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The traditional approach to teaching computer system and IOT involves the presentation of a large amount of

theoretical and mathematical data and materials to students. The common approach is a theoretical explanation of the

principles, on the whiteboard and if possible, with the use of graphical animations. The main issue in this area is raising

interactivity and getting collaboration between students on project assignments. In this paper, authors are proposing

more interactive approach that could be beneficial to teachers of related subjects. Presented are the results of using

software and simulating tools (in combination with Arduino hardware development solution) for teaching collabora-

tively and interactively courses related to IoT. The paper presents ideas for implementation of practical and experimental

project assignments, student engagement and collaboration. The paper also presents the results of authors after applying

this approach to one generation of students. The application access with practical assignments gave markedly better

results, measured through student engagement, classroom attendance and distribution of student results. In this manner,

the students had a better understanding of the basics of the microcontrollers, sensors, IoT and were willing to engage in

programming of microcontrollers at the lower level. Students have also shown better results in closely related courses

such as the courses of operating systems. In addition, some students continued to use IoT platforms for future projects

(in college or practice).
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1. Introduction

The course entitled Fundamentals of Computer

Science belongs to a group of basic subjects at the

Faculties of Information Technology and Electrical

Engineering, it covers a wide range of areas. Course

is aimed at gaining knowledge about the function-
ing of the computers, introduction to mathematical

and logical fundamentals that underpin the work of

digital systems, as well as the study of the basic

hardware components of computers, their charac-

teristics and principles of microcontrollers and IoT

functioning.

The authors have identified that the main pro-

blem in the knowledge transfer from the field of
computer science is different foreknowledge and

student motivation in the field. Thus, the primary

objective of the course is to introduce students to the

mathematical foundations of computer techniques

and point to the significance of the binary number

system possibilities as the most appropriate for

modern electronic technology. The course involves

students in the practical work with IoT controllers
on the basics of computer organization through the

Intel x86 family and ATmega328 chips and their

functioning. It also involves the presentation of

hardware organization in the personal computer

through the demonstration and implementation of

the most important components. Due to the pre-

viously mentioned main goals of the course, it is

necessary to actualize the course annually. To that
end, it is necessary for the teacher and the course to

support the appropriate educational approaches,

materials and learning conditions.

This paper describes a model for interactive

teaching of IoT and computer techniques, used in

the course Fundamentals of Computer Engineering

during the 2017/2018 and 2018/2019 school year.

The course was held with a group of 120 students in
each study year. The model is based on the use of

mTutor (on-line testing platform), Tinkercad (on-

line IoT simulation platform) and Arduino soft-

ware simulating tools in combination with Arduino

hardware development solution. The paper shows

the evaluation of the proposed model in terms of

student engagement, classroom attendance and

final scores of students in terms of progress com-
pared to the previous generation.
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2. Related Work

In this section, the authors discuss other existing

models for interactive and collaborative

approaches to learning the fundamentals of com-

puter science [1–7].

Authors in [1] describe the challenges faced in the

implementation of active learning methods and
Collaborative Teaching and Learning Strategies

for Communication Networks. The experiences

resulted in a blendedmethodology, which combines

collaborative and problem-based learning with a

learning management system.

In paper [2] Jin presents Collaborative Instruc-

tional Models for Teaching Community Service to

Engineering Students. This study aims to develop
instructional models for service learning in engi-

neering education and verify their effectiveness

using a formative research methodology. This

study examined the effects and improvements of

instructional models for service learning by apply-

ing the models to the service-learning courses.

In their paper [3] Igor Zubrycki and Grzegorz

Granosik also dealt with the problem of introdu-
cing modern robotics and computer components to

their students. They believe that the benefits of

using ROS (Robot Operating System) are vast

and worth our work of finding skillful methods,

easy to use tools and appropriate knowledge, to

involve even less ‘‘computer science type’’ students

in using this modern robotic tool. They have also

reported the results of students’ projects and con-
cluded that the best way to introduce this frame-

work is to use simplified solutions. Their students

are not experts in computer science and have little

experience in typical software development. Yet

they have the broad knowledge of other disciplines,

which can introduce them to ROS. Making use of

physical devices such as Arduino boards with

sensors makes ROS functionality easier to under-
stand and gives moremotivation than just a simula-

tion. The authors Igor Zubrycki and Grzegorz

Granosik confirmed our assumption that experi-

ments with online tools convinced them that this

approach is also attractive.

