of the participating teams
to learn about their experience using the guidelines (CAR-ii). We then assessed
the quality of the USs and compared the number of violations from before and
after using the guidelines, in absolute numbers and as a share of the USs included.
Inspired by Fucci et al. [9], we also assessed the quality of the USs created in the
six sprints after that, which we call the second post-intervention phase (PI-2),
to see whether any information learned was retained (CAR-iv).

3.2 Intervention: Guidelines for US writing

We formulated fourteen guidelines for the teams to follow. Each guideline was
proposed by the first author and reviewed by the second. We distinguish between
practices to follow, “do’s”, and practices to avoid, “don’ts”, when writing a single
US. Both Dutch and English versions of the guidelines were made available. Each
guideline corresponds to a quality criterion. We summarize the guidelines and
the criteria to which they are related in Table 1. The do’s are indicated by a P
for positive in the ID, while don’ts are indicated by an N for negative.

All guidelines were (i) created using a deductive approach; informed by qual-
ity issues encountered in our earlier study [20], in which we objectively assessed
each criterion (CAR-ii), and (ii) based on the QUS criteria. We intentionally
used theory to inform our guidelines, since we assumed that POs and SMs write
US to the best of their ability already and we wished to bring theory and practice
together.

The guidelines presented in Table 1 address both ‘broad’ (violating a crite-
rion) and ‘narrow’ (improving an element of the US) quality issues. The former
are indicated by IDs in bold. A US that contains a role and an action does
not violate the well-formed criterion, but also does not mean that it contained a
‘good’ role. For example: “As [the organization], I want to sort tasks alphabeti-
cally.” While this US is well-formed according to QUS, the role could be improved
by mentioning a specific stakeholder instead, we call this a narrow quality issue.
Such issues were included in the qualitative findings of our previous study.
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Table 1. Guidelines presented to participating teams, organized as positive do’s (Px)
and negative don’ts (Ny), including the corresponding quality criterion.

ID Description QUS criterion
P1 Use a specific template ‘Well-formed
P2 Specify at least a role and an action Well-formed
P3 Specify a desire for exactly one functionality Atomic

P4 Formulate a clear benefit or motivation Minimal

P5 Use a full, grammatically correct sentence Full sentence
P6 Write in one language (jargon excepted) Full sentence
P7 Use a function title as a role Well-formed
N1 Specify the (technical) solution Minimal

N2 Use negations in actions Minimal

N3 Add unnecessary information in brackets or at the end Minimal

N4 Force tasks (e.g., bug fixes, maintenance) into a user story Well-formed
N5 Specify non-functional requirements in user stories ‘Well-formed
N6 Refer to other user stories or documents Minimal

N7 Use a system or application as a role ‘Well-formed

While the narrow quality issues are not reflected in the quantitative results,
they were discussed in the interviews and part of the qualitative results. Note
that the participants were only given the description from Table 1 preceded by
“do” or “don’t”, but were unaware to which criterion a guideline is related. This
was done so they could not focus on a single guideline in particular to improve
on their violations from the first study.

3.3 Participants

We held our study in a large organization based in the Netherlands; we can-
not disclose the identity due to the confidentiality constraints. The organization
maintains many applications and over 200 Agile teams are active. The organi-
zation and the teams were chosen for convenience, but the researchers were only
involved with the teams for the sake of this study (CAR-ii). Six of the teams
included in [20] were asked to participate in this study, two of which declined
due to high workload. All interviews were held with the POs and/or SMs of the
team. A brief description of the teams can be found in Table 2.

Table 2. Demographics of the participating teams.

Team ID Size in #employees Type of dev. Ext. members Interviewees

T1 8 to 10 Low code No 2
T2 8 to 10 Full code Yes 2
T3 12 to 18 Full code Yes 1
T4 8 to 10 Mix Yes 3

3.4 Qualitative data gathering

The interviews were semi-structured: interviewees were asked questions, but
could share whatever they wanted and ask questions in return. The following
questions were asked in every interview:
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Did you use the guidelines?

Were you able to understand the guidelines?

What was the most useful guideline?

What was the least useful guideline?

Was any information new to you?

