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ABSTRACT

In the modern economy, software drives innovation and economic
growth. Studies show how software increasingly influences all
industry sectors. Over the past 5 decades, software engineering
has also changed significantly to advance the development of
various types and scales of software products. Software
engineering education plays an essential role in apprising students
of software technologies, processes, and practices popular in
industries. Furthermore, approaches to teaching software
engineering are becoming more interdisciplinary and team-
centered, comparable to startup contexts. In this PhD work, I want
to answer the following research questions: (1) To what extent are
software engineering trends present in software engineering
education research? (2) What set of common software engineering
practices employed in lean software startups is transferable to the
software engineering education context? (3) What is the impact of
lean startup practices on software engineering students and
curricula? 1 utilize (1) a literature review, (2) mixed-methods
approaches in gathering empirical evidence, and (3) design-based
research. In the first phase of the research, I pinpoint the relevance
of the lean startup in software engineering education through an
extensive literature review. I gather empirical evidence on lean
startup practices and assess their potential transferability to
software engineering education during the second research phase.
I demonstrate that the lean startup is an emerging trend in
software engineering education research. I demonstrate that
students can acquire soft, hard, and project management skills in a
more realistic context in the introduction of the growth phase of
lean startup practices throughout external course activities. |
expect software engineering curricula to benefit from the model
and framework that I propose and validate, thus facilitating lean
startup practice transfer to software engineering curricula.
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1 Introduction

Over the past 5 decades, software engineering education (SEE)
has continued to evolve while focusing on preparing software
engineering (SE) students for future careers [1,2]. International
organizations such as the Institute of Electrical and Electronics
Engineers, Association for Computing Machinery [3], and the
Computing Curricula of 2020 [4], encourage integrating industrial
perspectives in SE curricula. Despite this support, addressing
industrial demands remains an open question in SEE. Educators
provide fundamental programming knowledge and skills that help
students adapt to and work quickly with new technologies in
industrial environments. SEE strives to meet this goal through
lengthier design of courses, and it relies on teaching strategies
such as project-based learning and capstone courses to enable skill
practicing in relatively realistic project environments [1,5].
Systematic reviews [2,6,7] have revealed that educators
successfully convey relevant SE knowledge to students by using
these approaches.

Moreover, education for software engineers should prepare
students to stay current in the face of rapid change. Existing
studies have reported educational challenges that exceed
fundamental skillsets. For example, reports have addressed how to
support students regarding communicating effectively with
customers in an Agile project [8] and how to work with other
developers in a geographically distributed setting [9]. The
underlying assumption of these reports is that students are already
aware of the necessary state- of-the-art software engineering
trends. Such topics are essential for educators when building
appropriate  curriculums and selecting suitable teaching
methodologies [10].

Seeking to prepare students for future computing, as illustrated
by the Computing Curricula 2020 project [4], I recognize the



necessity of reviewing SEE to ensure education outcomes relevant
to the software industry in the mid-2020s and beyond. Studies
have highlighted the importance of SEE collaborating on common
education goals and remaining current with SE trends [7,11]. In
particular, trends in current SE curricula from previous decades
require revision. In this project, an SE trend is a commonly
adopted software development approach that includes a set of
practices, working methods, associated toolsets, and frameworks.
For example, lean startups is an industry SE trend attracting
interest in SEE [12]. How SEE responds to this trend may be
crucial for future student cohorts. Unsurprisingly, the main
collaboration scenarios between industry and education
stakeholders involve lean software startup formations. However,
the lean software startup trend is underrepresented in the SEE
context. Difficulties faced while applying it are related to (1) SE
students’ mindsets when developing innovative ideas, and (2)
delays in adopting innovative technologies, tools, and SE
practices. I argue that the main cause for the gap is the lack of a
conceptual model and framework that would facilitate lean
software startup research in becoming part of SEE courses. To
this end, I formulated the following hypotheses:

e  HI: Lean Software Startup paradigms are part of SE Trends
presented in SEE research.

H2: A set of common software engineering practices among
lean software startups is transferable to the SEE context.
H3: The adoption of lean software startup practices and
settings can positively affect students’ skills and startup

formation motivation in the SEE context.

To corroborate my hypotheses, I have posed three primary
research questions (RQs) and corresponding sub-questions for my
study’s research objectives, discussed in Section 2. To answer the
RQs and verify the hypotheses, within my research scope (Section
3), I have designed a research methodology relying on a mixed-
methods approach in empirical investigations, described in
Section 4. I discuss the study’s expected contributions in Section
5 and the results obtained thus far in Section 6. I have carefully
planned the timeline for evaluating the research; see Section 7.

