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A B S T R A C T

Context: Agile software companies applying the DevOps approach require collaboration and information
sharing between practitioners in various roles to produce value. Adopting new development practices affects
how practitioners collaborate, requiring companies to form a closer connection between business strategy and
software development. However, the types of information management, sales, and development needed to
plan, evaluate features, and reconcile their expectations with each other need to be clarified.
Objective: To support practitioners in collaborating and realizing changes to their practices, we investigated
what information is needed and how it should be represented to support different stakeholders in their tasks.
Compared to earlier research, we adopted a holistic approach – by including practitioners throughout the
development process – to better understand the information needs from a broader viewpoint.
Method: We conducted six workshops and 12 semi-structured interviews at three Finnish small and medium-
sized enterprises from different software domains. Thematic analysis was used to identify information-related
issues and information and visualization needs for daily tasks. Three themes were constructed as the result of
our analysis.
Results: Visual information representation catalyzes stakeholder discussion, and supporting information ex-
change between stakeholder groups is vital for efficient collaboration in software product development.
Additionally, user-centric data collection practices are needed to understand how software products are used
and to support practitioners’ daily information needs. We also found that a passive way of representing
information, such as a dashboard that would disturb practitioners only when attention is needed, was preferred
for daily information needs.
Conclusion: The software engineering community should consider reviewing the information needs of practi-
tioners from a more holistic view to better understand how tooling support can benefit information exchange
between stakeholder groups when making product development decisions and how those tools should be built
to accommodate different stakeholder views.
. Introduction

Software companies are redefining how they conduct business by
ccelerating their development processes [1] and shifting toward prac-
ices that enable rapid and continuous software delivery. Transitioning
rom traditional agile software development toward continuous prac-
ices, such as DevOps [2], affects how software teams collaborate [3].
uch transformations can enhance communication and collaboration by
reaking down the barriers between organizational departments [4],
hich requires a closer connection between business strategy and

oftware development [5,6]. Recent research has shown that software
ipelines can be considered to extend beyond individual departments
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to client organizations [7], requiring further inquiries into the ex-
panding perspectives of software development. However, the type of
information executives need for the planning and evaluation of features
and for determining how sales and marketing should reconcile their
expectations with development are unclear [5].

Information representation and visualization techniques provide
value for agile software development teams by facilitating knowledge
sharing and awareness regarding the development process [8], as coor-
dination between stakeholders affects both productivity and software
failure [9]. Burn-down charts and task boards are commonly used
to maintain awareness and track progress in agile software develop-
ment [8]. Although contemporary software development approaches
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concern various tasks and stakeholders, software visualization research
predominantly targets developers with source code information [10]
and primarily concerns software structure, behavior, and evolution [10,
11]. An example of software evolution is how the system changes
in terms of bugs discovered and how new requirements modify the
system [11]. Despite modern software processes producing increasing
amounts of data, communicating their meaning to relevant stakehold-
ers in software companies – including those actively participating in
developing or procuring software – remains challenging. To support the
software engineering community, we adopted a more holistic approach,
targeting practitioners throughout the development process, including
practitioners not directly related to producing software.

This article investigates what information is needed to support
different software practitioners in their tasks and how that information
should be represented. We conducted our study in three Finnish small
and medium-sized enterprises (SMEs) in the software domain, focusing
on the following research question: What kind of information is needed
to support different practitioners in software development? We organized
three workshops (one per participating company) to explore the com-
pany use cases, interviewed 12 practitioners from the three companies,
and organized three additional workshops to validate our results based
on the companies’ feedback. Moreover, we asked practitioners about
their roles and tasks and their information and visualization needs
regarding their daily tasks.

Based on the workshop and interview results, we found that visual
information representation catalyzes discussion between stakeholder
groups. However, support for facilitating the information exchange be-
tween stakeholder groups in software product development is needed.
An interesting observation is that practitioners preferred dashboards
with a minimal representation of information to address their daily
information needs. Furthermore, we found that a mechanism is needed
to understand software product usage in customer organizations. These
results have implications for the types of views practitioners need to
support their tasks, what information those views should convey, how
the information should be represented, and what this means for data
collection.

The remainder of this article is structured as follows. First, Section 2
introduces the background and related work on the information and vi-
sualization needs for agile software development. Section 3 introduces
our research question and describes the methodology we utilized to
answer it. Section 4 presents the results from the conducted workshops
and semi-structured interviews. Section 5 discusses the findings we
consider most relevant to the software engineering community and the
detailed results with regard to related works. In addition, Section 5
presents the implications of our findings, along with the limitations and
validity threats of this study and directions for future research. Finally,
Section 6 presents our conclusions.

2. Background and related work

Our approach presumes that software development information and
information representation needs exist beyond the practitioners directly
involved with the software or source code. For this reason, we di-
rected our focus to tailoring information and visualizations to different
needs. Despite approaching these topics from a software engineering
viewpoint, we explored these issues through the lens of agile software
development, as the participating companies in this study employed
agile for product management and actual development.

Regarding terminology, stakeholders are entities such as employ-
ees, financiers, customers, and communities [12]. We use the term
‘‘stakeholder’’ when discussing entities more broadly, including those
outside individual companies, and the term ‘‘practitioner’’ when ex-
plicitly discussing company employees in general, including managers.
Furthermore, we consider graphical visualizations as just one way,
albeit the most common one, of representing information. Information
is an abstract concept that can be difficult to define precisely. In
2

the context of this article, we approach information from a software
visualization viewpoint. From that perspective, information can be
considered data [13] or data sources that are utilized by tools [14,
15], making it a target of representation. Information representation
in software visualization refers to how information is presented to
different stakeholders and consists of aspects such as form, type of
view, and techniques [14]. A concrete example of information and its
representation is a failed test suite, which provides information that the
test failed and that a bug likely needs to be addressed, represented by
a bright red circle. The source of this information, or data, would be
a software testing tool or framework. Lastly, documents and software
components are examples of information artifacts.