Would you recommend the guidelines to someone else?
Is there anything else you would like to share?

oo W=

We shared no information on the performance of their team with the interviewees
before or after the receiving of the guidelines.

3.5 Quantitative data gathering

We performed the quality assessment on the USs of the participating teams
again after the interviews were conducted. For each team, we gathered the USs
of the six sprints that followed right after providing them with the guidelines,
the first post-intervention phase. The participants were aware of which criteria
their USs would be assessed on. We also gathered the USs of the six sprints
that followed after that, the second post-intervention phase, to see if retainment
was present; meaning if fewer violations are present after participation in this
study has ended. Unfortunately, Team 3 ceased expressing requirements through
USs in the second post-intervention phase, as they switched to task descriptions;
therefore, for that phase, no data are available for them.

All USs were assessed on the following, adapted, QUS criteria [16] (CAR-iii):

. Well-formed: A US includes at least a role and an action.

. Atomic: A US expresses a requirement for exactly one feature.
. Minimal: A US contains only role, action and benefit.

. Full sentence: A US is a well-formed, full sentence.

= W N

For each US, we manually assessed whether a criterion was met or not, us-
ing the same guidelines as described in our previous study [20]. First, for the
well-formed criterion, we checked whether a role and an action were included.
Second, for atomic, we focused on the use of words such as “and” and “or”; indi-
cating enumerations. Third, additional text in USs, such as after the period or
included in parentheses, resulted in a minimal violation. Fourth, the full sentence
criterion was considered violated if the sentence was syntactically incorrect. The
manual assessment was performed by the first author, discussing edge cases with
the second. In addition to confidentiality reasons, we made this choice because
Wouters et al. [27] reported high inter-rater reliability for the well-formed and
atomic criteria.

4 Results

While the quantitative data were collected last, we present these results first in
Section 4.1, and then use the qualitative results in Section 4.2 for triangulation.



8 S. Molenaar & F. Dalpiaz

4.1 Quantitative results
We compare the quantitative results of three phases of the study:

1. Base: the baseline, the quality and violations observed prior to the interven-
tion (obtained in [20]), which consisted of nineteen sprints;

2. PI-1: the first post-intervention phase, focusing on the six sprints during
with the participants were asked to use the intervention;

3. PI-2: the second post-intervention phase, focusing on the six sprints that
immediately follow PI-1.

Based on the number of violations and on the classification from our previous
work [20], the USs are divided into three groups: those of high quality (no vio-
lations), medium quality (one violation), and low quality (two violations). USs
with more than two violations were not observed.

In Table 3, the quality score of the USs written by the teams is shown for
each phase. We also include the number of USs assessed. For the baseline, which
included more sprints, we include a normalized number of USs in parentheses.
Note that in the PI phases, the teams worked with the lower range in number of
employees described in Table 2, which explains the decrease in number of USs
per sprint per team. The quality of USs across the teams improved after the in-

Table 3. Number and share of USs per quality score and team. The total number for
the Base period, over 19 sprints, is also presented in parentheses after normalization
to 6 sprints, allowing direct comparison between Base, PI-1, and PI-2.

Low Medium High n

Base PI-1 PI-2|Base PI-1 PI-2|Base PI-1 PI-2|Base PI-1 PI-2

T1 3 0 0 62 5 4] 160 33 35| 225 (71) 38 39
1% 0% 0%| 28% 13% 10%| 71% 87% 90% - - -

T2 0 1 0 15 14 5| 106 32 22| 121 (38) 47 27
0% 2% 0%| 12% 30% 19%| 88% 68% 81% - - -

T3 5 0 - 47 1 -l 133 29 -| 185 (58) 30 -
3% 0% -l 25% 3% -l 2% 97% - - - -

T4 4 0 2 55 10 15| 136 22 25| 195 (62) 32 42
2% 0% 5%| 28% 31% 36%| 7T0% 69% 60% - - -

Total 12 1 2| 179 30 24| 535 116  82|726 (229) 147 108
2% 1%  2%| 25% 20% 22%| 74% T9% T76% - - -

tervention; from 74% high quality USs in the baseline to 79% post-intervention.
The second post-intervention phase also shows an overall improvement, but of
weaker strength (76%). Only team 2 shows a decrease in quality, while teams 1
and 3 show an increase in high quality USs and team 4 only shows an improve-
ment through a reduction in low quality USs (from 2% to 0%).

