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Abstract

The area of computer and electrical engineering is under constant evolution which leads to lifelong
learning being an important aspect for being a long term successful working professional. This work
presents an education model for creating customized and flexible courses at advanced level for these
working professionals. We have approached this work from the educator's point of view and the focus
will be on the teaching model and our results from implementing the model during the last two years.
Including how we created these need and trend-based education offerings, the course execution inspired
with micro-learning and flipped-classroom pedagogics, and our work with creating win-win
possibilities within the courses for the working professionals and the companies they work for. Finally,
we will present our experiences and lessons learnt, ending with a plan for our upcoming courses and
our refined model in our ongoing future work.
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Introduction

There is a need for lifelong learning and continual professional development in almost all fields of work, and
especially in engineering sciences where the technological trends rapidly develop (Guest, 2006). This type of
lifelong learning also opens up our universities to a new type of students, that is students which already have an
undergraduate degree but are looking to either up-skill or re-skill themselves. But courses aimed for lifelong
learning also requires new ways of thinking in regard to the participants backgrounds, previous experiences, the
applied pedagogics, didactics, and overall course design (Field, 2000). In which Networked learning (Gourlay,
et al., 2021) and the research within is one key aspects for this to be successful in the long term (Goodyear, et
al., 2004).

This article will present our work on this in the project IoT Professionals (IPROF) project that has been funded
by the Swedish Knowledge Foundation's Graduate Professional Development program, which is a program that
finances advanced level education for working professionals. As an effort to give universities support to give
courses aimed for lifelong learning of currently working individuals. Within the project, we have chosen to
focus on courses in typical computer and electrical engineering domains under fast evolution, namely the
Internet of Things (IoT), Industrial IoT (IIoT), and machine learning (ML) domains, as well as related areas
such as security. We chose this particular focus because of our research profile and cutting-edge expertise in
these, and because of our large number of researchers in the areas. As well as it is where we have found the need
for lifelong learning to be the most needed by our research partners.

The ambition of the project was to contribute to the industrial transformation using these new technologies and
data-driven research and development to increase innovation, digitalization and strengthen the competitiveness
of both the companies and the course participants. In this, we joined forces with five partner companies in the
project, in order to together form and develop specialized courses based on the industry’s needs, demands, and
the working conditions of the working professionals and their employers. This work also became extra
important during the COVID-19 pandemic as a wave of layoffs and decreasing economy, created a more
difficult labor market for engineers and computer/electro-technicians. Which is why the original two-year
project also got extended with additional pandemic related funding, which enabled us to give even more courses
than originally planned.
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The problem and major challenge of this work was to develop an education and pedagogical model for giving
courses to working professional engineers in the computer/electrical engineering domains. Including both the
work to determine which specific topics we should focus on and which specific courses to give. As well as the
creation of relevant course materials and the education work with giving these courses to working professionals
and their unusual study situations. Including identification and overcoming many obstacles along the way, such
as university administrative, pedagogical, and didactical challenges. However, we will focus on these two
questions in this article:

1 Which are the most vital components in a networked lifelong learning model, specifically aimed for working
engineers and their companies?

2 How can higher education courses for working engineers be pedagogically and didactically designed to
support networked lifelong learning?

Based on the overall problem and these questions, we have chosen to focus this work on the teacher's
perspective and using design-based research approaches (Barab & Squire, 2004). Design-based research was a
good fit for this project, since it allowed us to focus on creating learnings from the development of useful tools
and teaching methodologies. As well as enables us to include the contextual situation of our students in the
research, as well as studying our lessons learnt in this teaching context. Our primary contribution in this article
is therefore on our implemented model and course structure which is adapted for working professionals and our
evaluation thereof. Including our reflections and plan for future courses within this concept and our refinement
of the model. The remainder of this article is organized as follows: We start by presenting our approach and
education model in detail. To then present our results from the model, followed by our learnings and reflections.
Ending with our refined approach, future work, and conclusions.