2 Research Objectives

This the ever-evolving
development of industry-relevant teaching strategies, focusing on
software startups. Thus, I have designated the following research
objectives: (1) Identify industry- and academia-based SE trends;
(2) Identify lean startup practices when transitioning from early to
growth phase; (3) Identify the extent to which lean startups are
presented in SEE research; (4) Identify primary stakeholders
involved in the introduction of lean startups in SEE curricula; (5)
Evaluate how external activities involving internal and external
stakeholders foster innovation and lean startups within SE
curricula; (6) Evaluate how lean startup paradigms, practices, and
settings can affect students’ skills and startup formation mindsets;
and (7) Propose a model and framework facilitating lean startup
practice transfer within SEE curricula.

thesis aims to contribute to
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I wish to contribute to the scientific
development of lean startup SE and SEE research. I want to
demonstrate the present relevance of lean startups in the SEE
context. My research inquiry contains the following RQs in

connection with the research objectives:

Concurrently,

RQ1: To what extent are SE trends present in SEE
research?
— RQ1.1: Which industry models, processes, and methods are
embraced in SEE research?
— RQ1.2: What industry-relevant teaching approaches are
presented in SEE research?
—RQ1.3: Which stakeholders work together, as presented in
SEE research?
RQ2: What is known about lean software startup practices?
— RQ2.1: What are common engineering practices in lean
software startup companies?
— RQ2.2: What discrepancies are present in software practices
when lean startups transition from the early to the growth
phase?
RQ3: What is the impact of lean startup practices on SE
students and curricula?
— RQ3.1: How do external lean startup-focused activities
impact students’ learning in experience-based courses?
— RQ3.2: How do external activities/stakeholders affect
student motivation regarding startup formation within SEE
curricula?
— RQ3.3: What model and framework can facilitate lean
startup practice transfer to SEE curricula?

RQs 1, 1.1, 1.2 and 1.3 relate to positioning the lean startup in
SEE while scoping the literature. I want to evaluate how startup
characteristics have been integrated into SEE. RQ2 and its
corresponding sub-questions focus on the knowledge from the
state of the art in the lean software startup context. I then evaluate
the transferability of software startup practices into SEE
(including project-based learning courses such as customer-driven
project and multidisciplinary courses, such as experts in
teamwork). Finally, RQ3, RQ3.1, RQ3.2, and RQ3.3 evaluate
potential impacts for existing SE curricula and SE students in
collaboration with other disciplines. I follow the research
methodology outlined in Section 4 to answer the RQs.

3 Research Scope

The scope of the PhD project is related to students
participating in Norwegian University of Science and Technology
(NTNU) SE-related master study courses (e.g., Experts in
Teamwork and Customer-Driven Project).

The project will also contribute to Lean Startup research by
gathering empirical data on SE practices from growth-phase
software startups. The project will focus on (1) contributing to
learning approaches for SE-related courses by adopting software
startup, Lean Startup methodology, and minimum viable product
prototyping approaches and tools;
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Figure 1: Methodology Design

(2) promoting innovation and software startup models that allow understanding of SE trends. This study’s literature review
students to become future tech innovators; and (3) potentially identifies a software startup practice gap within SEE. Startup

adding to knowledge of SE practices in growth-phase software formation may be a more pragmatic approach for master’s
startups.I will limit the study to the lean software startup paradigm students learning SE practices compared with present project-
and SE practice transfer within the SEE context. Moreover, early- based learning and capstone courses.

stage software startups will be outside the research scope, as they Using a multidisciplinary setting and external stakeholder
have been extensively evaluated by the research community. Data participation (e.g., during bootcamp activities) should also bring
collected from growth-phase startups would be more meaningful real-life scenarios into the software startup formation context. I
and provide a better overview of how equivalent growth expect that students will succeed in careers in SE startups. I intend

achievements could be achieved in the education context. Notably, also to contribute a sustainable model and framework fostering

software startups have constituted a large part of the most startup formation in the SEE context, one that can be developed to

lucrative and rapidly growing businesses over the last decade. assist educators, researchers, and practitioners in making educated
decisions regarding startup-oriented approaches for SE courses.

4 Proposed Approach
The research methodology is based on a triangulation of 6 Results Presently Achieved

quantitative and qualitative methods [13] that will explore 6.1 Software Engineering Education Trends
researchable facts through various types of investigation. Figure 1
outlines the methodology and connections between the research
methods and RQs. In the first phase, knowledge and insight will
be acquired through a literature review (RQs 1, 1.1, 1.2 and 1.3).
The second research phase will have two directions. First, I will
conduct investigations into SE practices in the growth phase of
lean software startups (RQs 2, 2.1, and 2.2). Second, I will gather
empirical evidence on how lean software startup practices can
affect students’ skills and startup formation mindsets (RQs 3.1
and 3.2) while introducing external activities to intensive SE
project-based courses with multidisciplinary teams. In the final
step to the investigation, I will address transferring lean startup
practices to SEE curricula (RQ3.3) while proposing a model and
framework, utilizing design-based research approach [14].
Design-based research relates to educational action research and 6.2 Startup-driven SEE model
design science, but it emphasizes educational improvement. Each
iteration seeks to improve the previous artifact based on collected
empirical evidence. The evaluation of the model and framework is
outlined in Section 7. The data collected during these two parallel
investigations will be both quantitative and qualitative and be
analyzed in systematically and theoretically. For instance, a
grounded-theory approach will be used to analyze the exploratory
data, while other well-documented methods will be employed for
surveys and literature reviews [13,15].

