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ABSTRACT

Teaching project managers involves conveying complex concepts in an accessible manner while fostering strategic thinking
and promoting problem-solving skills using specific methodologies. Additionally, continuing education requires techniques for
meaningful learning that balance theory with practice and build upon professional experience. However, unlike other software
development roles, little is understood about how software project managers (SPMs) can learn effectively. Therefore, this research
aimed to identify teaching techniques that better align with SPMs’ learning styles. Kolb’s learning styles test was administered to
27 project managers to determine their preferences in this regard. The surveyed SPMs leaned towards abstract conceptualization,
exhibiting a balance between active experimentation and reflective observation, with the thinking style best reflecting these
preferences. Building on this, some SPM-centered teaching guides were adapted from existing knowledge on teaching professionals
with Kolb's thinking learning style.
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RESUMEN

Ensenar a los gestores de proyectos implica transmitir conceptos complejos de manera accesible, fomentando el pensamiento
estrategico y promoviendo habilidades de resolucion de problemas mediante metodologias especificas. Ademas, la educacion
continua requiere tecnicas de aprendizaje significativo que brinden un balance entre la teoria y la practica y construyan sobre la
experiencia profesional. Sin embargo, a diferencia de otros roles en el desarrollo de software, existe un conocimiento limitado
sobre la manera en que los gestores de proyecto de software (SPMs) aprenden de manera efectiva. Por ende, esta investigacion
tuvo como objetivo identificar las tecnicas de ensenanza que mejor se alineen con los estilos de aprendizaje de los SPMs. Se
aplico la prueba de estilos de aprendizaje de Kolb a 27 gestores de proyecto para determinar sus preferencias en este aspecto.
Los SPMs encuestados se inclinaron hacia la conceptualizacion abstracta, presentando un balance entre la experimentacion activa
y la observacion reflexiva. El estilo thinking fue el que mejor represento estas preferencias. Con base en esto se adaptaron algunas
guias de ensenanza centradas en SPMs a partir del conocimiento existente sobre la ensenanza para profesionales con el estilo de
aprendizaje thinking de Kolb.
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de estilos de aprendizaje de Kolb
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Introduction competencies to effectively serve as professionals in the
software industry [12]. Although the teaching model based
on course objectives is a traditional standard for software
project management courses [35], key insights for SPMs
extend beyond these objectives:

A software project manager (SPM) is responsible for
leading a team of developers and ensuring that projects
are completed on time and within the desired scope.
Leadership, technical knowledge, and experience allow the
SPM to manage the team in an ever-evolving technological
landscape, and continuous education serves as an open e Determining the problem, evaluating design alterna-
door to further develop these skills. Didactic approaches tives, and using appropriate process models [9].
have been designed to meet specific academic needs [5],
and traditional software engineering curricula can benefit
from integrating specific software project management
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challenges.  Software project management education —®
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e Planning and estimating, measuring and controlling,
leading and communicating, and managing risk [11].
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e Using digital communication channels to develop
knowledge collection and sharing [2].

o Leadership, team building, human resource policies,
and project learning tools [4].

Continuous education, learning, and improvement are key
principles in software project management, which are aimed
at ensuring software success and longevity [34]. The
collaborative, complementary, sustained, and simultaneous
learning principles of continuous education for SPMs can
yield significant benefits [3], but, after all, one challenge
remains: How can a meaningful teaching and learning
process for SPMs be achieved?

For swift reference, this paper is organized as follows.
Section Context and research question presents the context,
a description of Kolb’s learning style inventory (KLSI), and
the research objectives and question. Section Related work
reviews related works in the field of SPME. Section Research
method:  survey outlines the research methodology,
including the use of KLSI to assess the learning preferences
of SPMs. Section Results presents the results of a survey
applied within the framework of this research, as well as the
identified learning style of the SPM sample, and it proposes
tailored educational strategies.  Section Experimental
validation presents the results obtained for the experimental
validation of the proposed learning strategies, which were
tested in a postgraduate course over four sessions, with
a focus on assessing their relevance for the students. In
addition, Section Threats to validity and limitations discusses
the study’s limitations and threats to validity { considering
external, internal, conclusion, and construct validity. Finally,
Sections Discussion, Conclusions, and Future Work discuss
the implications of our results for improving SPME, present
the conclusions of this work, and suggest directions for
future research, respectively.

Context and research question

The role of an SPM is multifaceted and evolves with
technological advancements and industry demands. This
profession requires a blend of organizational prowess,
strategic planning, and adept communication to oversee and
steer the development of intricate software projects. The
skills required for an SPM include:

o Adaptability to new technologies, methodologies, and
changing project requirements [27].

e Strong leadership, technical, and analytical skills, as
well as decision-making abilities, to understand and
manage the complexities of software development
projects [17,28].

e Interpersonal and communication skills for managing
teams and stakeholders and ensuring project
requirements [27,30].

o Soft skills, including negotiation, conflict resolution,
team motivation, and emotional intelligence [10, 22,
30].