Model

Early on, we decided to develop our model with the following leading keyword in mind:

Need and trend-based education offerings

Up-skilling and Re-skilling (Taylor et al., 2021)

Micro-learning (Jomabh et al., 2016) and flipped classroom (Lage et al., 2000)
Flexibility both in time and place (Collis, 2002)

Win-Win possibilities (Nergard et al. 2019)

What these means for us, is that we started by inventorying the needs and trends of a number of partner
companies to get an idea of which courses they think their employees should study in order to further their
education, i.e., up-skilling or what they should focus on to reach new customers/opportunities i.e. re-skilling
(Taylor et al., 2021). As well as creating opportunities for company-related project work and laboratory sessions
that the professionals can see a double benefit from doing, both in the course and in their regular work situation
(Fuller & Unwin, 2004). Another double benefit was that we could use these courses for promoting our own
research and finding new industry partners, which was important for the longevity of the courses. The pedagogy
was inspired by microlearning (Jomah et al., 2016) and flipped classroom (Lage et al., 2000). Meaning that we
offered small portion sizes in our courses, divided so you can take part of the parts you want, according to the
need you have. And that the pedagogy and didactics in the courses are largely based on self-learning,
information gathering, own laboratory work, to then discuss and present to each other. In even more concrete
terms, the approach has been to create small courses at a low pace (3 ECTS credits in 10 weeks), completely on
distance with high flexibility both in time and place (Dirckinck-Holmfeld, 2009). These courses were free of
charge as all university courses are in Sweden (even for professionals) since they were given as a part of our
regular course offerings. An overview of our order of work and work process in the model can be seen in Figure
1. Which gives details on the steps and milestones we have set up at our university that need to be taken in order
to give each course. This process overview also highlights which of these steps that only need to be taken once
upon course creation and which steps that need to be repeated for each time a course should be given.
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Figure 1. Our working process steps for each course

A more general and illustrative overview our education model and course execution from the educator's point of
view can be seen in Figure 1. Which highlights the overall steps of inventory, development, course execution,
and finally evaluation. This figure will be used as a guide for the remainder of this section, in which we will go
deeper into each of these parts and explain them more in detail.

\

-~

Course Execution

e .| (- (R R [ e
InventomyofiNeeds Course Plan and the
from Companies Course Contents, etc.
Seize Opportunities for
|:> Establishing Future
Collaboration Partners

& 4

Figure 2: Overview of our general education model aimed at working professionals

Inventory and development

The work started with an inventory of the needs of the broad computer/electrical engineering industry. In which
we interviewed our five closest partners within the project to get an overall view of their general needs. This
was carried out with a series of interviews akin to semi-structured focus groups (Galletta, 2013), in which we
discussed certain aspects of the upcoming courses. Both in form, the target group, their specific company needs,
and the specific technological topics to focus on. After each interview, each company was given the task of
creating their own wish-list of their most interesting topics that they think we should give our courses in. To
help them in this work, we created an overview figure (see Figure 3) with a comprehensive list of potential
technologies that are within our expertise area that we could fit within the project.

= Introduction to loT and the loT vision
= Structure of Internet of Things and cyber physical systems
= loT standards

System level

@ Autonomous Smart

Data Communication % Data Management @ Data Science Applications

Components

= Sensors and actuators: Hardware

= Sensors and actuators: Software

= Smart objects

= Energy harvesting systems

* Energy storage

= Hardware interfacing (Raspberry Pi,
Arduino, GPIO, USB, 12C, LEDs, FPGA, ASICs,
SoC, Bluetooth, LoRaOWAN, Microcontrollers,
ARM Cortex)

= Embedded sensor systems

= Programming embedded systems

= Physical modelling of embedded
systems

= signal processing

= Distributed and dependable communication

= Machine-to-Machine communication

= loT protecels

= Wireless communication (SIGFOX, LoRg, 56, 802.15.4)

