
Strategic Digital Product Management in the Age of AI

Downloaded from: https://research.chalmers.se, 2024-04-19 22:03 UTC

Citation for the original published paper (version of record):
Olsson, H., Bosch, J. (2024). Strategic Digital Product Management in the Age of AI. Lecture Notes
in Business Information Processing, 500 LNBIP: 344-359.
http://dx.doi.org/10.1007/978-3-031-53227-6_24

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology.
It covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004.
research.chalmers.se is administrated and maintained by Chalmers Library

(article starts on next page)



Strategic Digital Product Management
in the Age of AI

Helena Holmström Olsson1(B) and Jan Bosch2
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Abstract. The role of software product management is key for building,
implementing and managing software products. However, although there
is prominent research on software product management (SPM) there are
few studies that explore how this role is rapidly changing due to digital-
ization and digital transformation of the software-intensive industry. In
this paper, we study how key trends such as DevOps, data and artificial
intelligence (AI), and the emergence of digital ecosystems are rapidly
changing current SPM practices. Whereas earlier, product management
was concerned with predicting the outcome of development efforts and
prioritizing requirements based on these predictions, digital technolo-
gies require a shift towards experimental ways-of-working and hypothe-
ses to be tested. To support this change, and to provide guidelines for
future SPM practices, we first identify the key challenges that software-
intensive embedded systems companies experience with regards to cur-
rent SPM practices. Second, we present an empirically derived framework
for strategic digital product management (SPM4AI) in which we outline
what we believe are key practices for SPM in the age of AI.

Keywords: Strategic digital product management · DevOps · Data ·
Artificial intelligence · Digital ecosystems · Digitalization · Digital
transformation

1 Introduction

The role of product management is critical for the success of any product. As
recognized in [7], the product manager holds responsible for product require-
ments, release definition, product release lifecycles, creating an effective product
introduction team and preparing and implementing the business case. Similarly,
[27] describes software product management (SPM) as a crucial discipline that
encompasses the activities and responsibilities involved in creating, delivering,
and maintaining software products. In addition, and as pointed out in [7], the
product manager owns the business case and assures that a product release
delivers the expected value to customers as well as to the business. In practice,
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and especially in the software-intensive embedded systems industry, SAFe is one
of the most common frameworks for product strategy, planning and roadmap-
ping1. During recent years, it has become widely adopted by companies that
wish to scale their agile practices, accelerate value delivery and shorten feedback
loops to customers. Although research on the benefits of adopting SAFe is still
scarce, it remains the predominant framework for software organizations that
seek to accelerate value delivery to customers. In addition to SAFe, there are
several frameworks and models for supporting and improving software product
management practices. As a few examples, the ISPMA framework provides a
holistic view on the activities of software product management2, the SPM ref-
erence framework identifies key process areas as well as the stakeholders and
their relations [35], the SPM competence model outlines key capabilities a soft-
ware organization should implement to improve SPM maturity [2], the market-
driven product management and requirements engineering model (MDREPM)
enables software process improvement and process assurance [13] and the 4CC
model provides a blueprint for re-engineering product development management
practices [30]. Also, there are numerous papers outlining key success factors for
software product management [8] and SPM best practices, e.g., [10,33,36].

However, although there is prominent research on software product manage-
ment and the importance of this discipline, there are few studies that explore how
the role of product management is rapidly changing due to recent, and profound,
trends that come with digitalization and digital transformation. As concluded in
our previous research [5], digital technologies change development organizations
and how these operate. In our view, digital transformation has significant impli-
cations on the software product management. Similarly, [21] recognize how the
principles of how software products are introduced and delivered to customers
are changing rapidly. Although software product management can, and in our
view should, be considered part of the field of software engineering, in this paper
we use these terms as separate. In the remainder of the paper, we use the term
software product management to refer to decisions concerning what to build and
why it should be built. We use the term software engineering to refer to decisions
and activities concerning how to build the prioritized functionality.

In this paper, we explore how key trends such as DevOps, data and arti-
ficial intelligence (AI), and the emergence of digital ecosystems challenge and
fundamentally change current SPM practices. Our research builds on multi-case
study research in companies in the embedded systems domain that experience
rapid changes in the business environments in which they operate and as a
consequence, need guidelines for how to approach and reason about their SPM
practices going forward.