The above-presented { non-exhaustive { list reveals several
challenges that can be addressed through innovative
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educational strategies for teaching SPMs and fostering
a more practical and immersive learning environment,
bridging the gap between theoretical concepts and industrial
applications. However, without clarity on the learning styles
and preferences of SPMs, the selection of these techniques
becomes a complex issue.

Regarding the educational methodology, Kolb [18] defined
the concept of learning as the process through which
knowledge is built by transforming experience: knowledge
arises from the merging of grasping and reshaping
experience. He introduced the experiential learning cycle
(Fig. 1), arecursive process finely tuned to both the learning
context and the subject under study [18].
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Figure 1. The experiential learning cycle

Learning styles delineate how individuals traverse the
learning cycle, guided by their inclination towards four
distinct learning modes [18]: experiencing (concrete
experience, or CE), reflecting (reflective observation, or
RO), thinking (abstract conceptualization, or AC), and
acting (active experimentation, or AE). However, over time,
empirical and clinical research has demonstrated that these
initial four learning modes can be further elaborated into
a nine-style typology [18] known as Kolb’s learning style
inventory (Fig. 2).
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Figure 2. The learning styles in KLSI

KLSI expands upon the original model by establishing the
nine learning modes detailed below.



o Initiating. Defined by the capacity to take action
in response to experiences and situations, this style
involves both AE and CE.

o Experiencing. Marked by a deep engagement with
experiences to derive meaning, this style combines
CE while balancing both AE and RO.

¢ Imagining is characterized by the ability to envision
possibilities through observation and reflection on
experiences, blending CE with RO.

o Reflecting.  Distinguished by the ability to link
experiences with ideas through extended reflection,
this style integrates RO with both CE and AC.

o Analyzing is characterized by the ability to structure
and systematize ideas through reflection, combining
RO with AC.

o Thinking. Defined by the capacity for focused,
abstract, and logical reasoning, this style uses AC
while balancing both AE and RO.

e Deciding. Defined by the ability to use theoretical
models and frameworks to make decisions and
determine courses of action, this style combines AC
with AE.

e Acting. Characterized by a strong drive for goal-
oriented actions that integrate both people and tasks,
this style emphasizes AE, with a balance of CE and AC.

e Balancing. Defined by adaptability, this style involves
weighing the benefits of action vs. reflection, as well
as experience vs. thinking. It balances all four learning
modes: CE, AC, AE, and RO.

Considering the skills required and the conceptual model
presented by KLSI, software engineering education (SEE)
stands to benefit from identifying the predominant learning
style among SPM practitioners. This approach can help
to align instructional methods with the preferred learning
styles, thereby enhancing skills development. Therefore,
our objective and its corresponding research question are as
follows:

Research objective. To identify the predominant learning
styles among SPMs using KLSI and propose tailored
educational strategies that align with these preferences. By
understanding how SPMs learn, we aim to bridge the gap
between theoretical knowledge and practical application,
thereby enhancing the effectiveness of training programs
in SEE.

Research question. In a given sample of SPMs, what are
the common teaching and learning preferences?

Rationale. ~ Understanding the learning and teaching
preferences of SPMs allows educators to develop tailored
activities and strategies that effectively meet unique needs
and learning styles within a given practitioner group.

Why Kolb’s model? Kolb’s experiential learning theory
(ELT) was chosen for this study due to its comprehensive
framework, which bridges learning styles with practical
application.  This is essential for SEE. While other
models (e.g.,, VARK* or Honey-Mumford') focus on
specific aspects related to learning preferences |such as
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sensory modalities or adaptations of Kolb’s framework |
Kolb’s model emphasizes a cyclical process of learning
through experience, reflection, conceptualization, and
experimentation.  This iterative approach aligns closely
with the dynamic and practical nature of software project
management, where professionals must continuously adapt
theoretical concepts to evolving project environments.
Moreover, KLSI offers an empirically validated tool [18] to
categorize learning preferences, providing a strong basis
for designing educational strategies tailored to engineering
roles.

Related work

The continuous evolution of software development
techniques demands skilled project managers [1]. In
higher education, graduate and post-graduate curriculum
guides have been developed to meet industry demands,
emphasizing the need for better software project
management skills [6].  New teaching models based
on professional certification within engineering education
can improve the achievement of course objectives and
the overall training of software engineering professionals
[35]. Additionally, the use of e-learning platforms and
digital communication channels can enhance the continuous
improvement of project managers’ competencies, reducing
onboarding time and improving performance [2].