2.1. Roles in agile software development

The Agile manifesto promotes self-organizing teams and adjusting
development practices periodically over time [16]. The definitions of
roles in agile development have been based on what kind of devel-
opment is done [17,18], such as feature-driven development [19],
eXtreme programming [20], or Scrum [21], or through scaling frame-
works for larger settings [22], such as the Scaled agile framework
(SAFe) [23] and Large-Scale Scrum (LeSS) [24], which have more
well-defined practices and role descriptions. For reference, Scrum –
one of the most popular development methods [25] – features some
pre-described roles, such as product owner, scrum master, and team
member. Smaller organizations tend to mix responsibilities with fewer
roles overall compared to larger organizations with a wider pool of
different roles [17]; however, regardless of the selected approach, agile
teams tailor their roles to suit their own needs [26]. The distinctions
between team and leadership roles can often be blurred [27], and
practitioners may play more informal, self-organized roles along with
their organizational roles [28].

The concept of roles is still quite abstract within traditional software
engineering, where roles are applied in a vague manner to solve specific
tasks or aspects of engineering [29,30]. In this paper, when we refer
to software development, we consider agile development practices to
be the standard, unless otherwise specified. In addition, due to the
informality of roles in agile development, we focus on practitioners’
tasks rather than on static descriptions of roles.

2.2. Information needs in agile software development

At its core, software development is a knowledge-intensive pro-
cess that requires collaboration to produce software artifacts [31].
The amount of information available and used by software develop-
ers in their daily activities has been steadily increasing during the
last two decades, along with the research interest in mapping devel-
oper information needs [32]. Despite the increased research interest,
the information needs of various practitioners participating in the
development of software are not yet fully understood.

Agile teams have a strong focus on face-to-face communication [33]
and a strong reliance on tacit knowledge [34], which are exchanged
through conversation. Studies have shown that developers communi-
cate both know-what and know-how information face-to-face, often in
sessions, such as code reviews [35,36]. Information related to team
problems is central to software project success, and these problems can
be avoided with proper feedback [37]; however, practitioners spend
extra time communicating with each other due to the missing depen-
dencies of information artifacts [38] and being aware of coworkers’
tasks [39,40]. Despite allowing for a more direct exchange of informa-
tion, face-to-face collaboration may delay answers to questions related
to needed topics, such as software behavior, design questions, and bug
reproduction steps, as they require communication with others [39].

The information needs of developers have garnered increased re-
search interest over the years compared to other roles. Studies have
shown the importance of product architecture and design, requirement
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Fig. 1. An example screenshot of how the open-source tool Roadmapper represents information. The figure depicts how information concerning dependencies and synergies
between features can be represented to consider them for development. The rectangles with textual descriptions represent features. Each feature has been assigned a value and
complexity score, depicted by the icons in that order. Grouped features indicate synergy advantages gained from completing the features simultaneously. The lines represent
technical dependencies, indicating that one feature must be completed before another.
collection [41], reachability within software execution [42], and the
software team’s confidence in delivering software to clients [43]. Other
studies have shown that developers frequently require information
related to their coworkers, tasks, and software artifacts; [39] features,
products, and components have been shown to be the most important
artifacts [44]. As an illustrative example of supporting information
needs, Fig. 1 depicts how information to support product develop-
ment decision making can be represented. The example includes in-
formation such as features, their value, implementation complexity,
synergy advantages for implementing features together, and technical
dependencies between features.

Regarding specific information needs, context is key, as the needs
may vary greatly depending on domain, task, project, and other fac-
tors. Discovering practitioners’ information needs is not straightforward
because needs may change with performed activities [44,45]. One
example is bug tracking, for which practitioners need different types
of information depending on a bug’s life cycle [45]. Tools, such as
PRIME [46], have been proposed to map practitioner information
needs, but few studies have proposed solutions encompassing prac-
titioners’ information needs regarding software development. Studies
related to information needs often have a narrow scope and focus
on informational content (the specific information practitioners need
regarding a topic or activity). However, research on identifying and
operationalizing the different drivers of knowledge sharing for software
development – factors that affect information exchange – is still in its
infancy [47].

2.3. Tailored software visualization

Software visualization refers to the mapping of software artifacts
to graphical representations [48] and facilitates the effective use and
understanding of computer software [49]. Agile teams use visualiza-
tions for design, development, communication, and progress track-
ing [8], and in the context of software engineering, they use visualiza-
tion aids to analyze and understand various structures through visual
means [50]. Contemporary software visualizations primarily support
tasks that involve the design, implementation, and maintenance of
software systems [11] and mainly target software developers with
source code information [10,11]. Research on these types of visual-
izations mainly focuses on the structure, behavior, and evolution of
software [10,11,51].

Visualization frameworks (e.g. [14,15]) cover several aspects, such
as tasks, why the visualization is needed, who will use it, what data
3

are needed, and how information should be presented. Therefore, a
key issue in software visualization lies within design and validation.
Visualizations may often lack a clear focus on specific engineering
tasks [52], even though software visualizations generally target specific
tasks in their validation [53]. Moreover, software visualizations rarely
include strong validation [54], especially with real users. Previous
studies have examined whether visualizations target the generic ideas
of practitioners rather than their specific roles that exist in the real
world [11,55]. A deeper understanding of practitioner usage scenar-
ios could lead to improved practices [54]; however, more research
is needed to understand why specific visualizations are effective for
certain practitioners and tasks [56].

Recently, there has been increasing interest in tailoring informa-
tion and document representation to suit practitioner-specific needs.
Software requirement specification related studies [57–59] have dis-
cussed the problem of varying practitioner information needs and have
highlighted the need to further understand the needs for tailored infor-
mation representation. For example, developers and managers require
different information accompanied by tailored representation to suit
their needs [44]. Tailored information representation has been shown
to improve software managers’ decision making regarding technol-
ogy appropriateness [60], for example; however, contemporary visual-
izations are often created from specific, pre-determined perspectives.
Recent studies have suggested solutions, such as unified views [61]
or domain specific languages [62,63], that show promise in allowing
practitioners to create visualizations that match their specific needs.