= Connedtivity

= Datatransmission

= IP Networking (Routing, Switching, VPN, Message Queuing
Telemetry Transport (MQTT), Constrained Application Protocol

(CoAP), AMQP, HTTP, S5L, DTLS, HTTPS, Load Balancing)
= Content centric netwerking (CCH)
= Software defined networking (SDN Openflow)
= Software defined radios (SDR. GnuRadio)
= Vehicle to Vehicle communication (V2V, V21, V2X, 02.11p)
= Industrial communication (OPC-UA, WirelessHort, Profinet)
= Simulation of communication systems
= sensor networks and wireless sensor networks
= Ad-hoc communication netwerks

* loTarchitectures

* loT eryptography

* Data storage

« Traditional SOL databases
* NosQL databases

* Time series databases

* Data lakes

* Post quantum erypto

* Homomorphic encryption
* Data modelling

* Ontologies

= Preprocessing

= Big data (and small dat a) analysis

= Data science software (Hadoop, Powers,
Tablegu, Elostic Stack, TensorFlow)

= Distributed data analysis (Distributed
algorithms, Fog and Edge computing, Task
balarcing)

= Data exploitation (Data mining, Generated
data, Open data)

= Artificial intelligence (Deep learning, Neural
Networks)

= Machine learning (Dedision frees, SV,
naive bayes, random forest, particle filtering)

= Blockchains (Immutabie ledgers)

= Computer vision, image analysis

= Applied eptimisation

= Markov chains & Mente Carlo Markov
Chains

= Mobile applications (Android,
Iphone)

= Datavisualization

= Virtual Reality

= Augmented Reality

= SCADA visualization

= Realtime applications

= Context-aware applications

- Pervasive applications

@ Security, Privacy & Regulation

- Cybersecurity

Cryptography, AES, RSA, SSL, TLS, DTLS and VPN etc)

Encryption, Ciphers, Public Key Infrastructure, Eliptical Curve

= Network security

= Privacy, data protection (GDPR)
= Intellectual property

@ Management & Economics

= 10T Business models
= Menetization of data
= Innovation and entrepreneurship in loT

@ Industry, Society & Sociology

= Behavioral interaction

= Sodial changes, perception of "Small Devices as Big Brother”

= Smart cities, grids, transports, healthcare, homes ...

= Industrial Transformation (industrial IoT}

Figure 3: Technology list used in the inventory with industry partners
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After the initial inventory with the industry partners, we had enough information to discuss and decide which
courses we were to begin with. Once the decisions were made, we performed a series of workshops with the
same partner companies to get their input for creating relevant expected learning outcomes, prerequisites, course
contents, etc. for the syllabuses. The intended course responsible teachers led these workshops, which also
included shortly presenting relevant background theory on Bloom’s taxonomy (Bloom, 1956), the SOLO
taxonomy (Biggs & Collis, 2014), constructive course alignment (Biggs, 1996) and the usage of the right verbs
in syllabuses (Anderson et al., 2001), all in order to be able to get the most relevant feedback from the partner
companies. After the workshops, the syllabuses were handed off to the university's internal syllabus quality
review process, which has to have been carried out before the courses can be formally announced and given.

Course execution

Early on, we decided that these courses should not only be just for the formally enrolled students. We wanted to
reach a larger audience and support lifelong learning for everyone and anyone that could interested in the topics
of the courses. Even if they, for example, did not formally meet the course prerequisites of these advanced level
courses. Therefore, we chose to start each course with a live-streamed open lecture that was open and freely
available for anyone who wanted to learn more about the field. In this way, we also reached out to professionals
who did not have time to take on a full course. We could also use this open lecture as a recruitment event to get
more students to enroll. Since the course was open for late enrolment up to two weeks after the open lecture, and
this open lecture was the first introductory lecture in the regular execution of the course. We also made a large
effort in the marketing for this open lecture, sharing the event on all our social media channels, newsletters, to
our research partners, etc.

