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ABSTRACT

The global Information Technology (IT) market was valued at ap-
proximately $3,110 million in 2022, marking a 7.4% increase over
the previous year. Of this total, around 56% pertained to the soft-
ware and services sector. This growth poses a global challenge for
IT organizations due to a significant gap between the increasing
demand for IT skills and the availability of qualified professionals.
Currently, about 87% of organizations worldwide are experiencing
the effects of this skills gap, hindering business operations. Tradi-
tional undergraduate computing programs often require more time
than the current market demands can afford. To address this issue,
universities and companies are developing innovative educational
strategies. Our goal is to share the experience of implementing
four distinct cases, three in Brazil and one in Norway, so that other
universities and companies can adopt similar strategies to alleviate
the IT skills shortage. Therefore, this paper presents strategies for
the preparation of IT professionals to mitigate the impacts of the IT
labor shortage. Each case includes an experience report on the con-
text, structure, benefits, hard and soft skills developed, and lessons
learned. Finally, we summarize the contributions of these four cases
by reflecting on their differences and similarities, followed by a
summary of the strategies that proved effective in collaborating
with companies.
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1 INTRODUCTION

In 2022, the global Information Technology (IT) market reached a
value of approximately 3,110 million dollars. Of this amount, around
56% is attributed to the software and services market, indicating
a growth of 7.4% compared to the previous year [13]. To support
this growth, an increasing and unmet demand for people qualified
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in technology has been a challenge for businesses [20]. The tech-
nology skills gap is already impacting around 87% of organizations
worldwide, i.e. the shortage of qualified people in technology is
hampering the running of businesses [27].

The Winter 2022 Fortune/Deloitte CEO Survey [16] revealed that
approximately 71% of CEOs worldwide consider the shortage of
professionals with specific skills to be the most significant business
disruptor. The Fall edition of the same survey [15] shows that 94% of
executives believe the IT workforce crisis is even more critical when
it involves specialized positions. Many companies expect ready-
to-work professionals that meet an extensive list of requirements,
but this expectation often diverges from reality [8]. In Software
Engineering, there is a demand for high-quality professionals, and
this appears to be one of the causes of the shortage in the field [21].

In the Brazilian context, a study by BRASSCOM (Association
of Information and Communication Technology and Digital Tech-
nology Companies) forecasts that there will be a gap of more than
797,000 job vacancies without qualified labor by December 2025.
This same study also pointed out that universities country-wide had
the capacity to graduate about one-third of this expected number,
hence the concern with an eminent IT shortage [6].

Cico et al [12] argues that while Software Engineering Educa-
tion has made significant progress in preparing students for their
careers, this alone does not solve the overall problem of having too
few IT professionals worldwide. Regular undergraduate computing
courses take an amount of time that does not align with current
needs, and project scenarios are often oversimplified, lacking corre-
spondence to real-world projects. Additionally, as industry demands
constantly change, higher education institutions are challenged to
respond promptly to both current and future demands [24].

Currently, it takes an average of 66 days to fill a technology-
related vacancy. According to the U.S. Bureau of Labor Statistics,
software development will face the challenge of around 200,000
hard-to-replace vacancies every year. Contributing factors to this
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challenge, as outlined by Lehoufa [25], include the increasing num-
bers of retiring developers, unequal and limited access to Computer
Science education, the “great resignation” related to the Covid-19
pandemic, skills mismatch between academia and industry, and
immigration disruptions.

In addition, as described by Dong et al. [17] considering external
factors such as the rapid development of technologies in the IT
sector and the dynamism of the job market, employers are really
actively seeking students with up-to-date knowledge, the ability
to use new technologies, and transferable skills. Our future IT
professionals, who are currently students, need to witness and
experience the complexity and challenges inherent in developing
real-world applications.

To address these challenges, universities and companies are col-
laborating and developing innovative educational approaches. This
paper presents four different cases to enhance the preparation of IT
professionals and minimize the impacts of what has become known
as the IT labor shortage. The described cases showcase the hard
and soft skills developed during the programs, along with their
strategies, related benefits and lessons learned. These cases can
assist other universities and companies in implementing initiatives
to overcome the professional shortage.

The remainder of this paper is organized as follows. Section 2
outlines the educational cases which result of industry-university
collaborations. Section 3 engages in a discussion on the cases rel-
evance. Finally, Section 4 concludes the paper with a summary,
limitations, and directions for further research on the topic of our
experience.

2 CASES

In this section, we describe each case by providing its context,
course structure, benefits, and lessons learned. A summary of the
cases and strategies is also presented.

2.1 AGES

Context. Pontifical Catholic University of Rio Grande do Sul
in Brazil founded the Software Engineering undergraduate course
in 2014 based on two-folded reasons. First, the university is sur-
rounded by an innovation ecosystem mainly focused in IT-based
startups. The on-campus Technology Park, TECNOPUC, with over
7 thousand job positions and 1,200 companies, encourages the syn-
ergy between academia and industry in software engineering edu-
cation and training. IT companies often seek for help to organize
or support on-boarding and on-the-job training of novice software
engineers, to design and deliver continuing education programs to
keep senior software engineers up-to-date with new technologies,
and also to design and offer extra-curricular training of software
engineering students such as industrial hackathons and bootcamps.
Second, it was also created as a response to the challenges identified
by the Brazilian Federal Government report, [6] aforementioned.