The contribution of this paper is two-fold. First, we identify the key challenges
that companies in the software-intensive embedded systems domain experience
with regards to their current SPM practices. Second, we present an empirically
derived framework for strategic digital product management (SPM4AI) in which

1 https://scaledagileframework.com/.
2 ispma.org.

https://scaledagileframework.com/
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we outline what we believe are key practices for SPM in the age of artificial
intelligence (AI).

The remainder of this paper is structured as follows. In Sect. 2, we review
literature on software product management and framewroks that are currently
used to support this role. Also, we outline key trends that we see challenge cur-
rent SPM practices. In Sect. 3, we provide an overview of the research approach
we used and the case companies involved in our study. In Sect. 4, we present
the empirical findings. In Sect. 5, we present the ’Strategic digital Product Man-
agement’ framework (SPM4AI) in which we outline what we believe are key
practices for SPM in the age of AI. In Sect. 6, we discuss threats to validity. In
Sect. 7, we conclude the paper.

2 Background and Related Work

2.1 Software Product Management (SPM)

Engineering is concerned with building systems and with activities such as e.g.,
requirements engineering, designing an architecture, developing software, imple-
mentation of software, testing and validation of the system and finally, release
to customers. However, whereas engineering is concerned with ’how’ to build
systems, there is another activity concerned with ’what’ to build and even more
important, ’why’ we should build the system in the first place. This activity
is typically referred to as product management and in the context of software-
intensive systems as software product management. Over the years, numerous
studies have explored the activities involved in software product management
and the role of the software product manager. In [8], the authors conclude that
the SPM role is critical and that with a consistent and empowered product
management role, the success rate of projects in terms of schedule, predictabil-
ity, quality and project duration improves. In [2], a product manager is referred
to as the “mini-CEO of an organization” as they are positioned at the center
of the organization where they keep in contact with all stakeholders to ensure
that they work towards the same goal. In [28], the author discusses how proper
product management processes improve resource management efficiency, lead
to increased business growth, better budget control, higher user satisfaction,
increased release predictability and faster release cycles. As depicted in [12],
software product management is the role responsible for what the product is,
how it works, whom it serves and how it affects the company and its customers.
As a comprehensive summary, [32] outline key product management practices in
a framework involving management processes, support processes and software
lifecycle processes. As can be seen in the studies mentioned above, and if looking
at the impressive body of knowledge in the field, the importance of this role is
only increasing.

2.2 SPM Frameworks

There are several frameworks and models that provide support for software
product management. With a focus on how to effectively scale agile practices,
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SAFe has become one of the most common and widely adopted frameworks
in industry [https://scaledagileframework.com/]. In the most recent version,
product management is described as the function responsible for defining desir-
able, viable, feasible, and sustainable solutions that meet customer needs and as
the function supporting development across the product life cycle. In [29], the
authors conclude that increased transparency, alignment, quality, time to mar-
ket, predictability and productivity are the perceived benefits of SAFe, while the
challenges are associated with resistance to change and controversies with the
framework.

In addition to SAFe, there are prominent frameworks such as e.g., the ISPMA
framework [ispma.org]. This framework provides a holistic view on the activities
of software product management with the intent to establish and improve SPM
practices in organizations. In [15], the authors build on the ISPMA framework
when providing best practices for product strategy, product planning, strategic
management and orchestration of the functional units of the company. In [11],
the framework is referred to as unique in that it integrates several key character-
istics from previous frameworks for product management, as well as for student
education purposes.

The SPM reference framework identifies key process areas as well as the
stakeholders and their relations [35]. The framework is based on a review of
state-of-the-art literature on software product management as well as experience
from industrial case studies. In addition to this framework, the SPM compe-
tence model outlines key capabilities a software organization should implement
to improve SPM maturity [2]. The model provides an overview of four busi-
ness functions that are important to SPM, i.e., portfolio management, product
planning, release planning and requirements management, and the focus areas
for each of these functions. Also, the model indicates the interactions that take
place between different stakeholders and how information flows between roles
and functions.

