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Abstract—This paper describes requirements engineering
research that examines how cross-functional product teams, as a
collective, create and nurture a shared mental model that
accurately represents the external product domain and its
realities and provides the context for understanding the
requirements. In the conduct of this study, organisational factors
have been identified that support or inhibit teams from achieving
this deep collective understanding.
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I. INTRODUCTION

In the late 1990s, a “model revolution” [1] began to emerge
that took a new view on change, risk, and uncertainty. These
‘agile’ models typically embraced the possibility that
requirements could change throughout the development effort
in contrast to many earlier Software Development LifeCycles
(SDLCs) that strived to lock down requirements in the
specification and planning stages.

These new models had a greater focus on the software
development team, usually cross-functional, as a critical
success factor in delivering software. These teams often have
the necessary collection of functional expertise and capacity in
each functional area to be essentially self-sufficient. Many
software development companies have gone even further,
empowering their cross-functional teams to truly own the
product. This approach is now quite common, no longer
adopted only by industry thought-leaders. It is these
organisations and teams that are the main focus of this
research.

The rest of this paper is structured as follows. In Section II,
we outline the general problem and in Section III, the general
research question and importance. Section IV identifies the
focus of the research, who is being sampled in the study.
Section V is a summary of the literature review followed by
Section VI, where we discuss the research methodology.
Section VII briefly describes the status of the research to-date
and in Section VIII, emerging observations, which is the main
topic of this paper. Finally, Section IX offers thoughts on
future direction.

II. THE PROBLEM

While agile models improve many of the issues that were
breaking down during the crisis period, they still generally
cling to the notion that there is a customer, an authoritative
voice that the development team can interact with iteratively to
clarify requirements and validate results. However, as

software development became more product development
intended for a market, a new and critical challenge emerged for
software teams and that is how to gain a deep understanding of
the world for which their product is intended. Certainly,
techniques to ‘hear’ from the market are helpful but, as Polyani
[2] noted, market participants have tacit knowledge -- people
can know more than they can tell and they know more than can
be easily observed. This is evidenced by an all-too-common
experience when it is discovered that the so-called requirement
does not reflect an actual need but rather simply an articulation
of what someone wants -- “I know that is what I said I wanted
but that does not seem to be what I need.” -- they know more
than they can tell.

It is important that the entire team gains this deep
understanding because team members (individually, in sub-
teams, and in all functional roles) make decisions almost
continually based on their understanding of the context of the
requirements, and much of that context understanding is also
tacit.

Thus, it behooves product development teams to strive for a
deep, collective understanding of the context of their product,
that other world for which their product is intended, a shared
mental model of the supra-domain, since many design and
implementation decisions are unconsciously made within the
team’s understanding of the domain context. The success of
the team, of their product, and often of the software company
itself rests upon how well they do this. Teams do this with
varying degrees of success. Some achieve reasonable success
seemingly instinctively, while many struggle ineffectively.
Software development leaders are often able to observe this
phenomenon but have no theories that help explain why.

While labels are being used to describe what some they
think this deep understanding (grokking) of that external world
is (e.g., “empathy-driven development”), there does not appear
to be any clear definition of what it is, but rather simply labels
of what some think may be happening.

III. RESEARCH QUESTION AND IMPORTANCE

The purpose of this qualitative study is to develop a
substantive theory that answers the following research
question:

“what are the factors that support or impede multi-
disciplinary software product teams, empowered to own their
product, to collectively achieve a deep understanding of the
environment for which their product is intended?”

This theory will help industry practitioners explain why
certain prevailing techniques and empirical approaches for
understanding software solution needs are often inadequate,
why some succeed while others do not. These insights will
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offer guidance for more effective software development
approaches.

In addition to assisting practitioners in industry, this
interpretive theory aspires to illuminate areas of potential
further research. For example, how are technically-oriented
people (primarily millennials) working in teams (typically
cross-functional) and following a rational process to create
software solutions able to develop, nurture, and incorporate
'squishier' skills into a process that strives to be as rational and
deterministic as possible? Or, how does that which cannot be
easily observed nor expressed be equally understood and
preserved within a team? Or, how does empathic appreciation
of the context of a software solution translate across
individuals, organisations, business domains, cultures?