Also, in [4] Valdivia and Nussbaum describe the

application and effects of technological support for

collaboration in a computer science course for
engineering students. The technology in question

is based on a wireless network of PDAs that

implements a classroom dynamic to stimulate com-

munication, discussion while agreeing on questions

put to students.

‘‘Problem-Based Learning for Foundation Com-

puter Science Courses’’ [5] by authors J. Kay, M.

Barg, A. Fekete, T Greening, O Hollands, J. H.
Kingston andK. Crawford paper describes some of

the challenges and how the authors have designed

problem-based learning (PBL) courses to address

them. The authors discuss that the problems were

keen to overcome: the purely technical focus of

many courses; the problems of individual learning

and the need to establish foundations in a range of
areas which are essential for computer science

graduates. The authors conclude with a summary

of experience over three years of PBL teaching and

discuss some of the pragmatic issues around intro-

ducing the radical change in teaching, maintaining

staff support, and continuing refinement of our

PBL teaching.

Author M. Ben-Ari in his article ‘‘Situated
Learning in Computer Science Education’’ [6]

examines situated learning within the context of

computer science (CS) education. Situated learning

accurately describes some CS communities like

open-source software development, but it is not

directly applicable to other CS communities, espe-

cially those that deal with non-CS application

areas. Nevertheless, situated learning can inform
CS education by analyzing debates on curriculum

and pedagogy within this framework. CS educators

should closely examine professional CS commu-

nities of practice and design educational activities

to model the actual activities of those communities.

The courseware engine as a virtual classroom for

active and collaborative teaching present in paper

[7]. This paper focuses on explaining how TELD is
used as a virtual classroom for active and colla-

borative teaching and learning. TELD represents a

method of ’teaching by examples and learning by

doing’ that unifies several contemporary methods

such as problem-based learning, project-based

learning, and case method in medical, engineering,

and business education respectively.

Paper [8] explores a novel approach to harnessing
the Internet-of-Things (IoT) as a teaching and

research vehicle in education. The IoT is the latest

innovation and increasingly growing area to be

implemented in all areas of life especially in higher

education [9].

Paper [10] presents a review of traditional educa-

tion (previous classroom education) and online

education. In conclusion, IoT has overcome the
disadvantages of online education; moreover, IoT

removes the traditional barriers of teaching and

learning. On a different note, understanding IoT

with its advantages and disadvantages will help

reach its aimed vision, and here we can benefit

from it greatly. This paper discusses the usefulness

and applications of IoT in the field of education.

Moreover, it tries to present the recent research
works, challenges, and impact of IoT in future

education [11]. IoT stands to change dramatically

the way universities work and enhance student
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learning in many disciplines and at any level. It has

huge potential for universities or any other educa-

tional institutions; if well prepared to ensure a

widespread and successful implementation by lea-

dership, staff, and students. IoT needs development

where universities can lead. Academics, research-
ers, and students are in a unique place to lead the

discovery and development of IoT systems, devices,

applications, and services [12].

3. Proposed Solution

The first step towards improving the teaching of the

course entitled Fundamentals of Computer Science

meant to increase the level of interactivity between

students and presented material. The traditional

approach involved the implementation of instruc-

tor lectures presentation with the help of Power-

Point presentations with the passive participation

of students as listeners, and oral discussion. While
the exercises were implemented with the classical

demonstration method of implementation using

PowerPoint materials and tasks solving with the

help of the traditional table, paper, pens andwritten

tasks. The main drawback of this approach is the

low level of abstraction and the lack of interaction

during lectures and exercises. Besides, a consider-

able amount of time was needed for the realization
of complex tasks that demonstrate the specific

circuits and components. Also, as the realization

of the course progressed, the authors observed that

it was hard for the students, who did not continu-

ously attend and master the lecture and exercise

parts, to understand andmaster the material as well

as the colleagues who attended all the classes. It

should also be borne in mind that the level of
students’ prior knowledge of computing in each

group differs, which is reflected in different possibi-

lities for implementing complex tasks and asyn-

chronous group work.