As yet another model, the market-driven product management and require-
ments engineering model (MDREPM) enables software process improvement
and process assurance in market-driven software engineering [13]. The model
targets the unique challenges that product development organizations operating
in market-driven environments are facing and can be seen as both a best-practice
guide and a process assessment framework.

Finally, the 4CC (Four Cycles of Control) framework combines business man-
agement and software product development, and takes both a long-term and
short-term view to software product release management [30]. The framework
involves the type, timing, and content of different product releases, and aims
at providing a common understanding for how to organize software product
development.

2.3 Key Trends that Challenge Current SPM Practices

Based on recent research, as well as our experience of working closely with com-
panies in the embedded systems domain for more than a decade, we identify

https://scaledagileframework.com/
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three trends that have an impact on current ways-of-working and that challenge
current SPM practices. Below, we detail these trends and the effect they have
on SPM.

DevOps: The emergence of agile practices was key as the sprint model fun-
damentally changed the ways in which software was developed and delivered.
These practices are now scaling and with the emergence of DevOps the entire
feedback cycle with customers is shortened when bringing development and
operations together [18]. For DevOps to be effectively adopted, technical trans-
formations include, e.g., automated deployments using build and continuous
integration tools, treating infrastructure as code, and continuous monitoring
of infrastructure and system behavior in production. On the organizational
side, it is crucial to build and strengthen a collaborative culture to successfully
establish a straightforward communication and shared responsibilities [9]. With
DevOps, also the role of the product manager changes. First, it becomes much
more integrated with the engineering team as the ways-of-working shift from
being specification-centric to more experiment-centric. Second, with DevOps
systems are grown instead of built. Rather than defining the requirements and
building the system to meet the specification, the focus shifts to defining out-
comes and iteratively deploying functionality that support these. Third, with
an experiment-centric approach, product managers can continuously measure
the impact of development efforts and hence, adopt a more customer-centric
approach to product development.

Data and AI: Digital technologies are transforming industry to an extent that
we have only seen the beginnings of. Across domains, companies experience rapid
changes to their existing practices due to the many opportunities these tech-
nologies bring. As recognized in e.g., [5,25], data and AI allow for continuous
improvement of system functionality and hence, continuous value delivery to cus-
tomers. In addition, and as recognized in [26], data and AI provide the basis for
new digital offerings and recurring revenue streams. Finally, data and AI enable
companies to shift towards customer KPI-based business models and two-sided
markets [1,31]. With data and AI, the role of the product manager shifts from
being concerned with predicting the outcome of development efforts and prior-
itizing requirements based on these predictions, towards adopting experimental
ways-of-working, defining hypotheses to be tested and using data from products
in the field for continuous monitoring and improvement of customer value.

Digital Ecosystems: As a recent trend, business environments are being rec-
ognized as digital ecosystems [16]. The concept of digital ecosystems is proposed
as a new way to perceive the increasingly complex and interdependent systems
that are being created and that are characterized by self-organization, scalabil-
ity, sustainability and with business models in which the main revenue stream
no longer consists of the production of a product that is sold to customers, but
rather, provision of a combination of services and products to their customers
[16,17]. From a product management perspective, digital ecosystems reshape the
business ecosystems in which companies operate. With new innovation platforms
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and digital marketplaces, software product development is rapidly shifting from
focusing on internal scale, efficiency, quality and serving customers in a one-to-
one relationship, to contributing to an ecosystem of multiple players [4].

3 Research Method

3.1 Case Study Research

Case study research has become an appreciated method in software engineering
research as it allows for empirical investigation of contemporary phenomena. In
[3], case studies are defined as information gathering from a few selected entities
with little or no experimental control. Similarly, [34] emphasizes how case studies
are useful when studying organizational contexts with complex and intertwined
conceptual structures. In our study, we adopted a multi-case study approach to
explore how key trends such as DevOps, data and artificial intelligence (AI), and
digital ecosystems challenge current SPM practices. The findings we present are
based on close collaboration with a selected set of companies in the embedded
systems domain. All the case companies are members of a larger research collab-
oration in which industry and academia work closely together to help accelerate
digitalization (www.software-center.se) . In what follows, we report on research
in which we use company workshops and frequent check-in meetings conducted
between January 2023 and September 2023 as the basis for our findings. It should
be noted however, that we have been working with the case companies as part
of the larger research initiative for more than a decade. This gives us the oppor-
tunity to use previous insights and experiences as valuable and complementary
input also in this study.