Table 4 reports the number and share of QUS violations per criteria and team.
Again, we also include the number of USs assessed and a normalized number
of USs for the baseline. After the intervention, no well-formed violations were
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Table 4. Number and share of QUS violations per criteria and team.

‘Well-formed Atomic Minimal Full sentence n
Base PI-1 PI-2|Base PI-1 PI-2|Base PI-1 PI-2|Base PI-1 PI-2|Base PI-1 PI-2
T1 1 0 0 59 5 4 7 0 0 1 0 0| 225 (71) 38 39
0% 0% 0%| 26% 13% 10%| 3% 0% 0%| 0% 0% 0% - - -
T2 0 0 0 11 10 3 4 4 2 0 2 0| 121 (38) 47 27
0% 0% 0%| 9% 21% 11%| 3% 9% 7%| 0% 4% 0% - - -
T3 2 0 - 37 1 - 16 0 - 2 0 -| 185 (58) 30 -
¢ 1% 0% -l 20% 3% -l 9% 0% -l 1% 0% - - - -
T4 0 0 0 46 5 10 15 4 9 2 1 0| 195 (62) 32 42
0% 0% 0%| 24% 16% 24%| 8% 13% 21%| 1% 3% 0% - - -
Total 3 0 0] 1563 21 17 42 8 11 5 3 0[726 (229) 147 108
0% 0% 0%| 21% 14% 16%| 6% 5% 10%| 1% 2% 0% - - -

observed, but these numbers were low in the baseline too. The atomic violations
decreased from 21% to 14% in PI-1 and are still lower than the baseline in PI-2
(16%). The minimal violations show a slight improvement in PI-1 (5%) compared
to the baseline (6%), but increase to 10% in PI-2. The full sentence violations
increased slightly in PI-1 to 2% (was: 1%), but disappeared in PI-2 (0%).

From both perspectives (quality score and violations per type), Team 1
presents a continuous improvement from baseline to PI-1 to PI-2. The same
is true for Team 3, but here we can only make observations regarding the dif-
ference between the baseline and PI-1. Team 4 shows some improvement, but
in some cases performs worse after the intervention. The same can be said for
team 2, but in less severe terms.

4.2 Qualitative results

We report the results gathered in the semi-structured interviews. We discuss
each interview question (see Section 3.4) and include additional feedback from
the interviewees at the end. For each finding, we specify which team represen-
tatives support it by listing their IDs. For instance (T1/T4), means that the
POs/SMs of teams 1 and 4 mentioned the finding. When relevant, observations
from Section 4.1 are included to triangulate the findings.

1. Did you use the guidelines? All four teams stated that they used the
guidelines for writing their USs during PI-1. Two teams specified that they kept
the guidelines at hand while writing USs, but did not check the USs on the
guidelines specifically after writing was finished (T1/T4). One of these teams
discussed the guidelines with the entire team beforehand (T4), while the other
adapted their template; specifically including the benefit of the US (T1). One
team summarized the guidelines, keeping only what they ‘needed’ (T3).

2. Were you able to understand the guidelines? All four teams understood
the guidelines just by reading them and had no need to clarify. Two teams were
able to recognize many aspects in the guidelines from their own way of working
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(T1/T4) and one specified that they appreciated this as a validation of what
they were already doing (T1).

3. What was the most useful guideline? P3 is considered one of the most
useful guidelines by Teams 3 and 4. Specifying a need for only one functionality
is still a challenge for Team 3, but they noticed that they split USs [7] into
smaller parts more often than before. This is also reflected in the quantitative
results: Team 3 went from 20% atomic violations to 3% and Team 4 from 24%
to 16% (baseline to PI-1). Team 1 also shows an improvement here, from 26%
in the baseline to 10% in PI-2.