The Software Engineering undergraduate course aims to gradu-
ate professionals with solid knowledge in Computing, Mathematics
and Production, capable of developing software to solve complex
problems, capable of analyzing and selecting technology, prepared
to integrate software solutions, and able to identify new business
ideas and develop innovative software-based solutions. The course
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was designed inspired on the ACM 2005 Computing Curricula [35]
and on the national-wide Software Engineering reference curricula
and guidelines [38]. It is composed of 8 terms organized into 4 years
of study, and of 30 hours of classes a week.

Among the diverse pedagogical strategies adopted in the course
design, such as integration with the Computer Science Gradu-
ate Program, remote classes and 120 hours of mandatory extra-
curricular activities (including internship, research assistant ship
and scientific conference attendance), there is the Experimental
Agency in Software Engineering, called AGES from hereon.

Program Structure. AGES main goal is to provide the Soft-
ware Engineering undergraduate students with the opportunity to
experience situations similar to those ones lived by industry IT pro-
fessionals, such as working in teams, delivering software on-time
with quality, and managing conflicts. The students work in groups,
supervised by a teacher, to develop a functional prototype to cus-
tomers. Candidate customers attend a call for projects managed
by the AGES coordinator, a senior Software Engineering professor
with almost 20 years of experience in industry as a project manager.
Project proposals can vary from software development to support
organizational process improvement, software evolution, devel-
opment of new ideas, and proof of concept. Projects are selected
based on the complexity of the expected solution, availability of the
stakeholders, and awareness that the delivery is not a commercial
product but rather a functional prototype that will allow the stu-
dents to put in practice their theoretical learning. Once the project
is selected, the AGES coordinator and the architect (a full-time hired
professional) together conduct a Design Sprint session to elicit the
intended scope and candidate user requirements. Each project has
the duration of an academic term (4.5 months) and follows a Scrum-
like development framework organized into 15-days long sprints.
Teams are comprised of 10-15 students, often self-organized into
two squads (cross-functional teams responsible for a certain fea-
ture or set of features) [23]. Each project team includes students
from the 4 expected roles: unitary and functional tester, developer,
developer leader and/or software architect, and Scrum master. Each
role is played by a student enrolled in one of the 4 Agency courses.
For instance, a student playing a software architect role needs to
be enrolled in the AGES course level 3, a third year course. These
roles were defined intending to promote that the student puts into
practice the knowledge acquired up-to-the-moment in her program,
integrating content from several courses. For instance, the student
playing the developer role (level 2, a second year student) will per-
form requirement elicitation and specification and user experience
design tasks, from the respective Requirements Engineering and
User Experience courses. Each AGES course requires 162 hours per
term to be completed, organized into 9 hours per week (3 hours in
person, as part of the classwork, and 6 hours extra-class).

Project Development Practices. Once the student is allocated
to a certain project and the team is formed when the school term
starts, the students are welcomed to the Agency, introduced to the
AGES Scrum-like development framework, and assessment and
grading schema. They are next introduced to the project goal and
stakeholders. Their first task of this Set-Up sprint is to understand
the project scope and define and negotiate with the stakeholders the
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technologies to be used. If necessary, the Agency architect will help
the team to study these technologies, tutoring during the process.

Next, at the Warm-up sprint, the team needs to revisit the previ-
ously elicited user requirements, specify them, and design mockups
to validate the specified user requirements with the stakeholders.
Once these requirements are approved, the team needs to design
the software architecture and organize the product backlog and
tasks. From now one, 5-6 development sprints are conducted in-
cluding coding, unit and functional testing, and integration testing.
At the end of each sprint, there is a sprint review in which the
stakeholders approve the developed requirements and a retrospec-
tive session to identify what can be improved. The last sprint is
dedicated to tackle technical debt and prepare the final delivery to
the customer (e.g., code packing, documentation writing), including
the final presentation to all Agency project teams.

Each team needs to follow the time-bound Scrum-like frame-
work but is free to decide on the development practices and artifacts.
For instance, a certain team might opt to specify the user require-
ments using behavior-driven development scenarios [37] or UML
use cases, both techniques introduced in the Requirements Engi-
neering course, or any other specification technique of their choice,
including none. The teams are expected to revisit their decisions
during the sprint retrospective and take action to continuously
improve their practices adoption.

Performance Assessment and Portfolio Development. The
student performance assessment is comprised of several assign-
ments, namely: periodic progress status reports, detailed reports,
one-to-one meetings with the teacher, and participation at the
Agency retrospective.

The periodic progress status report needs to be handed out at the
end of each sprint stating the student’s contribution to the project
development following a set of pre-defined self-evaluation criteria.
These periodic reports are input for two detailed reports delivered
by the student; one at mid-term and one at the end of the term. They
include a consolidated description of the student’s contributions
and a critical analysis of how their hard skills have evolved. The
students also participate twice during the term in a half-an-hour
one-a-one meeting with the teacher in charge of the project to
reflect upon their soft skills and career development, mirroring what
companies often offer to their employees—a long-term view on how
current job actions and behavior are contributing to one’s career
development. Last but not least, the Agency retrospective seeks for
feedback on how the Scrum-like process, performance assessment,
project selection, infrastructure, and other aspects can be improved,
offering the student a chance to reflect upon an organizational level
(rather than a project level or individual level).