In the industry, SPMs must master both management and
technical skills to effectively lead and control software
development projects [17,24]. A systematic review of
SPME highlights the need for the continuous evaluation
and improvement of teaching methods and tools to
ensure quality education and meet industry demands
[12]. In terms of teaching methods, serious games
can effectively teach software engineering and project
management concepts, engaging students in a dynamic
and safe learning environment [6]. Iteratively refined
courses that include evidence-based readings, quizzes, in-
class activities, and ambitious projects can address common
challenges in teaching software project management [25].
Additionally, tools like ProMES are used to train project
managers on basic techniques such as CPM, PERT, and
RACI, enhancing their understanding through pedagogical
approaches [16]. Furthermore, project management
software packages can reduce issues related to management
and control in educational software projects [33].

In summary, the effective teaching of software project
management necessitates a blend of methods and interactive
learning tools. Despite this, there is limited evidence on the
impact of learning styles on practitioners in SEE, pointing
to a critical gap in enhancing educational strategies. While
previous research has explored various aspects of SPME,
most studies focus on general methodologies or specific
pedagogical tools without addressing participants’ individual
learning preferences.

*The VARK model (visual, aural, read/write, kinesthetic) assesses four
sensory modalities that people use to learn.

*The four different ways in which people prefer to learn that Honey and
Mumford have identified relate to a different stage in the learning cycle.
These are the Activist, the Reflector, the Theorist, and the Pragmatist.
In this model, Mumford and Honey describe the learning styles as a
continuum that one moves through over time.
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For instance, [12] conducted a systematic review of teaching
methods in project management education but did not
examine the role of learning styles in their effectiveness.
Similarly, [25] proposed an iterative course based on
theoretical objectives but lacked adaptation to specific
learning styles.

Our work advances this field by applying KLSI to identify and
characterize the predominant learning style among SPMs.
This allows designing evidence-based educational strategies
that align with their preferences, incorporating both practical
and theoretical approaches. Unlike studies such as [20],
which highlight the absence of learning style integration in
engineering education, our research incorporates learning
preferences and teaching strategies to enhance SPM training
programs.

Research method: survey

This section summarizes the survey employed as our
research method, its implementation, its inclusion and
exclusion criteria, its underlying assumptions, and the profile
of its participants.

Kolb’s learning style test survey

To guide our research, we drew upon insights from [29]
and [13] regarding survey application and results analysis.
Given the nature of our study, we utilized the KLSI test
for data collection. This test comprises 12 sentence
completion questions (Table 1), where participants rank
provided suffixes on a scale of 1 to 4, with 4 indicating
the highest preference.

Table 1: Kolb’s test applied

PREFIX SUFFIX
| prefer to rely on my sensations and feelings
Q1. | prefer to look and pay attention
When | - -
learn. .. | Iprefer to think about ideas
| prefer to do things
Q. I I trust my hunches and feelings
learn | listen and observe carefully
b(ZSt I trust my logical thoughts
When--- 1" work hard to get things done
Q3 I have strong feelings and reactions
Wh;en I am reserved and calm
I am | | seek to reason about things that are
learn- happening
ing. .. : -
| feel responsible for things
Feelings
Q4. 1| Observations
learn -
through. .|. Reasoning
Actions
I am open to new experiences
Q5. Continued on next page
When |
learn. ..
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Table 1: Kolb’s test applied (Continued)

| take into account all related aspects
| prefer to analyze things by breaking them
down into their component parts
| prefer to do things directly
Qé6. I am an intuitive person
When I am an observant person
/ am -
learn- I am a logical person
ing. .. I am an active person
Relationships with my peers
Q7. | p Y P
learn Observation
best Rational theories
through. .\
& The practice of the topics covered
| feel involved in the topics covered
Q8. | take my time before acting
When I | | prefer theories and ideas
learn. ..
| prefer to see the results through my own
work
| rely on my intuitions and feelings
Q9. 1| rely on personal observations
learn - -
best | take into account my own ideas about the
when. .. | subject matter
| personally try out the task
Q1o. I am open-minded
When I am a reserved person
/ am -
learn- | am a rational person
ing... I am a responsible person
| get involved
Q11. | prefer to observe
When | -
learn. .. | ! prefer to evaluate things
| prefer to take an active attitude
| am receptive and open-minded
Q12. P P
| learn | 1 am careful
best | analyze ideas
when. .. -
| am practical

The test structure facilitates the assessment of participants’
inclinations toward each of the four learning modes and
allows categorizing each individual into a specific learning
style [18].

Inclusion/exclusion criteria

Our research established the following inclusion/exclusion
criteria for the participants:

Inclusion criteria. To qualify for the study, the respondents
had to meet the following criteria:

o Hold the position of SPM within the industry.

e Have no prior experience with the KLSI test.