Three teams (T1/T2/T4) tried to refrain from including unnecessary infor-
mation (N3), for instance by evaluating the US after it was written to check if all
information included was truly necessary, if not, it was left out (T1). Team 1 was
successful in reducing the share of minimal violations (from 3% to 0%), as was
team 3 (from 9% to 0%). Both Teams 2 and 4 had an increase percentage-wise,
from 3% to 9% and 8% to 13%, respectively. Two teams (T2/T4) mentioned the
avoidance of negations (N2). No requirements by negation were observed in the
PI-1 and PI-2 phases for Teams 2 and 4.

Team 1 tried to avoid specifying a technical solution (N1), because they dis-
cuss solutions among the team and may have different opinions on what the
solutions should be. To keep all team members in the know, they include im-
plementation hints in the documents and try to keep USs as functional and
problem-oriented as possible. This is especially challenging when the stakeholder
requesting the feature already includes solutions in their request (T1).

Team 3 mostly prefers the ‘positive’ guidelines and mentioned P7 as an
important one. At first, they used to include themselves or the system as the
role, since they wrote the USs for improvement of that system. Now they choose
someone from the business to include in the role and this person is asked to
accept the US too (T3). After the intervention, the system was used as a role
only once. They also try to write in one language now (P6). No USs were written
using more than one language after the intervention (jargon excepted). N4 was
mentioned by only one team (T2). After the intervention, all teams still recorded
maintenance tasks in a US template, such as: “I want to update [system] to
[version”.

4. What was the least useful guideline? Teams 2, 3 and 4 considered N1
the least useful. Technical solutions are included in the US to ensure all team
members are on the same page (T3/T4). They had to start this practice, because
in the past some USs were so poorly written that the solution did not meet the
requirement (T4). Working with third-party team members is also mentioned as
a reason, since they sometimes have to work asynchronously. So, in order to work
more efficiently, they include the solution rather than having to schedule another
meeting; every feedback cycle and meeting costs time (T4). Team 3 explained it
is “pointless” to write ‘good’ USs (meaning without violations), if you need to
have a bunch of conversations about them to make sure everyone understands
what they mean (T3). Another motivation for including solutions is the lack of
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experience of team members (T2). All teams continued to specify (technical)
solutions after the intervention. Examples are specifying which modules and
APIs to use or specific fields to filter on, e.g.: “As a [role], I want [module] to
use [API] to support [event]” and “As a [role], I want [object ID] to be available
on [specific page]”.

Including specific stakeholders as a role can be difficult (P7/N7), when the
team mostly focuses on the back-end of a system (T4) or when the team rec-
ognizes it is something that “just needs to be done” (T2). In some cases, they
need to search for a user and at that point, they include the system, because it
is easier for the team members to understand the need that way (T4).

Bugs are often issues encountered by the business, so in order to relate their
planning to their stakeholders’ needs, teams write bug fixes (N4) in US format
(T4). If possible, they would like to see a different template for different topics,
such as a bug fix and performance template (T4). Team 2 somewhat agrees,
describing that they understand that bug fixes do not belong in USs, but they
think maintenance tasks do belong, since they are part of the US lifecycle man-
agement (T2). Non-functional requirements (NFRs) (N§) are included in USs
if team members lack experience and are at risk of not considering them while
fulfilling the USs or simply because NFRs can constrain USs (T2). T3 takes a
more practical approach: if not in the USs, where do you document maintenance
tasks and NFRs? They consider these artifacts necessary building blocks for a
US. A solution for them could be an NFR template (T3). Teams 1, 3 and 4
included NFRs in US templates after the intervention, for instance: “As a [role],
I want the status of [module] to be clearer, so that it is easier to interpret.”

Not referring to other USs (N6) seems counterintuitive to the teams, as this
can often save them time (T1/T2). Other USs can sometimes include information
they need for their own work or their USs are dependent on those of other teams
(T1/T2). In some cases, there is a ‘big’ US that various teams divide into USs
they can work on, but most information, such as objectives, are included in the
‘big’ US (T1). Both teams still employ this practice after the intervention.

5. Was any information new to you? Two teams (T3/T4) were unaware
that NFRs should not be formulated as USs. Team 4 asked when non-functional
becomes functional and how to address this. Team 3 did not know technical
solutions should not be included.