Lessons Learned. Inspecting the history of the AGES’ project
documentation and the students’ final reports we identified that,
in average, the teams deliver most of the agreed features and the
stakeholders express to be satisfied with the functional prototype.
The delivered software mostly follows programming good practices
and standards discussed in Programming courses and integration
testing is the mostly left behind activity.

e Team Challenges: Quite often the students point out their
difficulties on on-boarding level 1 students and addressing
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action plans defined during the sprint retrospective. Commu-
nication is among the most-difficult-to-deal issue for diverse
reasons, e.g., different working hours extra class and ma-
turity of individuals to grasp the relevance of a timely and
clear communication. And picking technologies that team
members are no experts on to work is among the decisions
teams most regret.

o Stakeholders Participation: A few projects in AGES history
report about the lack of participation from the stakeholders
and of infrastructure to implement the designed software
solution (i.e., no AWS licenses).

o Skills Development: Time management, tasks prioritization,
and conflict management are also among the cited skills
developed during the AGES courses participation. They say
that they realize that a good professional needs to excel in
hard and soft skills and that the teachers’ mentorship helps
them deal with job hunting anxiety and with building trust
in themselves.

Overall, the students report that AGES offers them the opportu-
nity to experience working collaboratively in teams, learn how to
provide feedback, and commit to attending the customer expecta-
tions.

2.2 Customer-Driven Project Course

Context. The software engineering course, known as Customer-
Driven Project, was established at the Norwegian University of
Science and Technology in 1974. Over the years, approximately
3650 students have completed this course. The Customer-Driven
Project Course aims to equip students with software engineering
hard and soft skills by participating in collaborative group work.
This involves applying skills acquired in previous semesters to a
real-world development projects. Following a Project-Based Learn-
ing methodology [36] [3], the Customer-Driven Project Course
encompasses all stages of a software development project, cover-
ing project management, pre-study, requirements analysis, design,
programming, testing, and documentation. The main result and
benefit is the delivery of a minimum viable product (MVP) to the
selected companies [28]. In this course, a variety of Samsungizes
and sectors are selected.

Course Structure. At the start of every calendar year, the course
coordinator invites companies, also called customers, to submit pro-
posals. In recent years, these proposals comprise questions regard-
ing project definition, its connection to sustainability and diversity,
technical and managerial contacts, and customer expectations for
the project. Following submission, the teaching assistants team,
composed of current PhD students, conducts a peer review of the
proposals. During this peer review, the technical viability, details of
the project description, solution innovation, and contribution to so-
ciety are evaluated. When the selection process ends, the customer
receives a notification of whether or not they have been accepted.

Before the school second semester begins (the Fall term), the
teaching team forms student groups, each with a maximum of 7
students. This process is crucial, as groups are structured based
on backgrounds and experiences, aiming to mix those with and
without Artificial Intelligence knowledge, for example. The student
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groups are carefully curated to provide a well-rounded student
experience, ensuring a balance of gender, country of origin (national
or international), and technical expertise within each group.

The official start of the Customer-Driven Project Course itera-
tion with students occurs in the Fall of each year and lasts three
months. Each group is randomly assigned to a customer proposal.
On the first day, an Introductory Lecture is held, where students
and customers are invited to learn about the course requirements.
This provides an opportunity for the teaching team, students, and
customers to get to know each other and start the project. Meetings,
communication tools, intellectual property, and expectations are
decided collaboratively between students and customers.

Each student spends around 20 hours a week for this course,
with a dedication of 350 hours. In this course, students can expe-
rience diverse aspects of the software development process. For
instance, students should explore different roles and transition be-
tween software engineering specialties. In the course itself, students
can assume different positions, such as group leaders, social activity
facilitators, and sustainability experts. Group leaders participate in
bi-weekly meetings with the teaching team to align on the course
structure, share experiences, and monitor group progress.

Development Practices. The practices in this course aim to en-
hance students’ software engineering, project management and
cooperation skills through practical scenarios [17]. The challenges
include decision-making for large systems, collaborative problem-
solving, task delegation, adaptation to non-ideal conditions, and
effective documentation. Students have the freedom to choose their
development methodology, often opting for Agile methodologies
[19]. The course guides students through a preliminary study, re-
quiring a comprehensive understanding of the problem, describing
the current system, and exploring potential solutions. It emphasizes
writing detailed requirements specifications aligned with business
requirements. The course also guides students in designing a mod-
ular software architecture, and currently integrating artificial intel-
ligence tools, implementing software security, and testing practices.
Previous programming knowledge is crucial. Depending on the
customer proposal, students may need to acquire new program-
ming languages. The last phase involves external documentation,
including user and installation guides.

Performance Assessment. At the semester’s end, students must
submit a project report, source code, and presentation. The final
project report covers reporting on customer communication, cus-
tomer feedback, diversity management, sustainability practices,
the role of artificial intelligence in the project and suggestions for
course improvement. Self-reflection is encouraged to discuss any is-
sues affecting the project. The external examiner judges the ultimate
grade, considering the feedback from customers and supervisors.
The evaluation comprises five categories:

o Product (30%): Assessing how well the group met project ob-
jectives, project usability, and project value to the customer.

e Team Dynamics (20%): Assessing role rotation, collective
decision-making, and problem resolution within the team.

e Project and Process (20%): Evaluating the planning and man-
agement of scope, time, communication, resources, and risks,
along with adherence to processes.
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e Documentation (15%): Assessing the project report quality,
logical flow, format, structure, writing style, and readability.

e Innovation (15%): Evaluating considerations for emerging
technological trends, diversity dimensions, sustainability,
and students’ critical reflection and innovative documenta-
tion solutions.

The Customer-Driven Project Course focuses on hands-on ex-
perience in all software development phases, emphasizing project
organization, execution, effective documentation, and real-world
customer presentation skills. The course provides a diverse learn-
ing environment, incorporating group work, supervision meetings,
presentations, and a few lectures.