3.2 Case Companies

The following case companies were involved in our study:

– Case company A is a networking and telecommunications company. For
the purpose of this paper, we engaged with roles involved in software product
management, engineering management and data analytics. We studied two
different use cases. Use case 1 is concerned with how to balance requests
from a large and diverse customer group. Use case 2 is concerned with how
to effectively use data for continuous improvement of software products.

– Case company B is a company manufacturing vehicles. For the purpose of
this paper, we engaged with roles involved in software product management,
technology management and strategy lead. We studied one use case concerned
with how to adopt A/B testing practices in large-scale systems development.

– Case company C is a food packaging and processing company. For the
purpose of this paper, we engaged with roles responsible for data management
and connectivity and software and systems engineering. We studied one use
case concerned with using deep learning (DL) for managing system evolution.
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– Case company D is a company manufacturing trucks. For the purpose
of this paper, we engaged with roles responsible for product management,
technology management and autonomous drive. We studied one use case con-
cerned with using reinforcement learning to improve system behaviors.

3.3 Data Collection and Data Sources

As the primary data source for this study, we engaged in workshop sessions at
all case companies. The workshop sessions lasted for 1–3 hours, involved 4–10
people and focused on current SPM practices, challenges imposed with digi-
tal technologies and best practices and strategies for how to address and mit-
igate these challenges. In addition to the workshops, we had bi-weekly and/or
monthly check-in meetings to review status of the initiatives and we contin-
uously discussed solution development and next steps. Our findings build on
company workshops and frequent check-in meetings conducted between January
2023 and September 2023. We have worked with several of the case companies
for more than a decade, and have reported on specific teams, products and chal-
lenges in previous work. However, in this paper the focus is on software product
management whereas in earlier publications we focused on software engineering
challenges. In total, we met with the case companies in 12 workshops (7 work-
shops in company A, 3 workshops in company C and 2 workshops in company
D). With company B, we interacted primarily by using frequent check-in meet-
ings (on-line) and e-mail conversations. The longitudinal nature of our research
allows us to capture not only our most recent experiences in the companies, but
also challenges and solutions that we have seen emerge over time as a result of
their long-term and on-going digital transformation. As part of the collaboration
with the case companies, we were able to follow several improvement initiatives
as well as internal discussions on how to rethink and reinvent the SPM role.

4 Findings

The challenges experienced in the case companies are due to the rapid pace
of digital transformation and the new technologies and ways-of-working that
come with digitalization. From the perspective of SPM, this implies that existing
frameworks are insufficient as these often fail in effectively supporting short
DevOps cycles involving continuous development and delivery of data and AI-
intensive system components. Below, we describe a selected set of use cases. Each
use case illustrates a key challenge that the case company experience and how
the company responded to this challenge.

4.1 Everything Starts with a Requirement

Challenge: The case companies develop systems that are safety-critical and sub-
ject to strict regulations and legislation. Due to this, the primary approach to
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development in all case companies is a requirement driven approach. As the start
of development, product management is responsible for collecting and specifying
requirements as input for the software development teams. Over the years, and
increasingly so with practices such as continuous deployment and data-driven
development being introduced, a number of limitations have been recognized in
relation to the requirement driven development approach. The assumption that
customer requirements can be identified before development starts is the most
questioned one and with an increasing amount of product and customer data
available the traditional approach to requirements is rapidly changing.

Response: In the case companies, we notice that a requirement driven approach
to development is well suited for situations in which features and functionality are
well-understood, where there is a long-term agreement between the customer and
the development organization and where there is less frequent change imposed
on the system. However, when applied also in a fast changing environment the
requirement driven approach falls short. This was confirmed in all case companies
involved in our study and people report on use cases in which SPMs ”create
a false illusion of certainty” by taking a requirement driven approach also in
situations characterized by uncertainty. Our research shows that a key challenge
is to find alternative approaches and frameworks that support software product
managers also in evolving and uncertain system contexts [6].