6. Would you recommend the guidelines to anyone else? All four teams
stated they would recommend the guidelines to others, and one team had already
shared them with a team not included in this study (T2). Two teams explained
that a standard across the organization would be beneficial, since they sometimes
need to collaborate or are dependent on other teams; “it would be nice to work
with USs that you did not write, but that are still well written” (T1/T3). Notably,
both of these teams showed improvement in all four criteria, while the other two
did not.

7. Additional feedback Team 1 considers the do’s more useful for beginners
and don’ts more useful if you already have experience with writing USs. They
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can help to identify and change ‘bad habits’ (T1). Additional guidelines were
also requested, for instance for test cases (T4) and acceptance criteria (T3/T4).
How can you describe acceptance criteria well and make them ‘SMART’ (T3)?
Team 4 thinks LLMs can save time and effort in requirements refinement, for
instance by using these guidelines as restrictions for prompts and assessing the
USs on the QUS criteria.

5 Discussion

We discuss the threats to validity using the five quality criteria for CAR as
recommended by SIGSOFT: reflexivity, credibility, resonance, usefulness and
transferability [1].

Reflexivity The four included criteria were evaluated by one researcher, dis-
cussing unclear cases with a second researcher. However, guidelines and instruc-
tions were created beforehand and applied to all USs and the selected criteria
are mostly objective. Previous work has shown that well-formed and atomic vio-
lations can be reliably assessed [27] and the researchers have been familiar with
QUS since its publication, with the second author being a co-author of QUS.

Credibility The guidelines served a particular goal, so it is not unreasonable
to assume the participating teams predicted what they would be assessed on
in this study. To get better results, they may have put in extra effort beyond
what they would do in a non-study related setting or used external sources and
support. However, this seems unlikely, as the interviewees did not mention using
anything but their experience and the guidelines. Furthermore, they were in no
way incentivized to perform better, other than their intrinsic motivation, since
results were anonymized and there were no rewards. In addition, we also analyzed
lasting effects by assessing their USs again, after the intervention phase ended.
We triangulated results by using both quantitative and qualitative findings.
Teams may have improved over time regardless of the intervention. POs
and SMs might have paid more attention to US quality, since they were made
aware of it, but not necessarily due to applying the guidelines. In an attempt to
mitigate this threat, we informed the participating teams that certain errors were
made by teams within the organization, but did not tell them which teams made
which errors. Therefore, they were unable to focus on specific quality criteria.
We also held no authority over any of the participating teams and we did not
enforce any of the guidelines throughout the study. The participants were also
not informed of which guideline related to which criterion, so they were unable
to target a specific ‘weakness’ in their work. In addition, by sheer chance it
is easier for teams to improve on quality criteria with many violations in the
baseline assessment. Changes among the team members were also not taken into
account, however, the POs and SMs remained the same throughout the study.
CAR often prescribes multiple process cycles and while a single cycle is not
unsound, it is rare [6]. We decided to perform one cycle for two reasons. First,
it would have been difficult to mitigate the maturity effect; the USs contained
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fewer violations after the intervention phase, in most cases. Second, participants
explicitly stated they did not agree with some of the guidelines, so they will
not be using them in the future. Arguments include that they think it takes
too much time or makes their process more complex than needed. It would
be unethical to ‘force’ them to continue using guidelines they do not perceive as
beneficial. Especially when the intervention is aimed at supporting these industry
participants (CAR-ii).

Resonance In order to obtain a genuine account of their experience, we did
not share the quantitative results with the teams in the post-intervention inter-
views. Nevertheless, our revised guidelines (see next section) are based on their
feedback.

Usefulness In our future research directions (Section 6.2), we provide recom-
mendations to both researchers and practitioners based on our findings.

Transferability The participating teams were selected through convenience
sampling; only teams that participated in our previous case study were asked
to participate in this study. While we cannot be sure whether these results are
generalizable to other teams and organizations, the participating teams used
popular methods (Scrum) and requirements practices (USs).

6 Conclusion

We draw conclusions on the effectiveness of the intervention per QUS criterion
assessed in this study, combining qualitative and quantitative findings. We then
present a reformulation of three guidelines based on the feedback provided by
the participants, general conclusions, and end with directions for the future.