Interdisciplinary topics like Diversity and Sustainability in soft-
ware engineering are recent additions to the course curriculum,
illustrating ongoing efforts made yearly to introduce interdisci-
plinary topics, supported by materials and workshops for students
and customers addressing societal challenges [30],[11],[14].

Lessons Learned. Through these 50 years of this course exis-
tence much we have learned and improved, we describe the lessons
learned as following:

e Advancements in Software Engineering Education: From
following advances in technology stacks and software de-
velopment process, to integrating interdisciplinary topics
within software engineering practices, this course is often
improved by the input and market requirements of our indus-
try partners. The case presented here is the ultimate version
of this course.

Customer Feedback and Enhancements: Since we started
to collect mid-term customer feedback we learned that: a)
customers has limited time to offer in this course, avoid
overwhelming meetings is necessary; b) customer might
not be able to dedicate time to learn about interdisciplinary
topics, so they expect the students to share knowledge with
them; c) most of the customer that submit their proposals
for the first time, submit afterwards as well.
Proposals Scope: Regarding the scope of proposals, we have
been facing challenges with those that propose solutions
solely based on artificial intelligence models rather than
software engineering projects. Out of the 18 proposals re-
ceived this year, at least 8 suggested solutions that require
knowledge of Artificial Intelligence models. We are learning
to balance projects with students’ backgrounds and course
expectations as well as integrate both expertise in the course.
o Soft skills Development: Students are expected to exercise
soft skills. A demanding characteristic is for students to be
pro active, that means not rely on the supervisor to solve
their problems with the customer. As supervisors and courses
coordinators, we are still learning how to equip and make
the students confident to enhance their skills on this matter.

Students overall satisfaction about this course is over 4 points (in a
scale from 1 to 5 in which 1 means very unsatisfied and 5 means
very satisfied).
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2.3 Apple Developer Academy

Context. Aiming to expand the training of developers for its
own application ecosystem, Apple has established partnerships with
universities worldwide to implement an environment called the
Apple Developer Academy. The case reported here is implemented
in collaboration with the Pontifical Catholic University of Parana
in Brazil.

Since 2013, the two institutions have established a partnership to
offer students the opportunity to develop skills and competencies
to produce applications to be made available at the Apple virtual
store. In its most recent format, the Apple Developer Academy takes
place in two years and welcomes 50 students in each cohort. By
2024, 400 students have successfully completed the Apple Developer
Academy.

Program Structure. The physical environment is designed to
facilitate communication, learning, and creativity in the format of a
software studio [7]. The software studio is a concept borrowed from
architecture and industrial design as a response to the perceived
gap of skills between what undergraduate courses deliver and what
industry demands. The central idea behind the studio is derived
from the Ecole des Beaux-Arts and the Bauhaus [34], based on
reflective practice and the use of mentoring instead of traditional
lectures.

The teaching method used in the Apple Developer Academy is
Challenge-Based Learning (CBL), inspired on the Problem-Based
Learning method defined to support medical education [41], which
encourages students to develop technical and behavioral skills while
performing challenges and reflective activities. This method has
been proven effective in teaching mobile software development
skills [5]. Nichols et al. [31] explain that CBL is an environment
for investigative reflection on teaching and learning, a flexible
framework with multiple entry points, a nonproprietary scalable
model, a framework that focuses on global challenges with local
solutions, an authentic connection between academic disciplines
and real-world experience, a framework for developing 21st-century
skills, a process that places the students as responsible for their
learning, and requires students to develop and deploy solutions in
a real-world environment.

CBL is organized into three phases: Engage (Big Idea, Essential
Question, and Challenge); Investigate (Guiding Questions, Guiding
Activities and Resources, and Analysis); and Act (Solution, Imple-
mentation, and Evaluation). Students are encouraged to reflect on
their learning through reflexive practice at every step of the way.

The challenges are designed to provide growing difficulty levels
throughout the Apple Developer Academy. Some are performed
individually, while others are in groups, as illustrated in Figure
1. Smaller circles represent shorter challenges and larger circles
represent more extended challenges. Mentors help students navi-
gate through their learning path along the program. The mentors
are specialists in technology, programming, game design, software
engineering, soundtrack, etc.

Nano challenges are short-term challenges performed individ-
ually, while the others are group activities. As can be supposed,
a business challenge focuses on the business side of the market.
Besides developing technical and soft skills, the business challenge
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Figure 1: The Apple Developer Academy two-year program
structure.

aims to develop marketing and sales skills through a monetization
step. Students receive a small amount of money to promote their
apps. They create the app, publish it in the app store, and monitor
the acquisition of users, and the revenue numbers. This skill is
essential to the app development market.

Application and Selection Process — A Critical Success Factor.
One of the program’s critical success factors is the recruitment
process. Each cohort receives about 600 applications, of which 50
students are selected to participate in the program.

To join the Apple Developer Academy, applicants undergo a
four-stage selection process. First, the applicants must send a video,
telling what makes them unique or the best idea they have ever had,
and their portfolio, which can be composed of real-world products
or mock-ups. Afterward, they have a written exam in which they
can choose from a programming exam, a design exam, or both. The
third step is a two-day hackathon, where they are initially paired to
select an idea for a product and then are rotated among the groups
until they finish the challenge. One interesting feature of this step
is that the group that presents the solution is not the same group
that starts with the idea. By the end of the third stage, applicants
are narrowed to about 100 people. The last step is a 30-minute
interview with the project coordinator. After these four steps, the
coordinator and the mentors meet to analyze all the results and
select the 50 students that will participate in the program.