Exclusion criteria. To minimize potential biases, individuals
would be deemed ineligible for participation if they met any
of the following criteria:

o lLack of proficiency in reading English or Spanish.

o Work directly with any of the researchers.

Assumptions.
assumptions:

Our research was based on the following

e Assumption 1. The KLSI test, designed for
adults, applies to professionals without necessitating
adjustments or modifications.

o Assumption 2. The sample will offer comprehensive
insight into learning styles, thereby facilitating the
identification of representative trends.

Test execution

For our research, the execution of the survey considered the
following aspects:

Test administration. The test was conducted with voluntary
participation and anonymously collected responses.
Invitations were distributed to 83 individuals currently
employed as SPMs through professional networks, inviting
them to participate in the study. The participants were
provided with a link to access.

Characterization of the survey sample. The test was
administered over 60 days, from the second week of January
2024 to the first week of March 2024. Ultimately, a
sample of 27 participants who met the criteria was obtained,
representing individuals from Chile, Costa Rica, Argentina,
Colombia, and Spain. From the total number of invitations
sent, 27 individuals completed the survey, representing a
response rate of 32.5%. The distribution of participants by
country is as follows:

o Chile: eight participants (29.6%)

e Costa Rica: six participants (22.2%)

Argentina: five participants (18.5%)

Colombia: four participants (14.8%)

Spain: four participants (14.8%)

This distribution reflects the participation rate by country,
with Chile representing the largest proportion of the sample.

Results

This section presents the results of the applied survey,
indicating the learning modes and characterizing the learning
style of the SPMs. It provides appropriate teaching/learning
strategies to serve as a baseline for educators and
researchers in SEE.
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Table 2. SPM sample { learning modes score

Experience | Total _CE | Total RO | Total AC | Total_AE
Junior 20 29 35 36
Mid-senior 25 34 31 30
Mid-senior 23 35 28 34
Senior 21 30 36 33
Senior 26 44 27 23
Senior 20 36 40 24
Senior 24 40 27 29
Senior 21 34 35 30
Senior 26 25 40 29
Senior 22 30 36 32
Senior 27 33 33 27
Senior 22 32 40 26
Senior 25 21 34 40
Senior 22 38 26 34
Senior 19 38 39 24
Senior 31 19 25 45
Senior 32 26 37 25
Senior 22 21 33 44
Senior 21 33 37 29
Senior 36 34 27 23
Senior 20 30 39 31
Senior 21 23 33 43
Senior 31 27 29 33
Senior 23 40 30 27
Senior 34 19 37 30
Senior 24 34 40 22
Senior 26 25 37 32

SPM sample and representativeness

The SPM group, consisting of 27 respondents, included
1 junior, 2 mid-senior, and 24 senior practitioners. The
test results for each individual are presented in Table 2.
To determine the validity of the mean as a representative
measure of each learning mode for the sample, we
employed the Student’s t-test [31] and defined the following
hypotheses:

Hy — The mean of each learning mode is not representative
of the SPM samplet.

H; — The mean of each learning mode is representative of
the SPM sample.

According to Student’s t-distribution table (two-tailed),
with a significance level of 0.05 (corresponding to 95%
confidence) and 26 degrees of freedom (27 — 1 = 26), the
critical value for the sample is +2.056. Utilizing the scores
from Table 2, and taking the median as our hypothetical
population mean, Table 3 presents this reference value
alongside the sample mean and the standard deviation.

Table 3. Mean, median, and standard deviation of the sample

CE RO AC AE
Mean 24.59 | 30.74 | 33.74 | 30.93
Median 23.00 | 32.00 | 35.00 | 30.00
Standard deviation | 4.58 6.75 4.88 6.38

To determine the t-statistic value of each learning mode, the
following formula is employed:

By representative of the sample, we imply that the mean accurately
reflects the central tendency of the sample’s learning modes.

INGENIERIA E INVESTIGACION 45(1) 5



UNDERSTANDING How SOFTWARE PROJECT MANAGERS LEARN USING KOLB’S LEARNING STYLE INVENTORY

where

e ¥ represents the sample mean,

e u represents the hypothetical population mean
(median),

e s represents the sample standard deviation, and

e 1 represents the sample size.

The results of the t-statistic value for each mode are shown
in Table 4.

Table 4. T-statistic value for each learning mode

Learning mode t-statistic value
Concrete experience (CE) 1.80
Reflective observation (RO) -0.97
Abstract conceptualization (AC) -1.34
Active experimentation (AE) 0.75

Finally, since the statistical value of each learning mode falls
within the acceptance interval determined by the critical
value of Student’s t-distribution (+2.056), the Hy hypothesis
is rejected, and H; is accepted. This indicates that the
sample mean is representative of each learning mode in
the sample.