Well-formed One team specifically mentioned focusing on using function titles
as roles (P7), rather than the system or application they work on (N7). After
the intervention, the system was used as a role only once, while before this was
the rule and using function titles was the exception. The number of violations
decreased after the intervention; however, there were few well-formed violations
to begin with.

Atomic Two teams considered “specify a desire for exactly one functionality”
(P3) one of the most useful guidelines and both these teams reduced their num-
ber of atomic violations during the use of the intervention. In general, it seems
that the intervention was effective in reducing these violations, as the share of
atomic violations decreased by seven percent points during the intervention and
by five percent points after the intervention.

Minimal Three teams found not including unnecessary information (N3) one
of the most useful guidelines, but only one of them was successful in reducing
their minimal violations. The number of minimal violations dropped by one
percent point during the use of the intervention, but increased after. A possible
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explanation is that the participants disagreed with the guidelines that stated not
to specify technical solutions and refer to other USs or documents. During the
interviews, the interviewees said that the former ensures all the team members
are on the same page, especially when working with external team members
that may work asynchronously. The latter is counterintuitive for them, since
referring to other USs makes dependencies explicit. In other words, they may
have a different view of what is ‘unnecessary’.

Full sentence This criterion was rarely violated, but the share of full sentence
violations increased during the use of the intervention and decreased afterward.
It is unsure how effective the guidelines were in this case. During the interviews,
one team stated that they worked on writing in one language (P6) and were
successful in this endeavor.

Expressing maintenance tasks, (technical) solutions and non-functional require-
ments in USs are points of contention between research and industry. First, the
practitioners argue that maintenance tasks are part of the product’s lifecycle and
should therefore be included in fn USs, as they express functional requirements.
Second, including (technical) solutions is meant to save time, as this ensures
all team members know what to do at any time. Third, non-functional require-
ments are mentioned in USs, because they should be considered while fulfilling
other USs (e.g., they can constrain other (functional) requirements) and because
practitioners are unsure how else they can be specified.

All in all, the participating teams would recommend using the guidelines to
other teams. They would also benefit from this, as USs they are dependent on
are sometimes of poor quality and difficult to work with.

6.1 Reformulation of guidelines

The CAR principles [6] recommend reflecting on the results and taking these
into account for continuation of the project at hand. Therefore, we propose
a reformulation of three guidelines. In summary, participants mainly provided
compelling arguments against the formulation of guidelines N1, N4 and NG6.
Based on their feedback, we have reformulated these guidelines as presented
in Table 1 below; to make them less restrictive and more pragmatic (CAR-v).
The changes are italicized (note that the guidelines are still concerned with the
writing of a single US):

— N1: Specify the (technical) solution in the user story template;
— N4: Force tasks (e.g. bug fixes, administrative work) in user stories;
— NG6: Refer to other user stories, unless including their IDs, or documents.

6.2 Future directions

The participants stated that they believe other teams could benefit from using
the intervention, therefore an obvious next step would be to share the guidelines
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with other Agile teams within the organization as well. However, since partici-
pants also criticized some of the guidelines, the intervention could benefit from
a second iteration; making improvements based on empirical findings. We have
made a first proposal by reformulating the contentious guidelines in Section 6.1.
During the interviews, participants also stated they would appreciate support
regarding the definition of NFRs (possibly through a template), how to docu-
ment maintenance tasks, as well as guidelines for writing high quality acceptance
criteria and test cases.

On more than one occasion, the participants explicitly disagreed with a guide-
line and did not consider using it beneficial. These guidelines, however, are all
based on quality criteria from the QUS framework, which has remained largely
unchallenged by industry due to its limited testing in practice. Our study shows
that situational guidelines are needed, as QUS (and other frameworks) are not
one-size-fits-all solutions. CAR and other empirical studies are important for
identifying the needs for such more specific approaches for evolving frameworks
like QUS. In short, research would benefit from evaluating new tools, methods
and applications with their envisioned end-users in a real-world setting, to ensure
they are suitable for use by practitioners.
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