This selection process is critical to ensure skills that fit the Pro-
gram goals and format. In the first cohort (2013-2014), 27 students
had to be dismissed from the Apple Developer Academy because
they did not demonstrate the expected profile and background for
the activities. In the 2015-2016 cohort, with the selection process
improved, only two students were dismissed. Since the process was
changed (to the 4 stage process previously described), only five peo-
ple have been dismissed from the program for poor performance
in 8 years-time.
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Each of the selected students receives a laptop, a smartphone,
and a monthly stipend. At the end of the program, they can keep
their equipment for personal use.

Close Monitoring, Feedback, and Reflections — Another Crit-
ical Success Factor. Another critical success factor is the assess-
ment process. During the program, students are constantly mon-
itored and mentored. They receive a task (challenge) and have
limited time to perform. Mentors are right away available to an-
swer questions and to help define the best course of action for
completing the challenge. The assignments are not graded once the
monitoring and feedback processes are continuous.

Another critical point is using reflective practice during the
learning process [18]. Reflective practice can occur in four formats:
reflection-in-action, knowing-in-action, reflection-on-action, and
reflective conversations with the material. Dors et al. [18] explain
that reflection-in-action is the reflective form of knowing-in-action,
which means, the reflection during the problem-solving process. In
the reflection-in-action process, doing and thinking are complemen-
tary since doing extends thinking in the tests, moves, and probes of
experimental action, and reflection feeds on doing and its results.
Once the problem-solving process is finished, a practitioner may
consider what she could have done differently or would do differ-
ently next time. This is called reflection-on- action or reflecting on
experience. It can take place after the fact or during a pause, during
the action, in both cases. The reflection has no direct connection to
present action. Knowing-in-action is the knowledge built into and
revealed by one’s performance of everyday routines of action. It
sometimes is labeled as intuition, instinct or motor skills. Finally,
conversations with the material refers to the process of evolving
understanding developed through the design of the app and its
artifacts. Transformation on how to solve the problem emerges
through the discussion about and learning from designed artifacts.

A longitudinal study conducted over the three most recent co-
horts [1] shows that reflective practice helps develop the hard and
soft skills demanded by the app development market. The following
soft skills were observed: communication, active listening, conflict
management, decision-making, collaboration, motivation, creativ-
ity, self-confidence, and synthesis. The students also learned the
following hard skills: code reuse-oriented development, software
architecture, database development, app prototyping using different
platforms such as MIRO, FIGMA, or Adobe Package, programming
logic, algorithm foundations and programming, object-oriented
programming, and Swift.

Our experience with this initiative has shown us that it helps
develop the profile of the 21st-century professional, as well as helps
to improve the ecosystem of applications for mobile devices, aiming
to reduce the labor shortage in this sector. Over 50% of the graduated
students are currently working in developing mobile applications
of all sorts as per our most recent survey on their career status.

Lessons Learned. In Apple Developer Academy we had the
following lessons learned:

o Student Fit and Selection Process: Not all students are well-
suited for this program. The selection process continues
to evolve to identify candidates who are motivated, self-
manageable, resilient, and responsible. This ensures that the
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students selected are more likely to succeed and benefit from
the program’s unique challenges and learning methods.

o Interdisciplinary Learning: Students from computer science
and design backgrounds often have differing interests, with
computer science students typically less interested in de-
sign, and design students less interested in programming.
However, both groups benefit from exposure to the other dis-
cipline. At a minimum, they gain a basic understanding that
facilitates better collaboration. Some students even develop
a professional level of expertise in the secondary discipline.

o Challenge Based Learning (CBL) and Knowledge Gaps: One
of the primary weaknesses of CBL is the potential for knowl-
edge gaps due to the absence of a traditional syllabus. This
issue is mitigated by having students engage in a variety of
challenges, each building on the previous ones, thereby pro-
gressively filling in these gaps and reinforcing their learning.

e Comprehensive Business Challenge: Understanding the en-
tire process of app development, publishing, and monitoring
is a significant advantage provided by the business chal-
lenge. Although not all students enjoy the post-development
phases, they universally acknowledge the value of this ex-
perience. Many consider it the richest and most informative
part of their academic journey.

e Collaboration and Team Dynamics: Having students work
with different peers for each challenge enhances their collab-
orative skills. This practice not only fosters teamwork but
also prepares students for real-world professional environ-
ments where working with diverse teams is essential.

2.4 SUPER Project

Context. A different case is occurring in another university.
The SUPER Project is a collaboration between Federal University of
Amazonas and Samsung, aimed at fostering training and research in
technological fields at Federal University of Amazonas. This project
was initiated in response to a significant demand for skilled pro-
fessionals in the fields of Informatics and Engineering, particularly
to drive development and innovation within the region. Federal
University of Amazonas is situated in a unique region known for
its diverse natural environment. In an effort to conserve this rich
natural environment, the government encourages the growth of
the technological industry as an alternative to traditional extractive
and livestock farming practices. Nevertheless, there is a pressing
need to augment the number of IT professionals within the region.

The SUPER Project distinguishes itself by involving not just one,
but a total of eleven distinct undergraduate programs, spanning
across two separate campuses. On the main campus, a diverse array
of programs partake in the project, including Computer Science,
Electrical Engineering, Computer Engineering, Software Engineer-
ing, Production Engineering, and Design. Meanwhile, on the second
campus, the courses are Information Systems, Production Engineer-
ing, and Software Engineering.