Learning style of the SPMs

Based on the results of the Student’s t-test, and considering
the sample mean as a representative measure of the
population for each learning mode, it can be stated that
the AC mode shows the highest inclination, suggesting a
preference for theoretical analysis. However, there is a
balance between AE and RO, indicating that the SPMs also
have a strong inclination towards the practical application
of learning and towards considering different perspectives
before taking action. CE indicates a preference { though
less pronounced when compared to the other modes { for
learning through practical experiences. Overall, while the
modes are not entirely balanced, there is a notable presence
in all four modes, leading SPMs to be categorized under the
thinking learning style, as depicted in Figure 3.

The thinking learning style

The thinking learning style emphasizes AC while maintaining
a balance between AE and RO. This style is characterized
by a strong capacity for disciplined engagement in abstract
reasoning, mathematics, and logic [18]. Individuals with
the thinking style typically enjoy working with numbers
and engaging in mental activities that require abstract
reasoning and analytical skills. They often prefer to work
with quantitative rather than qualitative information [18].
Moreover, they excel in planning and goal-setting, tend
to express emotions in a controlled manner, and prefer
precise and concise communication [18]. The learning
strengths of individuals with the thinking style include
logical analysis, rational decision-making, and proficiency
in analyzing quantitative data.
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Figure 3. SPMs learning style characterization

Learning preferences and teaching strategies for SPMs

Individuals with the thinking style learn best in well-
structured learning environments that feature clear
directions and defined learning agendas. They thrive in
settings where they can design experiments, manipulate
data, or engage in abstract reasoning [18]. However, they
typically prefer to work independently and require ample
time to contemplate ideas thoroughly, which can pose
challenges in collaborative settings and in remaining open
to new ideas [18].

Learning preferences

This subsection explores the main learning preferences of
the SPMs within the context of the thinking learning style
from KLSI and its application in the software industry.

Analysis and reflection. SPMs tend to prefer detailed
analysis and reflection on problems and solutions. To cater
to this preference, consider the following:

e case study analysis,
e study of past project successes and failures, and

o reflective discussions on various software develop-
ment approaches and methodologies [20].

Modeling and conceptualization. Creating models and
conceptualizing abstract ideas are essential for SPMs in
software processes. To meet these preferences, consider

e visualizing concepts using flowcharts and UML [19]
and

e software process modeling using BPMN tools [32].

Problem-solving and critical thinking. SPMs often enjoy
intellectual challenges and exercises that allow them to
utilize their critical thinking and problem-solving skills. To
cater to this preference, consider:



e complex case studies requiring deep analysis,

e problem-solving debates on controversies in the
software industry [7], and

e practical exercises from the SPM perspective to
identify and resolve software development issues.

Experimentation.
research and practical experimentation.
preference, consider

SPMs often prefer learning through
To address this

e practical projects for comparing methodologies and

e laboratory environments for experimenting with
various tools and software development techniques
[15].

Learning strategies

This subsection outlines the recommended teaching
techniques/strategies for SPMs featuring the thinking
learning style [18].

Problem-based learning (PBL). This technique involves
presenting students with complex problems related to
software development and guiding them through the
problem-solving process. The expected learning outcome
is to develop critical thinking and problem-solving skills by
applying theoretical concepts in practical situations [23].

Collaborative learning. Given the learning challenges
associated with the thinking style and the collaborative
nature of an SPM’s work, fostering collaboration among
students through group projects and class discussions
can be highly beneficial. The expected learning outcome
involves sharing knowledge and experiences and fostering
teamwork to collectively tackle complex challenges [14].

Experiential learning. A valuable strategy for SPMs
includes gaining practical experience through projects and,
ideally, internships in related industries. The expected
learning outcome, particularly from internships, aims to
apply theoretical knowledge in practical, unfamiliar settings,
in addition to developing adaptability skills [8].

Case studies and simulations. Utilizing real case studies
and simulations of software projects helps students to
understand the complexities and challenges of software
development in practical contexts. The expected learning
outcome focuses on analyzing successful and failed cases in
the software industry to derive lessons on best practices, as
well as on the pitfalls to avoid [26].

Summary. Based on the identified learning styles of the
sampled SPMs, Table 5 summarizes the key learning
preferences observed, along with the teaching strategies
recommended to enhance their learning experience,
considering the learning mode to be strengthened.
Furthermore, this study highlights the learning preferences
of SPMs and proposes tailored educational strategies
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to optimize their development. Notably, PBL and
collaborative learning emerge as particularly effective
approaches for SPMs, given their inclination towards AC
and AE. These strategies foster critical thinking, problem-
solving, and teamwork, which are essential skills for effective
project management in the software industry. Table 6
provides a summary of these strategies and their expected
outcomes in terms of skills development. Based on
the learning preferences identified herein, we recommend
the integration of PBL and collaborative learning as core
pedagogical strategies. These strategies align well with the
learning style of SPMs, promoting the acquisition of key
project management skills.