In summary, the related research to date has tended to focus on
source code-related information and visualizations, catering largely
to software developers attempting to understand software artifacts.
Software development is a knowledge-intensive process that requires
collaboration between practitioners to produce software artifacts. To
collaborate, practitioners, including those not directly working with
source code, require need-specific information about the software de-
velopment process, though from different perspectives. Few previ-
ous works discuss both the information and visualization needs of
practitioners in relation to software development. What information
do practitioners need, and how should it be presented to them? To
answer these questions, we aimed to help bridge the gap between
stakeholder-specific information needs and visualization in software
engineering.
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Table 1
Overview of the characteristics of the companies that participated in this study.

Company Domain Personnel

C1 Analytics, information management 50
C2 Robotic software testing 120
C3 Development, service design, consulting, and software

products
470

3. Research methodology

The aim of this study was to obtain an in-depth understanding
of the types of information and visualization needs different software
development practitioners have and how the needs can be effectively
met. To this end, the following research question was chosen: What kind
of information is needed to support different practitioners during software
development? To answer our research question, we chose a qualita-
tive research approach combining workshops, semi-structured inter-
views [64], and a thematic analysis [65]. We conducted six workshops
and 12 semi-structured interviews in 2019 and 2020.

3.1. Planning and company selection

This study was conducted as an industry–academy collaboration in
the context of the ITEA3 VISDOM1 research consortium. The research
consortium provided an opportunity for a long-term and in-depth col-
laboration with relevant companies, which facilitated the collection of
high-quality data. The three companies that participated in this study
were partners of VISDOM, and each developed commercial software
products and offered consulting services. The companies varied in
different aspects, such as domain and size, and their characteristics are
listed in Table 1.

Despite differences in size and domain, the participating companies
shared the well-aligned goal of improving their visualization capa-
bilities under the research consortium. The selection of companies
represents typical SMEs in the Finnish software development indus-
try. This heterogeneous selection of practitioners, including those not
directly associated with software development tasks, provided good
participants for this study.

3.2. Data collection

The research process (Fig. 2) included three main phases: (1) indus-
try partner use case exploration and definition workshops; (2) primary
data collection and analysis with 12 semi-structured interviews (four
per company) and a validation of the results of the three workshops
(one per company), during which the initial results were summarized
and presented; and (3) thematic analysis and synthesis of the data to
obtain further insights.

The data collection process began with a use case workshop with
each company (Fig. 2, Phase 1). The first research phase aimed to
explore and refine the concepts of what each company wanted to
achieve within the project and what their needs were concerning infor-
mation presentation and visualization. The companies all had their own
use cases within the project for modern DevOps development-related
visualizations, as the research consortium’s goal was to implement new
visualizations and dashboards related to these use cases. The workshops
were recorded, and the participating researchers took notes during the
events. At least three researchers were present at each workshop; one
researcher acted as a facilitator for the discussion, while the others
focused on taking notes. The workshops included round-table discus-
sions on the company’s use case, and all participants were encouraged
to provide feedback from their own perspectives. Each workshop also

1 https://itea3.org/project/visdom.html.
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included a drawing session, where mockups of the proposed dashboards
were drawn to elicit comments and ideas (see Fig. 3 for an example).
The results of the drawing sessions were photographed as additional
data points, and the workshops were recorded but not transcribed.
Researchers then summarized the workshop sessions as preliminary
analyses of the company use cases. After discussing the preliminary
results and feedback with the companies, a summary use case document
was provided to each company. The use case documents outlined how
each company took part in the larger scheme of the multi-national
project, their current problems, and their needs.

In Phase 2, we interviewed four practitioners from each company,
comprising 12 interviewees. The second phase aimed to provide the
participating companies with a more objective starting point for their
tasks within the project by collecting and preliminarily analyzing data
on the challenges and needs of each company. The interviews were
carried out between November 2019 and February 2020. Our sampling
strategy for informants was a combination of convenience sampling and
maximum variance sampling [66] within the companies participating
in the study. The researchers did not influence subject selection with
the exception of requesting participants with varying roles; thus, the
interviewees were selected by the companies based on their relevance
to their use case and availability. The interviewees represented a wide
range of roles, such as software developers, software architects, product
owners, consultants, and executives. Each semi-structured interview
included open-ended questions and followed a commonly agreed upon
interview protocol with the following structure:

• Background information: name, position, work experience, and
role;

• Description of the use case from the interviewees’ perspectives;
• Interviewees’ roles in the use case;
• Interviewees’ typical tasks in the use case;
• Information that the interviewees needed to perform the previ-

ously mentioned tasks;
• How interviewees visualize the previously mentioned informa-

tion;
• Whether the interviewees could identify other information needs

that would benefit them in their work; and
• Whether the interviewees had anything else they would like to

discuss or any other remarks they would like to make.

The interview template’s outline, including the use case descrip-
tion from the previous phase, was sent before the interviews so that
the interviewees could familiarize themselves with the material. The
interviews were organized within company premises when possible,
lasted one hour on average, and were recorded with informed con-
sent. Two researchers were present for each interview. One researcher
acted as the main interviewer and asked follow-up questions based
on the interviewees’ answers, and the second researcher took notes
and asked clarifying questions when needed. The recordings were then
transcribed using professional transcription services. The transcripts
were then sent to the interviewees in case they wanted something
redacted or corrected. Both the transcripts and interview notes were
used as data sources for this study; however, one of the interviews
was not successfully recorded due to a human error in operating the
recording equipment, and only the notes from the interview were
included in the analysis.

One researcher performed a preliminary analysis based on the in-
terview transcripts and created a summary of the results for each
company. The summaries, documented in the form of PowerPoint2

slides, were presented to the companies during the second workshop
with the intention of reporting and discussing preliminary findings,
validating them with participants, and collecting feedback. The second
workshops featured the same participants, when available, as the first
ones and were recorded with informed consent but not transcribed.