While Federal University of Amazonas offers various informat-
ics and engineering courses, numerous undergraduates encounter
challenges in completing their programs due to financial and tech-
nical constraints. Conversely, Samsung and several research and
development institutes are in need of professionals with expertise
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in specific areas. This project seeks to address these dual challenges
by supporting undergraduates in completing their courses and si-
multaneously preparing future professionals for the specific areas
of focus at Samsung.

The Program Structure. The SUPER Project offers 140 courses
opportunities in technological fields and has been designed to cover
the entire duration of the student’s stay at the university. Each part
of this project is called Work Packages (WP), ranging tasks from
basic training to specific and advanced levels. This allows students
to complement their current studies in addition to the university’s
regular courses. The design of this project enables master’s and
doctorate students to collaborate and share their knowledge among
the participants of the project. The breakdown of the WPs is as
follows:

e WP1 - Common Basic Training: Covers basic knowledge com-
mon to the courses involved in the project, such as mathemat-
ics, physics, technical English, and socio-emotional skills.

e WP2 - Specific Basic Training: Training and improvement
courses in the fundamental principles of the fields of Com-
puter Science, Engineering, and Design.

e WP3 - Advanced Training: Opportunities for participation in
qualification and innovation actions in strategic areas, lead-
ing to high-impact scientific and technological development.

In the context of Computer Science and Software Engineering
courses, more specific tasks are applied on WP2 and WP3 that
involve students at different levels:

e WP2 tasks — This group of tasks has a significant impact
on the connection of novice students (first two years) with
undergraduate programs in Computer Science and Software
Engineering. The literature demonstrates that this is the
most critical period for a student’s retention in the univer-
sity. To achieve this goal, it is necessary to implement a set of
pedagogical actions, which include: 1) organizing orientation
courses for newcomers with the purpose of minimizing defi-
ciencies from high school education; 2) providing improve-
ment courses to complement subjects with higher failure
rates in the initial periods of these programs; 3) promoting
scientific and technological initiation in projects of low com-
plexity but that stimulate curiosity and interest in the field of
Computing; 4) generating and sharing scientific knowledge
about computer education; and 5) adapting existing physical
spaces to create an interactive learning environment with
practical activities, challenging projects, and technologies
that spark student interest. The WP2 tasks include:

- Scientific and technological initiation in Computing (ICT
Jr)

— Peer instruction in CS courses - 7 instructors and 10 teach-
ing assistants to assist students in the more challenging
computing courses.

e WP3 tasks — The significance of these tasks lies in the need to
complement the academic education of senior students (last
two years) in Computer Science and Software Engineering
undergraduate programs with emerging content demanded
by the Information Technology job market. To address this
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gap, this WP aims to provide training courses where stu-
dents can learn about emerging technologies in the field of
Computing and apply them in scientific research projects.
These WP3 tasks encompassing three different programs,
each with a distinct focus:

- Engineering Innovative Software Products

— Machine Learning Models Applied to Health Care

— Web Development Applied to Educational Tools

Project Impact and Achievements. In the first three years of
its existence, this project has offered 4840 hours of courses that have
impacted more than 3000 students. We have also achieved one of our
goals, which was to reduce the dropout rate by 50%, compared to the
2018 figures, in each undergraduate course involved in the project.
There has been a 50% increase in the total number of graduates
compared to the cumulative total from 2014 to 2018, reaching a
total of 771 students. While this project is generating an increasing
number of competent graduates, it also plays a role in reducing
the disparity between demand and supply in the IT job market.
Achieving these goals fills the gap in the widespread shortage of IT
professionals on a global scale [13] [27].

Annually, the project hosts a week of activities open to the com-
munity. During the event, students present their projects, engaging
locals in technology and inspiring new participants. This event has
positively impacted 1500 people over the past two years.

Scientific contributions have also been highlighted, providing op-
portunities for students to be part of the national and international
scientific academic landscape. More than 300 reports on research
and technological development have been delivered by the students.

Lessons Learned. In these four years of SUPER project, we have
observed the significant impact of the project on the University as
a whole, and specifically on many undergraduate students. Due to
the SUPER project, these students have become prouder of their
courses and the opportunities available in the industry.

e Financial Support Benefits: The project not only equips stu-
dents for new positions in the industry but also allows them
to be full-time students during specific periods, as they re-
ceive sufficient funding to cover their personal expenses (and
sometimes support their families). They know they don’t
need to rush into accepting a position in the industry at
the “wrong time” due to financial pressures. The project has
allowed them to choose the right time to transition to the
industry, and they know they are more qualified.

e Course Design Insights: Regarding the training courses, we
learned that: (a) Sometimes, a new technology that is highly
hyped will not endure, so we need to choose the technologies
for advanced courses carefully; (b) Advanced courses should
provide a strong foundation in a specific subject, not just
focus on the latest technologies; (c) Often, students need
better training in intermediate courses to be able to learn
advanced subjects effectively.

e Student Selection Criteria: Regarding better student selec-
tion, we learned that (a) The selection process should not
only consider technical aspects, such as course grades; (b)
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Table 1: Cases Summary

Moises de Souza et al.