Experimental validation

To validate the effectiveness of the proposed learning
strategies, we conducted an experimental application
[13] within a postgraduate course on software project
management. The aim was to assess how strategies such
as PBL, collaborative learning, and case study analysis could
enhance student engagement and learning. The experiment
involved 16 students who voluntarily participated in the
experience. These strategies were designed to align with
the learning preferences identified through KLSI, particularly
focusing on students who exhibited a preference for AE
and RO. By integrating these strategies into the course, we
aimed to engage students whose learning styles were most
conducive to these interactive, collaborative, and hands-on
approaches. The effectiveness of the learning strategies
was explored throughout these sessions, allowing for an
assessment of both engagement and learning outcomes.

Experimental setup

The experiment took place over four sessions in the
postgraduate course. Atotal of 16 students voluntarily chose
to participate in this experience, and they were randomly
divided into two groups:

e Experimental group (eight students). These
individuals engaged in learning activities based on the
proposed strategies.

e Control group (eight students). These individuals
participated in traditional lecture-based learning with
no integration of the experimental strategies.

Session details

The experiment consisted of three main sessions, followed
by a fourth session to gather feedback from the students.

1. Session 1: problem-based learning (PBL)

o Experimental group. The students were given a
real-world project failure scenario and worked
in teams to identify the causes and propose
recovery solutions.

e Control group.  The students attended a
lecture on risk management and were assigned
individual readings about the common causes of
project failure.

2. Session 2: collaborative learning

INGENIERIA E INVESTIGACION 45(1) 7
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Table 5. Summary of the SPMs’ learning preferences and recommended pedagogical strategies

Learning mode

Recommended pedagogical strategy

Concrete experience

Practical projects, laboratory environments, experiments comparing methodologies

Reflective observation

Case study analysis, reflective discussions on project approaches and methodologies

Abstract conceptualization
development

Theoretical analysis, conceptual modeling tasks, problem-solving debates on software

Active experimentation

development

Practical exercises to apply methodologies and real-time problem-solving in software

Table 6. Key educational strategies and their expected outcomes

Educational strategy

Expected learning outcome

Problem-based learning (PBL)

Enhances critical thinking, problem-solving skills, and the ability to apply theoretical
knowledge in practical settings.

Collaborative learning

Fosters teamwork, communication skills, and the ability to tackle complex problems
through group discussions and shared knowledge.

o Experimental group. The students worked in
pairs to develop a project plan for a new
software product, including its scope, timeline,
and resource management. They then presented
their plans to the class for feedback.

o Control group. The students worked individually
to create a project plan based on theoretical
readings, which they then submitted for review.

3. Session 3: case study analysis

o Experimental group. The students analyzed the
case of a software project and discussed the
factors that contributed to its success. They
applied these lessons to their project plans
developed in Session 2.

e Control group. The students read a case study
individually and summarized the key points.
This was followed by a brief group discussion.

4. Session 4: feedback and survey.  After the
completion of the activities, all students completed
a survey to express their opinions on the learning
strategies used during the sessions. The results were
then explained to the students in a follow-up session,
where they discussed their experiences and provided
further insights into their perceptions of the activities.

Survey and results

After completing the activities, all 16 students filled out a
survey to provide their opinions on the learning strategies
used during the sessions.  The survey consisted of
five questions designed to assess student engagement,
satisfaction, and the effectiveness of the learning activities.
The questions were:

1. How engaged did you feel during the activities?
o 1 (Not engaged) to 5 (Very engaged)

2. How useful did you find the learning activities for
developing project management skills?

o 1 (Not useful) to 5 (Very useful)
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3. To what extent do you think the learning activities
helped you understand project management
concepts?

e 1 (Notatall) to 5 (A great deal)

4. How confident are you in applying the strategies
learned during the activities to real-world projects?

o 1 (Not confident) to 5 (Very confident)

5. Overall, how satisfied are you with the learning
activities in this course?

e 1 (Not satisfied) to 5 (Very satisfied)

The average survey results (Table 7) are divided into two
groups: the experimental group and the control group.

The survey results indicate that the experimental group,
which participated in the activities designed with PBL,
collaborative learning, and case study analysis, reported
significantly higher levels of engagement, usefulness,
and satisfaction compared to the control group. The
experimental group also showed greater confidence in
applying the strategies learned during the course. In
contrast, the control group, which followed traditional
lecture-based learning, reported lower satisfaction and
engagement levels.  This suggests that the interactive
and practical nature of the activities implemented in the
experimental group had a more positive impact on their
learning experience.