4.2 Balancing Exploration and Exploitation

Challenge: Case company A delivers systems to a large number of customers
with very different needs. The role of product management is to inventory these
needs, to combine, merge, and prioritize among them, and to present a roadmap
with a set of requirements for the next release of the system. In this process,
effective management of customer feedback is critical. However, and as reported
in our previous work [23], the development of systems that serve a large customer
group can easily lead to a tension between two conflicting interests. On one hand,
the development organization seeks to achieve scale in terms of implementing
as many new features to as many customers as possible. On the other hand,
the development organization needs to show responsiveness to strategic cus-
tomers. This requires the ability to balance exploration and exploitation which
is a challenge in the companies we studied. In [23], we reported on the software
engineering aspects of this by outlining the development organization and the
structure of the software teams.

Response: From a SPM perspective, use case 1 in company A illustrates the chal-
lenge of balancing individual customer requests while at the same time serving
a large customer. During the workshops in company A, we learnt that the most
rewarding approach is to have some of the organization’s development teams
dedicated to specific customers that the product manager identifies as the most
strategic ones. Based on the requests from these customers, teams explore new
features, collect customer feedback and improve these features in an iterative
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and incremental fashion. Once exploration of features is done with strategic cus-
tomers, these features are adapted to generic customer needs and included in the
planned releases. For the software product managers we talked to during this
study, this approach allows for exploratory development of new features and the
ability to respond rapidly to strategic customers, while over time having the
benefit of exploiting these development efforts with the larger customer base.
From the perspective of the software product managers involved in our study,
the opportunities for exploration are rapidly increasing with large amounts of
data, as well as AI technologies, being available.

4.3 Towards Testing of Hypotheses

Challenge: To manage situations with low certainty is a challenge that all case
companies experience. Over the years, we studied cases where product manage-
ment prioritized features that, in the end, where never used by customers or
used so seldom that the development efforts could not be justified. To address
this challenge, companies need support for experimental ways-of-working where
teams use hypotheses instead of requirements as the basis for development as
highlighted in data-driven development approaches. Although there is detailed
advice for how to conduct A/B testing in online contexts, support for how and
when to adopt these practices in large-scale embedded software development
is scarce. Still, there are some examples from the companies we studied where
experiments are run to support smaller improvements of features and where
collection and analysis of customer and product data informs development.

Response: In company B, A/B testing is used on test vehicles with the intent
to test two different versions of an energy optimisation software with customers.
The test fleet consists of 28 vehicles and the company uses an experiment group
design method, i.e., ’Balance Weight Matched Design’, to address the challenge
of having a limited sample size and increase the experiment power with small
samples. In [19,20], we present the software engineering aspects of these exper-
iments and show that balanced groups can be produced even when the sample
sizes are small. Our recent interactions with product managers in case company
B confirm that experimentation is well suited for situations where there is a need
to test different hypotheses and where the solution to a problem is unclear. Also,
the company has started applying experimentation in innovation efforts as there
is the need to test and trial with customers in order to identify the potential
value of new digital services and offerings.

4.4 Maximizing Use of Big Data Sets

Challenge: The case companies collect massive amounts of data from their prod-
ucts in the field. This data is primarily used for diagnostics and quality assurance
as well as for monitoring and improving product performance. Most companies
experience a situation in which the amounts of data are growing exponentially
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due to an increasing number of connected devices, an increasing number of sen-
sors in these and an overall need to collect new types of data. In our experience,
a common challenge is how to make effective use of data to support development
and improvement of software functionality. In this area, existing frameworks are
few and for most software product managers the opportunities data provides are
also associated with several challenges.

Response: In use case 2 in company A, we studied how machine learning (ML)
is used to improve paging. The paging feature is an existing feature in the audio
stream that detects when the connection is poor. However, due to the increasing
complexity associated with large telecom networks, and competing factors such
as latency, resource consumption and number of paging requests, the intention
was to explore to what extent the paging feature could be improved by using
ML. From a SPM perspective, the use case illustrates the opportunity to have
AI technologies complement and even replace human efforts during software
development. Also, it shows how ML models can help realize system functionality
and perform classification and prediction activities that would be challenging for
humans to accomplish.