Cases AGES Apple Developer Academy Customer-Driven Project Course SUPER Project
Methodology Active Learning [10] Challenge Based Learning [5] Project-based Learning with real customers | Active Learning [10]
3]
Structure 648 hours in total divided in 4 terms 1200 hours of technical specialized knowl-| 350 hours of a course integrated within the | 980 hours of complementary courses to en-
edge beyond the formal academic syllabus | Computer Science academic syllabus rich the existing academic syllabus
Strategies Real-world software engineering selected | Industry support for learning their specific | Real-world software engineering projects in | Industry incentives for research and academic
projects from various industry sectors technology various industry sectors infrastructure
Benefits 1) Opportunities for students to experience | 1) Increase the number of specialized profes-| 1) Students partnership and networking with | 1) Increase the number of graduated students
the same living environment as in the indus-| sionals companies and scientific development
try 2) Continuous student development. 2) Exposure to industry-specific challenges. |2) Funding research projects with practical
applications.
Graduated 2160 students 400 students 3650 students 3000 students

Interviews that explore the reasons behind a student’s can-
didacy for a specific task help us better understand the stu-
dent’s context and motivations; (c) Discussing the focus of
WP3 tasks in some classes and linking the course content
with the task objectives helps students gain a better perspec-
tive of the WP3 Task, resulting in better candidates.

Table 1 outlines the methodologies, structures, strategies, and
benefits associated with three distinct cases: AGES, Apple Devel-
oper Academy, Customer Driven Project Course, and SUPER Project.
The data includes insights into the number of graduated students
and the benefits on academy and industry collaboration.

3 DISCUSSION

In this section, we discuss the strategies, similarities and differ-
ences between the cases, the implications for software engineering
education practice and research, as well as future work.

3.1 The strategies

We aimed to share the experiences of conducting four distinct cases
in four different institutions in Brazil (three cases) and Norway
(one case). Each case has demonstrated its unique contribution
to reducing the IT shortage. The benefits and challenges of the
strategies to mitigate the IT shortage are discussed as following:

3.1.1 Brazilian Governmental Support. Policies and laws that in-
centive the IT industry can attract more talent and investment,
potentially addressing shortages. Programs like Brazilian’s laws
called "Lei do Bem" [32] and "Lei de Informatica" [33] aim to stimu-
late the IT sector by supporting professional training, encouraging
startups, and fostering partnerships between academia and industry.
These initiatives, supported by fiscal incentives for Research and
Development (RD), have shown promise in enhancing technological
advancement, similar to efforts seen in other OECD (Organisation
for Economic Co-operation and Development) countries [29].

3.1.2  Industry Support. The aforementioned Brazilian laws allow
industry to invest in RD in general. By choosing to invest in educa-
tional programs companies help to leverage individuals to pursue
IT quality education and careers [40], contributing to reduce the
IT professional shortage. In Norway, the companies volunteers by
submitting the proposals to be developed in the course.

3.1.3 Industry Partnership on Real-world Proposals. Partnering
with industry allows students to work on real-world technological

proposals, providing valuable experience and potentially increasing
the pool of high skilled IT professionals [12]. Examples like AGES
and the Customer-Driven Project Course illustrate how working on
real-world projects enables students to apply their skills, interact
with industry professionals, and gain practical experience. This ap-
proach exposes students to industry-specific challenges and tools,
thereby enhancing their employability.

3.1.4 Industry-Academia Collaboration. Building trusting relation-
ships between universities and industry partners can facilitate
knowledge exchange, internship opportunities, and tailored pro-
grams that address industry needs, ultimately helping to bridge
the IT skills gap. These collaborations extend beyond individual
projects. It establishes long-term partnerships that benefit both
academia and industry while also ensuring a continuous flow of
skilled graduates and cutting-edge research.

3.1.5 Program Development. Designing programs integrated into
students’ graduation requirements and offering financial support
for further education can incentive more individuals to pursue and
remain in the IT field.

3.2 Similarities and Differences

The four cases - AGES, Customer Driven Project, Apple Academy,
and SUPER Samsung - share similarities in their goals of providing
students with practical, hands-on experience in software develop-
ment and addressing the IT shortage through specialized training.
They all aim to bridge the gap between academia and industry,
preparing students for real-world challenges and increasing their
employability. They emphasize the importance of collaboration be-
tween students and industry partners, fostering relationships and
exposure that enhance students’ career prospects. The following
paragraphs brings a recap of the cases:

AGES program aims to produce professionals capable of devel-
oping software solutions for complex problems, analyzing and se-
lecting technology, integrating software solutions, and generating
innovative software-based solutions. The program spans 4 terms
over 4 years, with 9 hours of weekly classes (3 hours in person and
6 hours extra-class). AGES provides students with hands-on experi-
ence akin to industry professionals, allowing them to work in teams,
deliver software on time with quality, and manage conflicts. It also
selects project proposals that vary from software development to
support organizational process improvement, software evolution,
development of new ideas, and proof of concept.
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Customer-Driven Project has contributed to the local ecosystem
of industry and academia for the past 50 years in Norway. It actively
involves students with the industry, serving as an exemplary model
for courses that integrate real software development problems [36].
For many students it is their first project and for companies it is
an opportunity to test an idea, develop an MVP or improve their
current solutions. Participating in real-world projects establishes
relationships and exposure for students, increasing their chances
of being hired not only by the clients involved, but also by other
companies. This study [40] supports the effectiveness of real-world
projects in software engineering education, confirming that 88%
of participants started or changed careers after completing the
program.

The Apple Academy refers to a specialization in the company’s
specific technology. It is crucial due to its complexity and the limited
resources available for learning about the company’s technology.
The Apple Academy is executed worldwide by other universities
and is recognized for creating opportunities for students to develop
applications and solutions based on this company’s technology [2].
From the perspective of addressing the IT shortage, this project
enables students to work on application development, open star-
tups, and contributes to an increase in the number of specialized
professionals in the company’s technology.