IV. FOCUS OF THE RESEARCH

As the saying goes, “a fish does not know it is in water”,
thus the intended users often cannot clearly communicate the
context in which they operate because they are trapped in that
context. Thus, it is necessary for the team to somehow become
one of the people targetted to use a software solution, and to
truly learn from that immersion. It is very difficult to be an
outsider and obtain an insider’s perspective and knowledge. It
is especially difficult for a team to do this collectively. And it
does not easily fit into established software engineering
practices nor is it well-supported by software engineers’
training.

Thus, the focus of this research is practicing software
product teams in action, specifically teams empowered to own
their product. It also examines the empirical adaptations these
teams make to established software engineering and design
practices that represent an empathic-based development
approach towards evolving an increasingly accurate
understanding of the context in which their users operate, the
supra-domain - the business needs, technology, culture, and
politics. It also examines important organisational factors that
either allow or inhibit a team’s ability to collectively grok the
domain.

V. LITERATURE REVIEW

Literature was reviewed in 3 areas - requirements
engineering (specifically elicitation), design science, and
collective sensemaking.

This inquiry may be seen as primarily placed within
software requirements engineering, specifically requirements
elicitation (attempting to obtain and understand the true needs).
We looked at all the accepted papers for the IEEE International
Requirements Engineering Conference over the past 10 years,
plus many related papers published in other publications.
There are increasingly more views being expressed about the
shortcomings of prevailing approaches to requirements
elicitation which tend to focus on techniques and methods
rather than deepening practitioner and team understanding. We
believe this is evidence that some software product
development efforts still operate in the ‘process-driven’
paradigm and are experiencing what Kuhn [1] described as the
incommensurability across paradigms. While acknowledging
that the ‘techniques and methods’ approach is entirely
appropriate in certain domains, our focus is on problem
domains that don’t lend themselves well to clear specifications.

Controversy aside, the intent of requirements elicitation is to
understand the true software needs and, therefore, this inquiry
will contribute to the requirements engineering discipline.

In the design science space, we found a considerable
scholarship regarding empathy-driven design, e.g., (Koppen
and Meinel [3], van Rijn et al. [4], Postma et al. [5], Wood-
cock et al. [6], Dong et al. [7], Kourprie and Visser [8], Kolko
[9]). However, this research falls short of addressing our
inquiry question in three critical respects: 1) the focus is on the
design activity as part of an essentially sequential product
development process rather than design as part of an on-going
continuous product development effort, 2) rather than
considering the whole development team, they tend to focus on
the design individual or just the design team, and, 3) when it
does consider the design team, it tends not to be viewed as a
unit to consider regarding its empathic ability. There are
design science models described by Wieringa [10] that
acknowledge the challenge that empathy-driven requirements
understanding attempts to address (using very different
vocabulary) but stops short of suggesting how those challenges
are, or could be, addressed. We believe this inquiry could
enrich those models and generally contribute to the design
science field.

In the collective sensemaking field, the collective (team) is
usually considered only insofar as its relationship to the
organisation, not to its understanding of a specific domain
outside of the organisation. Some researchers, notably Daniel
Russell [11] look at sensemaking from Human-Computer
Interaction (HCI) perspective and, although his view positions
sensemaking in a collective context (the information world), he
describes a style of engagement of sensemaking that is
essentially personal, not collective. The Cynefin framework
(Kurtz and Snowden [12]) is a sensemaking framework that is
particularly useful for collective sensemaking in that it is
designed to allow shared understandings to emerge which
could be insightful with respect to how teams ingest, socialise,
and collectively store insights. As with other collective
sensemaking models, it has resonance in early problem-solving
stages and for formal and finite periods of time. Other
researchers (Klein et al. [13], Naumer et al. [14], Kolko [15])
elaborate further by bringing data-framing into the picture and
defining design synthesis as a process of sense-making, trying
to make sense of chaos. The data-framing activity of
sensemaking lends itself to being part of a long-term collective
effort to understand and therefore may have some relevance to
this inquiry.