4.5 Managing Problem Domain Evolution

Challenge: The case companies operate in safety-critical environments where
system quality and performance is key. Significant effort goes into continuous
monitoring of system to ensure and improve their performance. While it could
be argued that quality is important for any system, the systems we studied
operate in contexts where failure could lead to severe accidents and even deaths.
Therefore, ways in which quality can be assured and continuously improved are
critical. At the same time however, internal resources are limited and all compa-
nies face challenges with regards to how to increase quality while maintaining,
or ideally decreasing, costs involved in this.

Response: In case company C, we studied a use case where the company uses
deep learning (DL) models to detect defects in packaging at each client site
during processing. The architecture of this use case was presented in [14] where
we show how a global model in the cloud is trained with the knowledge gained
from local model training at each client site. The learnings from the cloud are
fed back and shared to the client sites for inference using transfer learning. The
data set consists of packages with different patterns, types and colours and with
the DL approach the case company could optimize performance and minimize
risks involved in the production line. From a SPM perspective, this allows for an
effective way to enhance quality assurance of products while at the same time
reduce efforts and costs involved.

4.6 Let the System Figure It Out

Challenge: With the rapidly growing interest in AI, the case companies we stud-
ied are looking for approaches that help them use these technologies to explore,
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learn and adjust to changes in the environment in which their systems operate.
This is of particular interest in contexts characterized by low uncertainty. As a
common method, federated learning helps enable large-scale training of models
on the device where the data is generated, but with the sensitive data remaining
within the data’s owner. The approach is generally applicable when the data is
evenly distributed across devices. However, in the case companies involved in our
study, data is typically not uniform. Also, the data subjects may have different
characteristics from one another. The quality of the trained model may then be
problematic.

Response: In company D, we studied a use case in which a team used reinforce-
ment learning to explore the reward of introducing a new feature into existing
autonomous trucks. In particular, the use case is concerned with monocular
depth estimation and in a recent paper we present the software engineering
aspects of this case by detailing the ML algorithm, the data sets and the simu-
lations that were used [37]. From a SPM perspective, the reinforcement learning
approach allowed for effective exploration of an action space to determine if there
was sufficient reward to be accomplished by introducing the monocular depth
estimation feature to existing autonomous trucks.

5 SPM4AI: Strategic Digital Product Management in the
Age of AI

Software product management is concerned with determining what to build. The
goal of this decision process is to maximize the return on the investment of the
R&D resources. To accomplish this, the product manager is required to predict
what the impact of a function or features on the customer, market and other
stakeholders will be. However, predicting the impact of new functionality is far
from trivial and traditionally the software product manager simply had to prior-
itize the content of a release based on their best understanding and assessment.
With the emergence of DevOps, we get a new mechanism available: as the release
frequency is so high, we can afford to experiment with new functionality before
completing it. In this way, DevOps allows for building a slice of new function-
ality, get it out to some of the customers and use experiments to incrementally
add and improve a feature. Experimentation is particularly important in cases
where the certainty that a feature will add value is low. Research shows that
potentially more than half of all features in a system are never used or used so
seldom that the R&D investment was wasted [24]. Experimentation is a powerful
approach to address this challenge as we can answer the question on whether
functionality adds value with a much lower investment. A second dimension of
decision-making is how to realize functionality. Traditionally, all functionality
was realized using algorithmic code developed by software engineers. With the
emergence of AI, it becomes increasingly feasible to train ML/DL models with
available data. These models can then perform classification, prediction as well
as other forms of inference.
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The challenge of uncertainty and change over time also exists for ML/DL
models. In some cases, the input data and the domain in which the system
operates is rather static and it is sufficient to train a model once and deploy it.
In many situations, however, the context in which the system operates evolves
over time. In the context of ML/DL models, there are two basic approaches to
accomplish evolution of models. First, one can monitor the performance of an
otherwise static ML/DL model. When the performance of the model starts to
decrease, this can be used to trigger retraining of the model. This is an effective
approach to evolve ML/DL models in changing contexts with an element of
human supervision. Although the trigger for retraining may be automated, in
most cases there is a human who decides whether a new model goes live or not.