In our education model, we chose to also stream the subsequent regular lectures and give them live, but not
publicly. While at the same time record them so that the students who could not participate live still could take
the course and take part in the material. Furthermore, in order to save on the teacher's time and resources each
lecture also had an online quiz attached to it to ensure that the students had absorbed the material and so that
they themselves could test their own understanding. In these quizzes, we applied a simple approach that forced
the students to get all answers correct in order to pass, but they could retry as many times as they wanted
without penalty. Most engineering courses also have practical laboratory sessions as an effective pedagogical
tool to practice the student's engineering skills and techniques. But because the courses in our model were to be
given on distance, these practical laboratory sessions had to be adapted so that they can run them on their own
home or work computers without special equipment. All laboratory sessions were examined using oral
presentations that were managed by screen-sharing, where the students showed their code and presented their
work. Furthermore, all the lectures, quizzes, and laboratory sessions had to be encapsulated into suitable micro
learning sizes for the working professionals to take on the tasks when it best fit their own work and life
situations.

In order to support more networked learning aspects, we have also had weekly scheduled occasions where the
teachers were available online for questions, presentation, and discussion about the laboratory tasks, as well as
project supervision. These occasions were also used as opportunities for the students to discuss live and share
experiences in the course, the laboratory sessions, and problems in their regular operations as working
professionals. Each course also ended with a project assignment with case-based learning (Savery, 2015), where
students had great freedom of choice, in the exact focus of their projects. All in order for them to be able to
adapt the focus in their own learning to create win-win opportunities for themselves in their work and their
lifelong learning.

Evaluation and future partners

Both during and especially after each course we had to evaluate the course contents, the level of the quiz
questions, the laboratory tasks, and the overall progression within the course for the students. For the formative
evaluations we had the weekly student meetings and course forums to reach the students and collect their
feedback. But after the course, we both made short interviews with the students on their last session when they
presented their final project, as well as a formal standardized written course evaluation form sent out to the
students after each course has ended.

However, one especially important goal for us to give these courses was to establish new research partners, find
new potential research projects, and find partners for future funding. Because of this, the teachers were given the
task of collecting key information regarding the students work situation, their employers, and potential for future
collaborations. This information was collected both in one of the first tasks the students were given, where they
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should introduce themselves to each other, but also in the weekly discussion sessions. Finally, it was up to
research leaders together with the particular teachers in each course, to take these potential new connections to
the next level inside the research environment.

Results

As a whole we see our education model and the courses given as highly successful, since we have successfully
passed over 25 working professional students using it. We have also managed to spread knowledge to a large
audience beyond the enrolled students. Since we have had a substantial number of views at the open lectures,
which have been shown an average of 300 times per lecture and course. However, some improvements in our
model has been identified. When it comes to the courses themselves, we have had an average of § active
participants per course. However, the throughput has been low, which we have analyzed and evaluated to be due
to the fact that many professionals have been mostly interested in gaining relevant knowledge and getting access
to good course material and not the ECDT credits per se. Which means that many have chosen not to complete
the last project that involves report writing and oral presentation for grading and examination. But we can
observe that the overall participation in the online quizzes, lectures, and laboratory sessions has been in line with
other distance courses. Hence, we have determined that it primarily was the final project which lowered the
student throughput. A list of all courses given with our model and their throughput can be seen in Table 1.