2 https://www.microsoft.com/en-us/microsoft-365/powerpoint.

https://itea3.org/project/visdom.html
https://www.microsoft.com/en-us/microsoft-365/powerpoint
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Fig. 2. The research process consisted of three phases: (1) use case exploration workshops, (2) semi-structured interviews, and (3) result-validating workshops and synthesis of
the results.

Fig. 3. A typical workshop drawing session result drawn by researchers to facilitate discussions with the participants.



Information and Software Technology 162 (2023) 107265H. Bomström et al.

s

t
p
a

w
a
a
c

e
a

3.3. Data analysis

A thematic analysis – searching across a dataset to find repeated
patterns of meaning [65] – was used to analyze the collected data
in Phase 3. The third research phase aimed to analyze the collected
data further and distil the findings for both practitioners and academic
audiences. Our approach to the analysis was two-fold. A theoretical
approach guided by an analytic interest in the research area was used
to categorize segments of text based on our research aims. This was
followed by an inductive step of data-driven coding to theorize about
the patterns within each category and to determine their significance
and broader implications.

Three researchers took part in the theoretical analysis. The tran-
scripts were coded using NVivo3 software into predefined categories:
(1) self-described roles, experience, tasks, and related stakeholders; (2)
information needs; and (3) visualization needs. This phase aimed to
ensure a consensus on the relevant coded sections for each interview,
even though this was not a thematic analysis per se. Each of the three
researchers was assigned two-thirds of the collected data, meaning
that at least two researchers coded each transcript. Afterwards, coding
conflicts were resolved via a round-table discussion. NVivo’s interrater
statistics (percentage agreement and Cohen’s Kappa [67] value) were
used to discuss the most conflicting codes.

After that, one researcher conducted a (reflexive) thematic analy-
sis [65,68] of the data from the previous group coding. As for philo-
sophical assumptions, we based our analysis on an interpretive world
view [69]. The analysis consisted of six nominal steps [68], which were
iterated several times to reflect on the created codes and themes. Step 1,
data familiarization, was already well-covered in the previous analysis,
as the researchers had read the material several times. Step 2, data
coding, began with semantic coding at the surface level, for example,
concretely and explicitly requested information or visualizations. The
codes were later iterated during the analysis and refined to uncover
the latent meaning of each code. Latent coding represents what the
interviewees meant instead of what they described word for word. For
example, when specific alerts were described verbally, the descriptions
were analyzed into themes dealing with attention (Fig. 4, T2). The
central concept was interpreted to be about directing personal attention
to where and when it mattered the most, cutting down on aspects that
require attention.

Eight initial themes were generated in Step 3 (generating initial
themes): management, roadmapping, development, user experience, busi-
ness, connections, monitoring, and clients. Steps 4 (developing and re-
viewing themes) and 5 (refining, defining, and naming themes) rep-
resented an iterative process of writing and refining in our analysis.
In Step 4, the fit of the initial codes to the data was assessed, and it
was decided that further analysis was required to capture the meaning
behind the codes instead of reporting only surface-level findings. In
Step 5, the themes were re-examined and condensed to tell a com-
pelling story. The essence and implications of each code were refined
with the aim of capturing the one central point for each theme. The
analysis researcher presented the themes to the other researchers for
discussion and refinement. In the end, three main themes remained:
product roadmapping (T1), directing attention (T2), and product usage
(T3). The resulting thematic map is presented in Section 4, Fig. 4.
Step 6, writing, was conducted throughout the process with the aim
of telling a compelling story, which helped refine the themes as a
reflective process.

3 https://www.qsrinternational.com/nvivo-qualitative-data-analysis-
oftware/home.
6

t

Table 2
Overview of the self-described roles by the twelve participants of this study. Note that
UI refers to user interface.

Company Informant Role

C1 P1 Chief operating officer
P2 Product owner, UI designer, consultant
P3 Testing manager
P4 Principal consultant, product development leader, team

leader
C2 P5 Delivery manager

P6 Product development leader, product owner
P7 Senior developer
P8 Software architect

C3 P9 Product conceptualizer, product owner
P10 Product development manager
P11 Customer experience manager
P12 Software developer, software architect

4. Results and analysis

Twelve practitioners from three companies in different domains
(Table 1) were interviewed for this study. Table 2 presents a summary
of the interviewees’ self-described roles. The described roles included
one executive as chief operating officer, eight managers (three of them
product owners), two software architects, and one senior developer. Six
of the interviewees (P1, P2, P4, P8, P9, P10) described having multiple
primary tasks or responsibilities or described their own role broadly or
non-specifically, an example being:

I’m a kind of mixed worker, but I’m responsible for product de-
velopment, production environment, or overall, these environments
running in the cloud. (P10)

Interviewees in mixed roles mentioned issues with processing infor-
mation caused by multiple roles. However, these interviewees were a
minority in the sample. Performing tasks in multiple domains, such as
development and business, could lead to issues with information, such
as:

You could easily drift to the other role at that time if you see
information that does not belong to this role. (P2)

The tasks were described in different levels of detail, some being
relatively abstract. The tasks were divided into five categories based
on their similarities: management tasks, software business tasks, soft-
ware development tasks, product roadmapping tasks, and client-related
tasks. Next, examples are given of each category.