To facilitate the cooperation among students, the

problem-solving methodology has been developed

that uses a hardware solution, a software simulator

and competition groups through electronic tests.

The model enables the cooperation of students in

problem-solving and smoother progress at the
group level.

The application of the proposed model in the

course with the specified extensions to the tradi-

tional model has shown significantly better results

for students (engagement, grades, attendance,

activity, creativity), which are discussed in the

section related to the evaluation of solutions.

3.1 The Use of Modern Solutions

The authors have been teaching the course entitled

Fundamentals of Computer Science since 2011. The

first generations of students attended the course

relying on the previously described traditional

teaching methods. Since 2015, the implementation
of the teaching method includes the mini metrics

tests within solutions for testing and adopting

knowledge (mTutor) developed at the University.

The solution mTutor allowed the verification of

mastering the course material within a relatively

short period. The student was committed to mini

tests at the end of eachweek. Eachmini test lasted 15

minutes and the students were able to solve pro-
blems in areas presented in the teaching week. The

implementation of this solution significantly

improved the course, since the professors were

able to receive considerable feedback on the areas

that students mastered, but also those they found

problematic. By implementing the solution such as

mTutor, it was possible to test their knowledge and

to transfer knowledge from one student to another
in a large group in a relatively short time frame.

During the period from 2015 until 2017, based on

the results obtained from students, each generation

of the authors was working on the course syllabus,
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continually improving it. Also, considerable

resources were used to develop better presentations

and teaching materials. The mTutor solution has

significantly improved feedback and allowed better

preparation of the students’ assessment. However,

the mTutor solution was not enough, as it could not
make the lectures more interactive and provide a

better way of knowledge adoption and transfer.

Besides good feedback, the solution had its limita-

tions, which were reflected in the fact that the basis

of knowledge transfer remained the same.

The next step was the implementation of a soft-

ware simulator in the course syllabus. The first

implementation included the author’s solution
that has been developed in Java. Already in the

first implementations, it turned out that these solu-

tions were not attractive to students and did not

develop an interest in further interaction or an

increasing level of interest towards the subject.

The next attempt was by the convergence of hard-

ware (tangible solutions). The choice of hardware

solution that would offer adequate simulators for
independent work and experiments was adopted in

favor of Arduino. The platform was designed and

developed for learning and knowledge transfer, and

therefore the authors expected positive feedback by

the students.

As the authors will show in this paper, it turned

out that a good choice of hardware solutions and a

software simulator with a constant level of knowl-
edge adoption in the transferred knowledge is the

winning combination of quality. The authors

believe that this combination can achieve signifi-

cant results.

To check the quality of the transferred knowl-

edge and the knowledge reception, a system for

electronic testing mTutor was developed. The

system mTutor supports the teaching process with
a series of weekly mini tests after the lectures and

exercises. Professors and assistants use these tests to

get feedback on the areas that students have not

mastered well so that they could devote more time

to those areas in the upcoming period.

The next challenge of the lecturing process was

the more significant involvement of students. Rely-

ing on their previous experience with the self-
developed solution, the teachers chose a proven

and extremely user-friendly software package Tin-

kercad by Autodesk. This online software package

allows both beginners and experienced users to

create IoT simple and complex electronic schemes

using generally accepted and easy-shelf electronic

components. Additionally, this solution has the

possibility of simulating the programming work
of ATmega328P microcontroller, which is imple-

mented on one of the most popular development

boards Arduino Uno.