An overview of the evolution of SE trends in SEE is presented
in Figure 2, which is taken from a more extensive literature
review of SEE trends [12]. Agile software development was the
primary SE trend investigated in SEE. Two other trends, emerging
in 2013 and 2016, respectively, are global software engineering
and lean software startups. Interest in the lean software startup SE
trend has increased since 2016.

I have identified important dimensions of lean startups in SEE
related to project-based learning—often combined with
experience-based learning—Ilean and agile practices and tools, and
multi- and interdisciplinary contexts. I have also observed a
plethora of interactions among students, educators, practitioners,
and researchers within the lean software startup trend.

I used design-based research [14] to propose a model, Figure 3,
unfolding dimensions underlying domains, sustained by empirical
evidence collected from two consecutive iterations in our
experience-based SE course at NTNU [16-21].

I propose in the model that both technical and soft skills are
critical to the success of a student team. Students’ prior
competencies are the primary source of technical skills (nodes 1
and 2); team diversity makes teaching technical skills unrealistic,
but soft skills can be taught effectively. An experience-based
course builds good team dynamics with the active participation of
teaching assistants and course leaders (node 3), while learning
outcomes are defined from the beginning so that I have a precise
understanding of the course’s team benefits (node 4).

5 Expected Contributions

With the project, I expect to produce contributions to existing
SE teaching and learning approaches and to fill gaps between
industry and academia. There is a need to expand our
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Figure 3: Our proposed startup-driven model [16].

External activity is key to developing realistic soft and project
management skills (nodes 5 and 6). Teams are to deliver a
worthwhile project (node 7) that is part of the course evaluation
(node 3) or developed further into a functional product prototype
(node 8). I observed greater interest in startup formation after the
innovation bootcamp activity (node 9). Startup formation
motivations can be amplified by (1) incentives, (2) funding, and
(3) personal motivations. The course leader should (1) incentivize
startup formation within the course, such as with networking with
external stakeholders, and (2) provide applications for local
funding opportunities.

6.3 Startup-driven SEE Framework

Our framework relies on dimensions from our previously
proposed student team-centered model [16], our growth-phase
startup research [22-26d], and opinions gathered from renowned
experts in startup education. Figure 4 provides a graphical
representation of the proposed framework characterized by its
domains, with corresponding dimensions categorized into
conceptual and practical areas. I categorized the course domains
into four distinct parts, each with corresponding dimensions. The
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Figure 4: Our proposed startup-driven framework.

domains are a consequence of studies on lean software startups for
education identified in our initial literature review [12] and
throughout our empirical investigation in growth phase software
startups. I later adopted similar approaches aggregated with our
unique course design relying on particular dimensions.
Specifically, course teaching and design perspectives are
connected tightly to students’ technical, soft, and project
management skills.

7 Research Evaluation and Dissemination Plan

The research plan is divided into two phases. The phases are
sequential, moving from a broad understanding of the research
(Phase 1 — Figure 1) toward more specific knowledge that
addresses the lean startup research gap in SEE (Phase 2 — Figure
1). The second phase is intrinsically connected to the first and
involves further empirical evaluation. I have completed Step 1 and
the empirical investigation covering Steps 2 and 3 in Figure 1. To
propose a viable model and framework, I use SE-intensive
experience-based project courses under the theoretical umbrella of
project-based learning and growth-phase startup SE practices to
enable student teams to create startups, supported by an
innovation bootcamp external activity.

To assess the validity of the proposed model and framework, 1
have collected feedback from students in another popular SE
project-based course at NTNU (Customer-driven Project). I have
also used a Delphi method to validate the dimensions defined in
the framework, relying on feedback from SE course leaders in
several institutions. To further evaluate the proposed model and
framework, I intend to conduct semi-structured interviews with
SE course leaders in various institutions and lean startup
practitioners. Lastly, I will apply the proposed model and
framework to one or more conventional SE project-based courses.

Most of the research has already been disseminated [16-22],
with 2 or 3 publications in journals such as /[EEE Access and I[EEE
Transactions on Education before June 2022.
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