Management tasks were performed by nine participants. These
asks encompassed decision-making tasks and responsibilities for as-
ects of development. There were also concrete tasks, such as release
nd sprint planning, backlog management, and workload estimations:

In practice, I make the decisions on what deployments we do and
when we do them with what content. (P5)

Business tasks were performed by three participants. These tasks
ere related to software business decision making, resourcing projects
nd other ventures, sales, marketing tasks, sub-contractor management,
nd numerically tracking development. Business-related tasks were also
arried out in relation to development and roadmapping:

Company strategy related things how, our software product should
be developed so that it specifically supports our business ideas. (P8)

Development tasks were conducted by six participants. These tasks
ncompassed topics that were related to producing concrete software
rtifacts, including development, testing, design, and documentation
asks. An example is as follows:

https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home
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Fig. 4. A thematic map regarding information and visualization needs. Themes (T1, T2, T3) are presented as the rectangles with rounded corners, while individual codes are
epresented in the outermost rectangles. Each code is accompanied by a quotation that exemplifies the code, followed by parentheses that describe which participants (Table 2)
ere connected to each code. The lines represent connections between themes and individual codes.
c
p

I’m at the moment handling most of the UI work, so whatever, our
main product, which is [redacted], so what you see in your browser
is, most of it, is done by me. (P7)

Roadmapping tasks – long-term planning of upcoming product
evelopment content, stages, and steps based on the strategic goals of
he company – were done by nine participants. These tasks were related
o managing feature requests, client feedback, and development ideas
o provide material for long-term planning. An example is:

Which details should be thought of. Is that possible at all, for XYZ
reasons. And, from that, a kind of roadmap is created that is based
on the product and what kind of stage, what kind of pieces. (P6)

Requests and feedback were collected from multiple sources, such
s emails, phone calls, discussions, internal ideas, and direct requests.
hen, the requests were formulated into actionable development items,
eneralized to serve the product instead of individual clients, queried
or missing information, and translated to information repositories,
uch as Trello.4 The features were then estimated based on their
orkload or desirability from a business angle and prioritized, both

nternally and with clients, to select the next items for development.
n example is as follows:

We must, of course, evaluate the client, the problem, and then how
much time does it take. These go into what order they are done and
whether they are even fixed. (P10)

Client tasks were performed by six participants. These tasks in-
luded product promotions; visits with clients and events; and meet-
ng, discussing, helping, training, and supporting clients in various
ituations. An example is as follows:

My job is to organize that the client is satisfied and the job gets
done. I also do presence support, meaning that I promote our tool
to clients. (P5)

.1. Information and visualization needs

The results of the thematic analysis on information and visualiza-
ion needs (Fig. 4) were condensed into three main themes: product
oadmapping (T1), directing attention (T2), and product usage (T3).

4 https://trello.com/.
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4.1.1. Product roadmapping (T1)
Product roadmapping (T1) – which was comprised of the three

odes value creation through features (C1), roadmap as a communication
oint (C2), and internal release planning (C3) – relates to both short-

and long-term planning of software products, representing a point of
convergence for different stakeholder groups’ information needs. The
main takeaway from this theme is that support is needed to facilitate
information exchange between stakeholder groups. This support must
be implemented so that information representation supports the tasks
of each stakeholder, calling for tailored views. We found two levels
of communicating information between stakeholder groups in software
product roadmapping: a high-level view (C1, C2), represented as a
software product roadmap that communicates how the product is being
developed in terms of features, and a low-level view (C3), depicted as
a release plan with milestones and tickets that communicates what is
happening in terms of practical development.

Value creation through features (C1) revolves around selecting
product features to create optimal value with software product devel-
opment. The issue with selecting features in software product roadmap-
ping manifested as unsystematic management of customer feedback
and requests, a somewhat ad-hoc process of collecting and evaluating
feature candidates and customer feedback while attempting to com-
municate between different departments and stakeholders (sales, de-
velopment, and customers). Several viewpoints are needed to evaluate
information – which is often incomplete or only based on estimations –
so that product development yields optimal value and retains coherency
with company strategy. However, to do so, the requests and feedback
must be collected and processed to feature candidates, requiring similar
practices regardless of the stakeholder group. The main takeaway of
this code is that a shared view was needed to make the information
visible and to evaluate the value of features, which supports different
stakeholders discussing the value of features to decide how the product
should be developed further.

Evaluating and prioritizing feature requests were usually done by
comparing how much value would be created with said feature versus
the effort needed to develop it—or if a specific customer would leave if
the request as ignored. The synergy between requests was considered
a critical factor in deciding which features were valuable inclusions to
the software roadmap; if several different sources requested a similar
feature, a request aligned with something the company wanted to do
regardless, or a request resurfaced periodically, a generic version could
be delivered to several customers with a potentially high-value output.
An important observation here is that value could be estimated by dis-
cussing the synergy of features without accurate numerical estimations,
allowing even ambiguous data to be used as a basis for decision making
as long as the information is visible and understandable. However,
technical compatibility alone did not necessitate including said features
automatically, as each feature was judged on how it fit the company’s
internal priorities and the product’s scope:

https://trello.com/


Information and Software Technology 162 (2023) 107265H. Bomström et al.

(
t
F
m
s
b
d
a
p

w
b
l
t
H
w
s
r
m
t
f

If we could see in one place how much something has been re-
quested in the longer term and what we expect the business value
and workload to be [...] which things relate to each other when we
start implementing them [...] (P12)

Providing sufficient – and preferably structured – information to
those evaluating the requests was considered to save time. Practitioners
would not have to contact customers for additional information, which
could displease customers who had already explained the details to
someone else. Regarding the information content of feature requests,
the pieces of information needed were when the request was received,
who received it, where the request originated, what communication
medium was used, what exactly was requested (detailed description or
word for word what the customer said), why the feature was requested,
the underlying reason or problem (used to generalize the request), and
whether any actions (such as further contact) were promised by the
company:

[feature requests] can come up here and there, and we should catch
them. That’s one challenge. (P2)

The roadmap as a communication point (C2) revolves around
product development-related discussions between sales, development,
and customers. The main point of this code is that a high-level view is
needed to facilitate discussion between stakeholder groups concerning
feature-selection commitments (after feature value has been collabo-
ratively identified in C1). Once the participants can see the current
software product roadmap, they can understand the viewpoint of others
more easily, aiding discussion. The second important function of this
view is to provide an up-to-date reference for different stakeholder
groups, represented in a way that supports their tasks. Once a roadmap
is formulated, feature selection and prioritization commitments must be
communicated to synchronize stakeholder groups: which features could
be promised to customers from a sales perspective, which should be
delivered from a development perspective, and how the promised fea-
tures are progressing from a customer perspective. A concrete example
of using this information is sales events, where indicating features that
are already being considered makes them easier to promise. Likewise,
development-related stakeholders would know which features have
been promised for delivery, making it possible to consider upcoming
changes while implementing features that make changes easier. Fi-
nally, communication with customers was considered an integral part
of the overall process. The interviewees envisioned several customer-
facing visualizations to provide more structured information for all
parties involved, reducing the need for explicit communication between
stakeholder groups:

[...] the people who do sales might have a tendency to overfit the
product to client requirements [...] whoever speaks with customers,
if they could see the whole situation [...] then they could tell the
customer directly that we are not going to touch that. (P12)

The internal release planning (C3) relates to delivering the se-
lected features through releases. While software product roadmaps
often present a long-term plan for a product, a concrete short-term
release plan is also needed to communicate development aims, includ-
ing forecasting whether releases will succeed. A more low-level view
was requested in the form of a release plan, including development
tickets divided into milestones, to support and understand what is
happening in development. An essential information need concerning
release planning was how features were divided into releases or devel-
opment cycles, depending on which suited the company’s development
practices. This information was used to determine the upcoming fea-
tures for development, their completion dates, and how the current
iteration was progressing, providing an overview of the current and
upcoming development cycle. However, tracking the progress of indi-
8

vidual development items was challenging, especially regarding time
estimations, which were considered to be educated guesses more than
accurate predictions. This made is challenging to forecast the likelihood
of releases succeeding. Managers considered forecasts to be critical.
Related information, such as release volume and what kind of tickets
would be produced per cycle, was used to reflect whether releases were
likely to succeed:

Yes, so the release tickets need to be in date order. Then I need
the tickets that are going to the next release as well, how complete
they are. And what their contents are. Because then I can prepare
my own work again and start thinking about how I would go about
building these. (P3)

4.1.2. Directing attention (T2)
Directing attention (T2) revolves around proactively directing the

attention of practitioners to points of interest. The main takeaway
of this theme is that a dashboard focused on causing actions should
present information passively, capturing attention only when a reaction
is needed and presenting the alert in a way that conveys all the neces-
sary information to resolve the issue. A dashboard with minimal visual
content limited to one screen was described as the best representation
of this information by presenting as little information as possible until
attention was required. When a reaction was expected, the following
information was to be included: a description of the issue, the (root)
cause (preferably trackable via sub-metrics to software artifacts), a time
scale for the reaction, and a recommended action for what could or
should be done about the issue. These results were the most relevant
to manager-type participants who often had responsibilities over some
development areas. The following extract demonstrates the notion of
alert-based dashboard views:

But the fact that such information, which causes someone to wake
up and take action, could be found immediately without scrolling
on one screen. I think it’s imperative. (P6)

A key observation for this theme is that half of the interviewees
either wanted or described visualizations with traffic lights (green for
good, yellow for attention required, red for bad), colored up and down
arrows, or other color-based solutions to denote whether something
was ‘‘good’’ or ‘‘bad’’. Traffic light-style visualizations, perhaps coin-
cidentally, resolve an issue reported with visualization; they quickly
indicate whether tracked values are ‘‘good’’ or ‘‘bad’’ without neces-
sitating contextual knowledge to translate raw numbers into practical
meaning. Interviewees also noted that traffic light visualizations could
indicate that the individual should start focusing on specific issues.

The theme was split into two codes depending on the issue’s time
scale: issues requiring immediate attention (C4) or preventing future issues
C5). The codes express the main questions to be answered in this
heme: Is there an issue right now and Will there be an issue at this rate?
or the first question, alerts were clearly the preferred communication
ethod when information was required immediately. In the second

cenario, where attention was required later, traffic light indicators
ased on trend information was the method of choice. An important
istinction was that these lights would not be monitored constantly,
nd a decision could later be made to investigate the issue further,
ossibly using other systems with more in-depth information and data.
Issues requiring immediate attention (C4) revolve around reactions

ith short time frames. Deviations in process-related metrics should
e communicated via alerts, presented on an empty screen, for which
ower and upper thresholds should be given. When the value exceeds
hose thresholds, an alert should be generated, requiring a reaction.
owever, each alert should include contextual information to interpret
hat the alert is about, what caused it (sub-metrics), and what actions

hould be taken to resolve the issue. In addition, notifications were
equested for managing task-related information flow to prevent infor-
ation overload. In other words, task-related data should be filtered

o understand which items were pending input and attention. The
ollowing excerpts emphasize the nature of the code:
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Wake-up is the thing in my mind. I would like to know if we have
a problem and what I should do about it. (P6)
I don’t want any chart stuff, I want to see what’s on fire. (P8)

Preventing future issues (C5) relates to providing advanced warn-
ings at a glance on a dashboard. When attention is required soon
instead of immediately, the information content and the representa-
tion of issues should change but still avoid creating distractions. A
single view was proposed, including several traffic light-themed trend
indicators communicating whether the current development direction
would eventually lead to problems. If the view is all green, no attention
is required. Otherwise, a decision can be made whether to react or
not. The indicators were requested to communicate which trend was
changing, such as software quality, and the underlying reasons for the
change, such as sub-trends and metrics to software artifacts. When a
decision is made to investigate, the indicators should communicate
the issue and direct the investigator to explore or search for further
information from other sources. The following extract provides an
example of this code:

What would help my job is some kind of traffic light. Have the
clients listed, and [...] when my dashboard turns red for some client,
I could then know to study it further and drill down to data. (P11)

4.1.3. Product usage (T3)
Product usage (T3) relates to how end users use software products

and how abnormalities in software product usage can be detected. The
main takeaway from this theme is that practitioners need to understand
how a software product is used. According to the interviewees, usage
that differs from what was designed can indicate deficiencies in the
software product’s user interface (UI), allowing or resulting in end users
using the product in a way that was not intended. Usability issues and
other software product UI design deficiencies should be detected and
addressed before negative user feedback is received.