VI. METHOD OF THE RESEARCH

As the primary interest is on substantive theory generation,
rather than extending or verifying existing theories, we are
taking an interpretive epistemological stance, employing a
Grounded Theory approach, as developed by Glaser and
Strauss [16], and using the Constructivist Grounded Theory
methodology described by Charmaz [17]. Grounded Theory is
highly applicable in research such as this because it is
explicitly emergent and can generate theory relating to a
specific research situation. This is an area that is a relatively
new, where there has been limited research, and where field
data will come from observations and interviews, conditions
for which Grounded Theory is particularly well suited.
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Grounded Theory has been used successfully as a research
method to study Agile software development teams: Adolph et
al. [18], Dagenais et al. [19], Coleman and O’Connor [20],
Martin [21], Hoda [22].

The research uses theoretical sampling (Charmaz [17])
where the analysis of the data collected prior informs the
selection of and inquiry with the next participants. Individual
participants and corporate sites selected are ones involved with
software product development (teams developing software for
market) and that claim to have cross-functional product
development teams. The primary data collection methods are
observations of team meetings and team interactions, enriched
by semi-structured interviews with open-ended questions that
can allow real issues to emerge.

Participants are carefully recruited through our professional
network and via direct outreach to select software product
organisations. Where permitted, we hold interviews in the
participant's workplace to allow for environmental context to
enrich the interview data. Also, where we have approval from
the organisations involved, we locate ourselves as
unobtrusively as possible in the workplace to allow for more
casual direct observation as an additional data source which
may direct further data collection and analysis. The individual
interviews conducted are recorded whenever permitted. Our
many years of leadership with the types of people that are
participants affords us considerable comfort, understanding,
and rapid rapport.

Iterative data collection and analysis (formulation, testing,
and redevelopment of propositions) allows participant
sampling and questions to purposefully evolve as patterns
emerge in the data until we reach a theory. We use the NVivo
software tool to analyse the unstructured qualitative data
collected. Data collection will stop once the analysis indicates
the achievement of theoretical saturation, the point at which
gathering more data reveals no new properties nor yields any
further theoretical insights about the emerging grounded theory
(Charmaz [17]). This ensures a degree of consistency in the
analysis.

Our professional experience allows for a certain considered
positionality and we recognise that this shapes our objectivity
and subjectivity of many aspects of perspective in this study.
While acknowledging the challenges, we consider this
experience, and the bias it creates, to be an asset to this
research. As Eisner [23] suggests, the expert ability to “see
what counts” -- the sensitivity to tacit elements of the data,
meanings and connotations -- will guide the research,
supported fully by the collected data, towards questions that
matter.

Quality in research of this nature is generally assessed in
terms of validity and generalizability, which, together,
determine some measure of usefulness. During the research,
we employ various strategies (Maxwell [24]) to mitigate
threats to validity (credibility, dependability, reliability).
Intensive, on-going involvement, e.g., extended participation
and the ability to live in the participants’ workplace, provides
richer data and data types, less dependence on inference, and
opportunity for repeated observations and interviews, all which
will help rule out spurious associations and premature theories.
The collection and use of rich data (transcribed interviews,
thick descriptive note-taking of observations) help provide a

more complete and revealing picture of what is going on.
Participant checks (obtaining participant and peer feedback on
the data collected and conclusions drawn) help rule out
possibilities of misinterpretation. Triangulation (collection
from a range of participants and settings) reduces the risk of
chance associations and systematic biases. Finally, we will be
transparent with any discrepant evidence or negative cases.
We intend to assess transferability of final results within the
context of software product development primarily via reviews
of the resulting theory with software product development
leaders and, further, to draw comparisons with non-product
software development teams to further refine the specificity of
transferability claims.