These results align with the learning preferences identified
through KLSI in the previous study. The experimental group,
which likely exhibited preferences for AE and RO (common
traits for the thinking learning style), benefited from the
hands-on, collaborative, and case study-based strategies.
These strategies are well-suited for learners who prefer to
engage in practical activities and analyze outcomes through
reflection and collaboration. On the other hand, the control
group, which received traditional lecture-based instruction,
may not have fully engaged with their preferences, leading
to lower levels of satisfaction and engagement.

Threats to validity and limitations

This section discusses the potential threats to the validity
of our study and outlines how they were mitigated. We
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Question Experimental group | Control group
Engagement level 4.625 2.250
Usefulness of learning activities for project management skills 4.750 3.125
Effectiveness in understanding project management concepts 4.875 2.625
Confidence in applying strategies to real-world projects 4.625 2.375
Overall satisfaction 4.875 2.375

followed the standard categories: conclusion, internal,

construct, and external validity.

Conclusion validity

Conclusion validity examines whether the observed
relationship between the treatment (KLSI) and the results
(the identified learning styles and educational strategies)
is statistically significant. The use of the Student’s t-test,
with a confidence level of 95%, ensures the robustness of
the conclusions. While the sample size of 27 participants
limits the detection of smaller effects, the statistical methods
employed mitigate this threat and provide a solid foundation
for the findings.

Internal validity

Internal validity aims to determine whether the relationship
between the treatment and the outcome is causal.
Potentially confounding variables, such as the participants’
prior exposure to management training or cultural
influences, were minimized by ensuring that the
respondents had no prior experience with KLSI. Additionally,
the consistency in the responses across participants
supports the causal interpretation of the findings.

Construct validity

In this case, construct validity focused on whether KLSI
accurately captured the theoretical constructs it aimed to
measure. The KLSI is an empirically validated tool for
identifying learning styles in adults, making it suitable for
this study. Although the tool was not specifically tailored to
SPMs, its broad applicability ensures reliable measurement.

External validity

External validity examines the extent to which the results
of this experimental study can be generalized beyond
the specific sample to other contexts, populations, or
learning environments. In this experiment, the learning
strategies, i.e., PBL, collaborative learning, and case study
analysis, were tested in a postgraduate SPM course with
16 volunteers. While this experiment was conducted in
a controlled setting with a specific group of postgraduate
students, the strategies used are expected to have broader
applicability in similar educational contexts, particularly in
learners whose preferences align with active and experiential
learning styles, as identified through KLSI.

The experimental design, which incorporated interactive,
collaborative, and hands-on activities, was well-suited for
students with a preference for AE and RO. Given that these
strategies are grounded in active learning principles, they
can likely be applied in other postgraduate or professional

development programs in SPM and other related fields,
particularly those focused on developing both technical and
soft skills.

However, the study’s external validity is somewhat limited
by the specific demographic of the sample, which comprised
only 16 students from a particular academic background
and geographic region. Although the diverse backgrounds
and professional experiences of the participants allowed for
a broad exploration of the strategies’ effectiveness, future
studies could enhance generalizability by including larger
samples that also stem from different academic settings or
industries. For example, expanding the sample to include
students from other engineering disciplines or professionals
with varying levels of experience in project management
could provide further insights into the applicability of these
strategies in different contexts. Additionally, replicating the
experiment in other cultural or geographic regions could
help to determine whether these strategies are equally
effective across diverse educational systems.

The successful application of the proposed strategies in
this experimental context suggests that they could be
adapted and implemented in various educational and
professional development settings, but further, more diverse
research is needed to fully assess their applicability in other
environments.

Limitations

While this study provides valuable insights, certain

limitations should be acknowledged:

e Sample size. The relatively small sample size limits the
detection of subtler effects. However, the identified
patterns are consistent and meaningful.

e Geographical scope. The participants were
predominantly from Spanish-speaking countries,
which may affect applicability to other cultural
contexts.

o Self-reported data. The reliance on self-assessment in
KLSI may introduce minor biases, although the tool’s
design minimizes this risk.

By addressing these threats and limitations, this study
provides a robust foundation for understanding the learning
styles of SPMs and offers an adaptable framework for diverse
educational contexts.

Discussion

This article explored the use of Kolb’s test to determine
the learning style that best represents a sample of SPMs
according to KLSI [18]. Our research revealed that SPMs
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tend to have a strong preference for theoretical analysis
and the practical application of concepts, with a particular
inclination towards AC and AE, as well as a balance
between RO and CE. This suggests that this group of SPMs
leans towards the thinking learning style. A statistical
analysis showed that this result is representative of the
sample. Thus, it is understood that SPMs consider multiple
perspectives before making decisions [2], implying the need
for an educational approach that combines theoretical and
practical methods [16, 33].