Table 1: Course listing and results

Applicants | Participants | Passed
Applied machine learning (2020), 3 ECTS 150 28 5
Applied machine learning (2021), 3 ECTS 86 19 7
Internet of Things-protocols, 3 ECTS 59 6 2
5G technologies, 3 ECTS 46 6 1
Effects and strategies in IoT, 3 ECTS 42 22 12
Introduction to IoT-nodes, 3 ECTS 38 13 0
Applied network security, 3 ECTS 66 10 1

Another important aspect which was noted during the post course evaluations of these courses was the low
conversion rate from applicants to enrolment. Meaning that out of the 487 applying students only 104 were
actually enrolled later on the courses and started. Hence 383 students had their application invalidated either by
not fulfilling the formal prerequisites or by themselves not actively accepting their enrolment once they were
approved and had to formally agree to the enrolment.

Reflections and learnings

The cooperation with the partner companies was very fruitful and successful, especially in terms of gathering
their competence development needs and discussing priorities with regards to the course offering. The

courses were designed on their requests to be completely digital with no mandatory on-campus presence, which
also worked very well during the COVID-19 pandemic. All lectures were recorded which created flexibility for
the students and allowed them to view the lectures when suitable (Collis, 2002). In addition, the weekly sessions
were scheduled so that students get live help from teachers, ask questions, and network learn from each other
(Gourlay, et al., 2021). Some working students even asked for some evening time slots for tutoring, which we
were able to fulfil as well. Because of these types of special circumstances, we have had many reflections and
discussions on the need for finding teachers with the right competence to deliver these types of courses. A
teacher in these courses for working professionals must for example be able to plan the course carefully and
university leader functions need to make sure that the right teacher competence is available at the right time
when the course is to be given. The digital format has required support to be available for less digitally
experienced teachers and students. But as everyone gets more acquainted and comfortable with the digital
format, which almost happened by force now during the COVID-19 pandemic, we expect the need for such
support to decrease going forward.

After our initial course, several weaknesses in the internal administrative processes at our university

were identified. Hence, we performed a workshop with all relevant personnel to identify improvement
opportunities and to design a process for development and implementation of the courses. Which resulted in the
process picture shown back in Figure 1. The workshop identified for example different internal obstacles,
different ways to handle the inertia of the administrative system, and time constraints for new courses. Based on
this discussion, a template was developed for gathering the necessary information that the administrative
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functions need to set the correct dates and specific information regarding the courses in the administrative
education systems. Hence, we believe that by following this new process, the amount of manual double
checking by the project manager will also decrease going forward.

However, and as previously mentioned. The percentage of students that completed the courses was relatively
low. Many of them attended the lectures and did most of the laboratory work but did not go the whole way

and presented their work to the teachers. Hence, they did not receive all their ECTS credits, but they hopefully
still had gained their desired knowledge which was the primary reason for them attending the course and their
lifelong learning. However, we need to revisit the tasks and learning goals to make them better and more
relevantly aligned (Biggs, 1996) for the situations of the working professionals. We could also see that the
completion rate was higher when there were at least two people attending from the same company as they could
work together and discuss the course among themselves at their workplace. Another learning is that oral
presentations of the laboratory work were preferred over the written presentation as in the final project

report. Finally, a very positive take-away from our implementation of the model was the arranged open lectures
at the start of each course. They were particularly good opportunities to market the course by inviting people to
take part in this first open lecture and well appreciated by many of our research partners.

Finally, one very important insight we had after giving all these courses was that we have identified two distinct
types of courses. And these two types could be characterized based on the number of participants in each course,
their different technological focuses, and their degree of co-production with the partner companies.

The first type of course in our model was the broad recruitment courses, which were created based on the broad
needs of the industry and our partner companies. The course in applied machine learning was a typical example
of this kind of course, where an entire industry is looking for more knowledge in the machine learning field
right now. This type of broad courses given in an attractive area has the potential to recruit many students. We
see that these courses are important for creating a critical mass in the project and that they provide an
opportunity to find new contacts, new students, new collaborations, as well as to market our concept and the
other subsequent courses. These courses meet the general needs of the business community and are strongly
linked to our regular course catalogue.