VII. STATUS OF THE RESEARCH

To-date, we have been working with 5 software companies,
4 of which produce commercial enterprise-class software
products (skills management, retail, stem cell therapy, and
social media marketing management) and using common Agile
approaches. The 5th company develops large-scale aerospace
and satellite systems and adopts some Agile philosophies
within a large-scale, structured project management
methodology. All companies are leaders in their markets.
They range in size from 10 to several hundred employees and
in maturity from 2 to 50 years old. To-date, 9 product
development teams across these companies have participated,
resulting in 15 individual semi-structured interviews conducted
and 17 team sessions observed. More data gathering is
scheduled and more organisations and teams are being
recruited.

VIII.EMERGING OBSERVATIONS

The first emerging observation is that the organisational
model surrounding the cross-functional team significantly
impacts the cross-functional team dynamics, individual
participation and sense of primary allegiance. Where there is,
e.g., a software engineering department, a design department,
and a product management department, contributing members
to cross-functional product teams, the intra-team dynamics are
often strikingly different than when there is no functional
organisation surrounding the teams. In the former case, team
members are more likely to temper their contributions,
identifying more with their functional affiliation than with the
product mandate. The analogy we use here is that each are
wearing a functional t-shirt (e.g., the software engineering
department t-shirt with a small insignia that indicates the
person is assigned to a particular product team at the moment).
In addition to observing this in team interactions, this also
appears in the language, “I just do my job and they do theirs”,
“I trust them”, “I think someone else is looking after that”, “I
just do what Product Management (or Design) says”, “I am on
this team -- for now”. A software engineer in this environment
is much more likely to care about the how and defer to others
on the what and why. In contrast, organisations that do not
have a functional structure surrounding the cross-functional
product teams tend to have teams with a more complete sense
of ownership for their product and richer intra-team
interactions. The t-shirt analogy here is that they are all
wearing the same product t-shirt with perhaps an insignia that
identifies their functional competency. On these teams, sense
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of team is much stronger, thus the language does not refer to
‘them’. All team members are more likely to care about what,
why, and how because there is a stronger sense of collective
ownership for the product, not just their particular contribution
to it. We plan to probe this phenomenon further and look at
definitions of success and how they may be defined similarly
or not across these two models.

The second emerging observation relates to expectation of
mobility which appears to be inversely related to an
individual’s intrinsic connection to the product and, therefore,
the product team. We have observed two pressures that inhibit
an individual’s inclination to be all-in. One pressure is where
there is a high degree of staff turnover impacts product
development team resourcing. After a certain length of time,
people in these environments come to expect they will be
reassigned soon and thus have a certain tentativeness to their
commitment to the product and the product team. The other
pressure is similar, however, more intentional, where there is a
Human Resource department policy that encourages a high
degree of mobility with respect to team assignment, e.g., 20%
of technical staff should change teams every year. This seems
to be rooted in a belief that mobility is healthy for the
individual and/or adds to corporate robustness. A telling quote
from an engineering manager in one of these situations, “I do
not know how a true ‘team’ can emerge this way.”.

IX. CONCLUSION AND FUTURE WORK

Product development is a social process; thus, the
organisational dimension is the elephant in the room, a critical
factor for success or failure of software product teams. The
two observable phenomena surfacing strongly in the analysis
to-date both fall into a category of what an organisation may
do, consciously or otherwise, to support or inhibit, a cross-
functional team to be all it can be. There appears to be a
certain blurring of functional boundaries necessary for a team
to become a true product team rather than a collection of
functional experts assembled around a product.

In the context of requirements engineering, we use the
definition of empathy to be the ability to imaginatively step
into another domain, understand the perspectives of those in
that domain, and use that understanding to guide decisions
[25]. Stepping into that other domain also involves a certain
temporary blurring of the boundaries in order to truly
understand perspectives in that domain. Thus, further inquiry
is needed to determine if this blurring of functional boundaries
is a necessary condition for the team to collectively grok the
target domain.
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