Anomalistic user behavior (C6) relates to identifying usage paths
within the UI that deviate from the designed way of using the product.
According to the interviewees, deficiencies in UI design quality may
cause unplanned usage scenarios. While most usage scenarios could
be accounted for in the design phase, evaluating each possible way of
using the product beforehand was deemed infeasible. In practice, the
only way to catch specific usability deficiencies is through negative cus-
tomer feedback, requiring a solution to catch design issues beforehand.
Discovering anomalies in software usage would allow interviewees to
address design issues and offer proactive customer support. A suggested
realistic representation of this information was paths within the prod-
uct grouped by user type with differences laid out for comparison.
Keeping track of actions taken regarding UI was also deemed helpful
for the manual testing of the software, supporting the repeatability of
exceptions when reporting them to developers:

I would want us to be able to see, in principle, all the users and
their [ways] of using [the software], and then we could find those
that use it in a totally different way. [...] These hundreds of main
users create a user with this kind of usage path, and then there is
that one user that does it completely differently. Finding that one,
the anomaly. (P10)

User interface analytics were also described as necessary to un-
derstand a product’s use. How well a product works and how users
use the product are vital to, for example, determining whether feature
additions were successfully generalized to a broader audience. Product
usage statistics could also be used to evaluate whether the inclusion of
a feature was effective in terms of additional users, and unused features
are also prime candidates for removal from the product. Examples
of needed analytics included login counts, scrolling positions from
browser windows, time spent on individual parts of the product, and
other behavioral data (e.g., how many orders were placed within the
software or incomplete orders left in the shopping cart). However, the
interviewees deemed collecting meaningful usability data an ongoing
9

challenge.
Table 3
The main results of this article and their implications categorized by themes.

Theme Finding Implication

Product
roadmapping
(T1)

Tooling support with a shared
view is needed to facilitate
information exchange between
stakeholder groups. The
information must be presented
in a way that supports their
different tasks. Furthermore,
the information has two levels
for presentation: a software
product roadmap for a
high-level view to convey
what is being discussed and a
release plan for a more
accurate view depicting what
is happening in the field.

Visual information
representation catalyzes
discussion between
stakeholders, allowing even
ambiguous information to
be used for decision
making. The collaboration
results must be
communicated and visible
to all relevant stakeholders,
each requiring a different
representation of that
information based on their
tasks.

Directing
attention
(T2)

A dashboard should present
information passively to
support daily work. When an
alert is generated, it should
communicate the necessary
information to interpret it,
including context, reaction
time scale, and required
action.

A user-focused way of
collecting, processing, and
analyzing data is needed.
Information should be
represented in a way that
guides interpretation,
instructs on how to address
the issue, and provides
means for exploring details
and context.

Product
usage (T3)

Product usage deviating from
designed usage can indicate
design deficiencies. Analytics
should catch product usage
deviations systematically to
address design flaws before
they manifest into negative
user feedback.

A mechanism is needed for
understanding software
product usage in customer
organizations. The data
collection must be
automatic and designed to
detect deviations in
product usage.

5. Discussion

5.1. RQ: What kind of information is needed to support different practition-
ers in software development?

Adopting new development practices affects how practitioners col-
laborate, requiring companies to form a closer connection between
business strategy and software development. To this end, we inves-
tigated the information needed to support different software practi-
tioners’ tasks and how it should be represented. It should be noted
that discovering information needs remains challenging, as the needs
may change with performed activities [44], which are often tied to
how teams or companies develop software. Further research is needed
to study how the results apply in general. Our study was conducted
in the context of three Finnish SMEs utilizing agile methods to de-
velop software, having either adopted DevOps practices or striving
to do so. However, practitioners with different backgrounds were se-
lected for this study to focus on discovering how different stakeholder
groups can be supported regarding information needs and represen-
tation. When combined, our results (Table 3) show that supporting
information exchange between stakeholder groups is vital for product
development, as visual information representation catalyzes discussion
between stakeholders. Furthermore, we found that information repre-
sentation requires methods to guide users in their interpretation and
allow them to explore details and context while maintaining a simpli-
fied appearance. Data collection is essential to support stakeholders, for
which more user-centered practices are needed.

T1 highlights the convergence of information needs from different
stakeholder groups in software product roadmapping. Roadmapping
is a collaborative process integrating different stakeholder groups and
their value proposals [70] to explore alternative software product
development decisions over time. In accordance with the presented

results, studies have demonstrated that connecting customer demands
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and the rapid delivery of products has been an increasing trend in
continuous software practices [5] and that establishing visibility for
feature planning can strengthen the link between development and
business decisions [6]. However, incorporating customer feedback into
development has proven challenging [71,72], and fragmented customer
knowledge is one of the main issues related to software roadmapping
activities [73], as shown in this study. To this end, our results show that
support is needed to facilitate discussions between stakeholder groups
in two related areas.

First, support is needed to collect and evaluate feature requests
and their value. We found that a shared view was needed to promote
information visibility when stakeholder groups evaluate the value of
features. This finding implies that combining information from several
sources and judging it in collaboration with several stakeholders allows
even ambiguous data to be used for product development-related deci-
sion making. A concrete example is feature synergy used as a proxy to
evaluate feature value instead of more accurate numerical information,
as cost estimations are often inaccurate. However, the reliability of the
input data is a concern, and practices for their systematic collection are
needed.

Second, support is needed to facilitate discussion between stake-
holder groups in software product roadmapping. We found that visual
information representation catalyzes discussion between stakeholders.
Furthermore, our results show that these needs manifested in two
levels. A software product roadmap was described to provide a high-
level view of the current development direction. In this regard, support
is necessary to facilitate the discussion between stakeholder groups
when making product development decisions. An essential aspect of
providing such a view is to use it as a reference for the involved
stakeholders; sales events were indicated as a concrete example. Ad-
ditionally, a lower-level view of development milestones is needed to
communicate practical development aims and statuses, including fore-
casting whether the planned releases will succeed in time. Both views
aim to lower the complexity of development decisions by aggregating
information and ensuring that each stakeholder understands the current
plan similarly. We suggest companies use their product roadmaps as
discussion points with key stakeholder groups, such as development,
sales, and customers.