SUPER Samsung is a broader case that encompasses course pro-
grams within Federal University of Amazon. It is supported by a
company interested in increasing the number of IT professionals
in the region. SUPER Samsung is organized to benefit students
in continuing their undergraduate courses, while offering basic,
specific and advanced training beyond the regular course program.
Another benefit is related to scientific contributions. For example,
research projects such as a technique to support the design of In-
ternet of Things solutions [39] and the creation of a tool to detect
related posts on developer forums [26] are funded by SUPER Sam-
sung. These research projects create opportunities for students to
diversify their careers in industry and academia.

It is important to note the differences between the cases. AGES
focuses on training complete professionals, capable of develop-
ing innovative software solutions, with a wide range of project
proposals. These proposals are developed in 4 terms in which the
student experiences a role in the software development process.
The Customer Oriented Project, on the other hand, offers students
opportunities to work on real-world projects for a semester focus-
ing on a selected customer proposal. Apple Academy specializes in
technology from a specific company outside of the current degree
program, offering students unique opportunities to develop appli-
cations and solutions based on that technology. SUPER Samsung,
in turn, offers a broader program within a university environment,
supported by a company that aims to increase the number of IT
professionals in the region by providing additional training beyond
regular course programs and funding research projects that benefit
both industry and academia.

3.3 Implications for SEE practice and research

While efforts in collaboration between industry and academia have
occurred at many universities and across various program levels,

SBES 24, September 30 — October 04, 2024, Curitiba, BR

there is still a need to reemphasize the implications of these collab-
orations for software engineering education [22]. Carver and Prik-
ladnicki highlighted the importance of engaging with companies
to understand their real-world problems and identify the Industry-
Academia Collaboration (IAC) patterns being utilized. They also
advised industrial practitioners to seek out researchers and students,
as they may be able to assist in solving their issues [9].

Guttorm et al demonstrated that project-based learning is suc-
cessful in reinforcing students’ learning goals and turning them
from theoretical concepts to applicable realities [36]. Students feel
motivated and engaged by the idea that the project will be used.
In the case of the Apple Academy, there is also an opportunity to
develop its own applications and innovate solutions for society.
Hands-on experience is truly necessary and still in demand.

Programs like the Apple Academy offer specialized training in
specific technologies or industry domains. This highlights the im-
portance of offering niche programs to cater to the diverse interests
and career goals of students, as well as the evolving needs of the
software industry.

Initiatives like SUPER Samsung, which fund research projects
benefiting both industry and academia, emphasize the importance
of collaboration between academia and industry in advancing soft-
ware engineering research. Such collaborations can lead to the
development of innovative solutions and technologies that address
real-world challenges.

In summary, all cases offer a laboratory for research into differ-
ent phenomena linked to software engineering education across
various topics. Studies have been conducted to understand learning
methodologies’ outcomes for students [4], students’ perceptions of
new topics [39], interdisciplinary integration [14],[11],[30], trend-
ing topics in the field [12], and reflective practices [18],[1].

3.4 Future work

In terms of measuring the actual impact of the presented cases,
future work for this study involves conducting in-depth analysis of
the current employment status of alumni. Our goal is to conduct
research to understand how these cases contributed to students
securing employment after completing their courses.

Further research on the impact of partnerships with industry
partners is also underway. We aim to investigate the critical success
factors from the industry’s perspective in terms of their business
and the employment opportunities provided to these students.

Regarding academic research opportunities, ongoing projects
are exploring how the methodologies applied in the cases help stu-
dents achieve their learning goals. Additionally, we are examining
how emerging topics such as sustainability, diversity, and artificial
intelligence are perceived by both students and industry partners.
All four cases have proven to be excellent arenas for research and
innovation

4 FINAL CONSIDERATIONS

Aiming to share cases that provide strategies to mitigate the IT Tal-
ent Shortage, this paper offers insights into how the industry and
academia can form diverse types of partnerships. The partnerships
presented here covers strategies such as: a) industry support for
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learning their specific technology; b) real-world software engineer-
ing projects in various industry sectors; c) industry incentives for
research and academic infrastructure. By providing details on the
context, structure, and outcomes of each case, we hope to motivate
other universities and the IT industry to develop similar strategies.

Despite efforts to address the IT professional shortage, challenges
persist. The cases described in this article, although promising, may
not be universally applicable. The effectiveness of these strategies
may be influenced by regional variations, institutional resources
and specific needs of the industrial partner. Furthermore, the evolv-
ing nature of technology and industry demands requires continuous
adaptation, and the success of these programs may depend on con-
tinuous evaluation and improvement. To further address the IT
professional crisis, future research should focus on the scalability
and adaptability of cases presented to diverse educational institu-
tions and industries. Longitudinal studies can assess the sustained
impact of these initiatives on students’ career trajectories and the
needs of the IT industry. Exploring new collaborative models and
frameworks that bridge the gap between academia and industry
could contribute to a more dynamic and responsive educational
ecosystem.

Furthermore, research into the role of emerging technologies,
such as artificial intelligence and virtual reality, in improving IT
education and preparing students for real-world challenges is cru-
cial. Understanding the impact of global events, such as the Covid-
19 pandemic, on the IT job market and identifying strategies to
mitigate disruptions can inform future education and workforce
planning.

In conclusion, addressing the IT Talent shortage requires a mul-
tifaceted approach that involves collaboration between universities
and industry, innovative educational programs, and ongoing re-
search to adapt to the evolving technology and employment needs.
The cases presented provide insight and serve as starting points for
further exploration and development in this area.
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