The findings of this study on SPMs’ learning styles,
particularly their inclination towards the thinking learning
style, align with the specialized literature, which emphasizes
the importance of both technical and management skills in
effective project management [17,24]. The emphasis on AC
as a dominant learning mode among SPMs corroborates the
notion that project managers benefit from strong analytical
and problem-solving skills, as supported by studies such
as [12] and [35].

Moreover, our research expands the current understanding
by incorporating KLSI, highlighting a specific need for
tailored educational strategies that address the unique
learning preferences of SPMs. This finding aligns with the
work of [17], which underscores the necessity of continuous
improvement in teaching methods to meet industry
demands [25]. Additionally, the balanced representation
of RO and AE in our sample indicates a versatile learning
approach, which is important for adapting to the dynamic
nature of software project environments [6].

On the other hand, and contrary to the limited evidence on
the consideration of learning styles in SEE [20], our results
provide empirical support for the integration of learning
style-based strategies.  This is particularly relevant for
enhancing the pedagogical approaches used in SPM training
programs, as suggested by [16]. Our findings suggest that
incorporating varied teaching methodologies, such as PBL
and collaborative learning, can better cater to the diverse
learning preferences observed among SPMs, thus potentially
improving the efficacy of SEE programs [33].

Furthermore, the importance of practical experiences and
hands-on learning, as indicated by the significant scores
in the AE mode, aligns with previous research advocating
for experiential learning in SEE [15]. This study not only
reaffirms the value of such approaches but also emphasizes
the need for educational curricula to evolve continually to
accommodate the changing requirements of the software
industry [12].

Addressing this gap could lead to optimized educational
strategies and teaching methods adapted to the specific
needs of SPMs [16,33]. In this vein, we suggested a
set of strategies that align with the identified learning
preferences. These strategies include PBL, collaborative
learning, experiential learning, and case studies. Their
effectiveness was experimentally validated, with the
experimental group achieving higher levels of engagement
(4.625 vs. 2.250), perceived usefulness (4.750 vs. 3.125),
and overall satisfaction (4.875 vs. 2.375) compared to the
control group. These results support the implementation of
these techniques to foster a more dynamic and adaptable
learning environment that better responds to the current
challenges of the software industry [1].
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In summary, this research offers insights that can enhance
the design and implementation of SEE programs. The
alignment of our findings with the existing literature supports
the need for an interdisciplinary approach that integrates
both technical and managerial training, tailored to the
specific learning preferences of SPMs. Future research could
further explore the impact of these educational strategies on
the performance and career development of SPMs, thereby
contributing to a more robust and responsive educational
framework in software project management.

Conclusions

In this article, Kolb’s test was used to identify the
predominant learning styles in a group of 27 software
project managers based on Kolb’s learning style inventory.
The results revealed a strong preference for theoretical
analysis and the practical application of concepts, with a
particular inclination towards abstract conceptualization and
active experimentation. Additionally, a balance was noticed
between reflective observation and concrete experience,
suggesting that these SPMs lean towards the thinking
learning style.

A statistical analysis, conducted using Student’s t-test,
demonstrated that the results are representative of the
sample with a 95% confidence interval. This validates
the robustness of our conclusions and suggests that the
results could be generalized (with a larger sample) to
a broader population of SPMs, at least within Spanish-
speaking contexts.

Moreover, the geographical diversity of the participants
reinforces the reproducibility of our findings, indicating
that the identified learning preferences are not significantly
influenced by the geographical location of the SPMs. The
use of neutral prefixes in the KLSI test also helped to mitigate
potential biases in the responses, ensuring the objectivity of
the results.

Based on these findings, it could be argued that an
educational approach combining theoretical and practical
methods can improve the training of SPMs by aligning with
their learning preferences. In this vein, strategies such as
problem-based learning, collaborative learning, experiential
learning, and the use of case studies and simulations are
recommended. Implementing these strategies will not only
improve the effectiveness of SPM training but also foster
a more dynamic and adaptable learning environment that
is better able to respond to the current challenges of the
software industry.

In summary, this study not only provides a detailed insight
into the learning preferences of SPMs; it also offers a
practical framework for optimizing educational strategies in
software project management. The findings are statistically
significant and reproducible, underscoring the relevance and
applicability of the results in educational and professional
practice.

Future Work

For future work, we plan to expand the sample size and
include a more diverse group of SPMs to validate the
generalizability of the learning preferences identified in this
study. Additionally, we aim to conduct intervention-based
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research to implement and evaluate specific educational
strategies such as PBL and collaborative learning, providing
empirical evidence of their effectiveness in enhancing SPM
training and project management performance, with a
particular focus on their integration into frameworks like
PMBOK or Agile.
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