An alternative to retraining models is to use reinforcement learning. In this
case, the algorithm is given a state space and an action space. Based on the
action the reinforcement learning algorithm takes it receives a reward. Based on
this, the algorithm learns, over time, what action is preferred in each situation.
In an evolving system, the algorithm continuously spends a small amount of
its time exploring. Consequently, when an alternative action is becomes more
suitable over time, meaning the reward goes up, the algorithm will learn this
and adjust its behaviour.

Fig. 1. SPM4AI Framework: six approaches

In Fig. 1, the insights that we developed during our study are summarized.
When the functionality prioritized by the software product manager is considered
to be stable and we have a high degree of certainty, we can either ask the R&D
team to build the functionality based on the requirements or train a ML/DL
model if there is data available.
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In cases when the context in which the system operates evolves, the system
has to respond to these changes. When the functionality is developed by humans,
software product managers need to provide updated requirements for the devel-
opment teams. The challenge is that even if it is obvious that the system needs
to respond to changes, it may not be obvious how it should do so. To address
this, we propose exploratory development where teams try alternative solutions
to figure out the most rewarding path forward.

If the functionality is realized by ML/DL models, the typical approach is to
retrain the model using the most recent data. There are challenges around when
to retrain, define trigger points and how to ensure that appropriate monitoring is
in place. Still, the opportunity to use ML models for managing system evolution
is critical for SPM practices going forward as it comes with benefits that are hard
to accomplish in traditional software development. If the degree of uncertainty
is high to the point that it is not even clear that the functionality should be part
of the system, companies need experimental approaches. As we shared earlier
in the paper, many features in contemporary systems are never or hardly ever
used. The goal of experimentation is to determine whether a new features should
be part of the system at all. If the software product manager decides that a new
feature or function should be realized through algorithmic code developed by
a team, the suitable approach is to ask the team to conduct A/B experiments.
The goal of the A/B experiments is to determine if there is sufficient value for
customers or the company providing the system to its customers. In the case
the software product manager decides that using an ML/DL model is the best
way to realize the feature, reinforcement learning can be an effective approach
to determine if there is sufficient reward to be accomplished.

To summarize this section, the role of product manager is to decide what to
build in high degrees of uncertainty and a continuously evolving contexts. The
framework we present identifies six approaches of realizing functionality that
meets the specific constraints for each of the identified situations. In the end,
the product manager needs to decide between these approaches based on his
or her best understanding of the situation. In general our guidance is to select
ML/DL models over algorithm-based development when feasible and to treat
new functionality with more uncertainty then what one might believe. Both
these guidelines allow for data driven decision making and reduced development
efforts.

6 Threats to Validity

As the foundation for our understanding of the impact of digitalization on soft-
ware product management practices, we reviewed contemporary research on this
topic. Based on this understanding, we conducted multi-case study research in
collaboration with companies in the embedded systems domain. As our primary
data source, we collected data from workshops with key stakeholders within each
of the case companies. To address construct validity [22], we shared our under-
standing of digital transformation, and the impact this has on SPM with all
stakeholders involved in our research. With regards to external validity, we view
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our research contributions as related to the “drawing of specific implications”
and as a contribution of “rich insights” [34]. However, with the opportunity to
study companies covering different industry domains we believe that the findings
have the potential to be relevant also in other embedded systems companies with
similar characteristics as the companies we studied.

7 Conclusion

The role of software product management is key for building, implementing
and managing software products. However, few studies explore how this role is
rapidly changing due to digitalization and digital transformation. In this paper,
we study how key trends such as DevOps, data and artificial intelligence, and
digital ecosystems are fundamentally changing current SPM practices. To sup-
port this change, and to provide guidelines for future practices, we identify the
key challenges that software-intensive embedded systems companies experience
with regards to current SPM practices. Second, we present an empirically derived
framework for strategic digital product management (SPM4AI) in which we out-
line what we believe are key practices for SPM in the age of AI.
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