The findings concerning T2 related to directing attention – with
minimal information – to where and when it matters. This can an-
swer the questions, Is there an issue right now? and Will there be an
issue at this rate? An interesting and counter-intuitive observation is
that the interviewees rejected the notion of dashboards filled with
information when considering their daily information needs. Instead, a
minimal representation of information, focusing on causing reactions,
was preferred. Our results for this theme imply that information should
be represented in a way that guides how each metric is interpreted,
instructs the user on how to address the issue raised, and provides
a means for exploring details and contextual information. However,
realizing these requirements in practice is a tremendous challenge.
Moving towards a solution, we echo Buse and Zimmermann’s [44]
call for a user-focused way of collecting, processing, and analyzing
data. Users’ tasks and issues should define what data are collected to
create solutions to their problems (instead of collecting data without
explicit purpose). These needs imply another wicked problem; users
and their tasks must be well-known to generate task-based alerts, and
the development process must be well-known and modeled to detect
trends that reliably indicate a negative turn.

Product usage (T3) relates to understanding how the deployed
software is used by detecting usability issues. One of the primary
motivations for detecting these issues was negative user feedback,
which was considered an indicator of possible design flaws. According
to the interviewees, it is infeasible to plan for each possible way that the
software product might be used before releasing it. The findings from
this theme imply that a mechanism is needed to understand software
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product usage in customer organizations. This is especially important
when the product is being sold to several customers, such as in cases of
software-as-a-service strategies, where a customer representative may
not be present for consultation. Another requirement is that the data
collection must be automatic and designed to detect end-user deviations
in product usage compared to the designated use of the software. We
recommend that further research be undertaken in the following three
areas.

First, discussion between stakeholder groups should be supported.
Visual information representation catalyzes discussion between stake-
holders, making complex topics easier to discuss. However, how a tool
should be built to support information exchange between agile software
product development stakeholder groups is still being determined.
Future research should investigate how tooling support can benefit
information exchange between stakeholder groups.

Second, value evaluation is needed in software engineering. Esti-
mating value accurately can sometimes be impossible due to imprecise
efforts and market evaluations. Feature synergy has been identified as
one of the most important factors in evaluating value without accurate
numerical estimations. Future research should investigate how synergy
between client requests and feature candidates can be used to estimate
value output for software business decisions.

Third, automated anomalous usage detection is needed. Even
though contemporary software suites often include comprehensive ana-
lytics capabilities, automatically detecting usability issues in deployed
software remains challenging. Detecting deviations in end-user paths
within UIs was identified as one of the most prevalent needs in terms
of product analytics. Future research should investigate how data
should be collected and analyzed to detect anomalous usage of software
products.

5.2. Limitations and validity

This study’s limitations and validity are discussed in terms of
Braun and Clarke’s thematic analysis [65] guidelines and Creswell and
Miller’s [74] validity in qualitative research guidelines. The partici-
pating companies decided on the number and selection of informants
for this study, representing their view of personnel dealing with the
issues determined during the first workshop with the companies. The
number of interviewees was left relatively low (n = 12), but data
saturation was reached, and little new information would have been
captured by adding more interviews. This view was supported by the
study participants when the preliminary findings were presented back
to them, and they were given a chance to add to the findings.

The reflexive analysis of collected data means that we attempted
to uncover the meaning behind the words and examples told by the
interviewees using our understanding of the companies’ work processes
and of agile software development in general. During the thematic
analysis, we first aimed for coding reliability [75] to obtain a shared
familiarity with the data, and we discussed the perceived meaning
behind the interviews at length. Digging deeper into the meaning of
the interviewees’ narratives, we then used a reflexive approach to
formulate the themes present in this study. We aimed to tackle validity
in terms of deep and rich data descriptions [74] that go beyond the
facts stated in the interviews and create an understanding of the ways
of working in agile software development. During the dissemination
of the study, we discussed the research with each other. However,
some researchers were only present for part of the interviews. To gain
perspective, the research was subjected to internal scrutiny to ensure
that the presented findings followed everyone’s understanding of the
field.

Regarding the aims of our study, the researcher lens was focused
on understanding the inner workings of agile software development
from the point of view of several internal stakeholders in companies.
Our results reflect companies brought together by the same research
project and the agile software development practices they employed. In
future work, we will determine if these conclusions can be applied to
projects using different development methods from a general software

engineering viewpoint.
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6. Conclusion

This study’s main goal was to better understand the information
needed to support different practitioners in agile software development,
for which we presented the results of six workshops and 12 semi-
structured interviews conducted with three Finnish software SMEs. The
informants in this study represented a wide range of roles in agile
software development, including practitioners not directly related to
producing software. A thematic analysis was conducted, from which
three main themes were created. Some of the results presented in
this article echo well-known findings in software engineering, such as
closing the feedback loop with customers [16]. The fact that these
findings still emerge implies that existing solutions do not solve these
issues or that companies must learn to utilize the proposed solutions in
practice.

Our results show that visual information representation catalyzes
discussion between stakeholders, indicating that supporting informa-
tion exchange between stakeholder groups is vital for product devel-
opment. This can result in numerous information needs from different
perspectives. These results contribute to identifying the types of infor-
mation executives need to plan and evaluate features and how sales and
marketing reconcile their expectations with development [5]. Further-
more, we found that dashboards that convey information passively until
a reaction is needed were preferred to support the daily information
needs of practitioners. Information in these dashboards should guide
users in interpreting each metric and allow them to explore details
and contexts while maintaining a simplified appearance. Finally, data
collection is essential to support stakeholders, and more user-centered
practices are needed for this data collection.

Although the current study is based on a relatively small sample of
participants, the findings suggest key communication points in software
processes, where practitioners with different perspectives require infor-
mation in different forms to complete their daily tasks. The software
engineering community should review the information needs of prac-
titioners from a more holistic view to represent and visualize software
processes. This especially relates to how visualizations could be made
more relevant to the day-to-day work of software professionals and how
communication could be facilitated between stakeholder groups in agile
software development. To this end, we have already begun working
toward a software roadmapping tool that facilitates communication of
different roles (Fig. 4, T2) in software engineering.
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