The second type of courses were narrower in focus and more specialized profile courses, i.e. courses where we
had research excellence. These courses can to some extent be seen as a continuation of the general broad
courses, but with profiling towards our areas of expertise and strongly linked to the research within our research
profile. A typical example is the course in 5G technologies that we have given within our model, which is
strongly linked to our research center, research profile, and a specific research group. The co-production in these
courses were higher and the courses themselves were more unique. Where we have been alone, or at least one of
few high education institutions in Sweden who even have the knowledge to give these types of specific profile
courses.

The future

We are currently working on refining our model and plan for future courses. See Figure 4 for an overview of our
new educational concept. One of the primary insights for this future is that we will work more with the different
categories of courses. Both the two previously identified types, the broad recruitment courses and narrower
profile courses, as well as a completely new third type of course. Which will focus on even greater co-
production.

Recruitment courses Profile courses Jointly developed company specific courses
Broad courses Narrower/deeper Extra high co-production
Effects and strategies
in Internet of Things

Applied
Internet of Things

5G Technologies

Enerzylkianvestng Ex. Predictive maintenance and

analysis in forest industry

loT Network Security

Low Power Wireless Comm.

Ex. Network security challenges
for governmental entities

Virtual/Soft-sensors

Effectsand strategies
in Al/ML Embedded ML/AI
Applied Deep Learning
Maskininlarning

Ex. Computer vision for
effective remote control
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Figure 4: Overview of our general approach and execution for courses aimed at working professionals

We call this third type of course jointly developed company specific courses. In which we will have the deepest
co-production, but with a specific company. The purpose of this is to create courses that really address a specific
need of a company. But to create such a course will also require a great deal of work, problem analysis, and
especially collaboration. We imagine that these courses will be like small joint research projects in course
forms, where we together explore an area, learn from each other, work with companies' specific problems and
work and apply knowledge from the research front. A form of networked learning between companies and the
university. Where one of the goals of these courses is that they should lead to follow-up new research projects
from other funders. An example of such a course could be a course in predictive maintenance in the forest
industry, which then would be developed together in close collaboration with a company in the forest industry,
for example SCA. Another example could be a course in computer vision for effective distance control of
machinery, together with for example HIAB which is a company that develops hydraulic cranes.

We are currently working on acquiring funding to implement this next step, as well as a review of the courses
didactics and pedagogics to investigate various possibilities and future avenues to explore in order to increase
the throughput and increase the activity rate of the working professional students.

Conclusion

This article presented our model for giving courses to working professionals, in the technical domains of
computer and electrical engineering. We presented the model itself, a detailed explanation of each part inside
the model, our course execution, the student results from these courses, and finally some reflections and lessons
learnt.

The first research question was related to which elements that are required for creating lifelong learning aimed
for working engineers. We see these leading keywords as our means to address this research question and from
which our whole model was created. These key words were: Need and trend-based education offerings, Up-
skilling and Re-skilling, Micro-learning and flipped classroom, Flexibility both in time and place, and finally
Win-Win possibilities. To these we then have set up a number of activities as parts of the model's
implementation. See section Model for more details regarding the specifics around these.

The second research question was on how the pedagogics and didactics can be designed to support networked
lifelong learning. Here we see that we have not come all the way to the end, as more work remains.

We have carefully thought and set up many of the activities in our model, including the open first lecture, the
self-examining online quizzes, and the self-paced adapted laboratory work. As well as enabling the students to
network learn through discussions among the working professionals. However, since the throughput of passed
students were low, we need to rethink the final examinations in the courses. The working professionals did
neither have the time nor ambition to pass the final part to get a final grade and course credits. Even if many of
them did the practical work and gained the necessary skills. Hence, the tasks and learning goals must be better
and more relevantly aligned for the situations of the working professionals.

We aim to continue this work during the next year by refining our concept and giving even more courses, as
well as achieve even higher co-production with the new co-developed company-specific courses. All in order to
enable and support lifelong learning of working professionals and working engineers in particular.
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