The implementation of hardware parts for stu-

dents to work with was the next logical step of the

previously mentioned solutions. It was done so that

students got even closer and more involved in the

field of IoT, microcontrollers, sensors, and electro-

nics. The teaching staff decided to implement inno-
vative hardware through the Arduino Uno Starter

Kit [16] plus additional sensors like ultrasonic,

infra-red, electromotor, etc. The package itself

was designed for future users through over 15

exercises of varying difficulty hardware and soft-

ware implementations.

Due to the introduction of new elements into the

teaching syllabus, the course syllabus needed to be
modified so that it could correspond to the actual

model being used for teaching modified course with

new lecture materials and equipment.

3.2 Labs examples

This part of the paper contains examples of labora-

tory exercises based on the use of previously
described solutions [12–14]. The laboratory exercise

is one of the introductory laboratory exercises in the

course. It refers to the use and development of

electronic elevator circuits as one of the examples

whose usage students encounter daily. Familiarity

with the case is identified as a key factor for students

interested in solving the problem. Another labora-

tory practice refers to something more complex,
implementation of acceleration, temperature, and

light sensors to control devices custom settings.

This exercise is more complex than the exercise

related to the elevator circuit and involves the

participation of more students when it comes to

collaborative learning. In addition to selecting the

right elements, it requires the right program on a

controller and the appropriate parameters for simu-
lation of the processor chip itself.

3.3 Elevator Circuit

The elevator circuit is one of the easiest ways to

move a student’s attention closer to the base of

electronic components and electronic schemes. In

today’s elevators, more complex elements are being

used than those realized in laboratory exercises.
Nonetheless, elevator circuit example logic and

implementation through logic gates are very suita-

ble for the demonstration of the basic concepts and

can be applied in practice. Fig. 1 represents a simple

model of realization of elevator circuit via 74HC

series of integrated chips and via 8-bit program-

mable controller ATmega328 that can be found on

Arduino Uno simulation bord.
The observed parameters include three positions

of micro switches that are realistic representations

of the microswitch being used on an external door,

inner door, and pressure sensors in the cabin floor
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of the elevator. The students receive a task (pre-

viously described) in the form of textual problems

to which they adopt the electronic elements and

propose solutions in groups or independently.

3.4 Adjusting Electronic Devices to Physical

Ambient

While the first scenario could have been successfully

simulated in the Tinkercad solution, and software
switches used could successfully represent the status

of physical microswitches in the elevator, problems

for the simulation environment appeared with the

sensors used in real-world scenarios. The problems

in working with the simulator occurred during

examples with temperature and light sensors. The

values of temperature and light sensor could suc-

cessfully be represented as a digital value in a
simulator. Nonetheless, the teachers noticed that

students better accept information and knowledge

when they can try and see what these values and

parameters mean in the physical world. The values

represented by the elevator micro switches that

have exclusive state 0 or 1 are easily conceivable,

however, with conditions such as temperature or

the amount of light, it is not possible to define such
exclusive parameters. These conditions have

weighted values in microcontrollers that are con-

verted from the analogue world to their digital

form. It is possible to present these values via digital

representations of the analogue world in the simu-

lator, but it turned out that this way of presenting a

sensor to the students involves poor student moti-

vation. With this poor motivation for using soft-

ware-simulated sensors, the desire to solve complex

tasks was lacking, and it was necessary to overcome
the given problem.

From this point, it has become evident that the

use of Arduino Starter Kit will be necessary for the

students to get involved and familiar with physical

sensors that acquire data from the physical world

and programming of microcontrollers that convert

this information with digital systems. Although the

first exercises were simple and used only a few
electronic components, they managed to get stu-

dents attention and were also able to adequately

present the possibility of implementation of electro-

nic components to collect analogue information

from the physical world and transforming them

into digital form. The TMP36 analog temperature

sensor has been used. It outputs an analog value

that is proportional to the ambient temperature.
For the exercise with an ambient light sensor, three

photoresistors and RGB LED have been used in

combination with RGB foils represented in Fig. 2.

As expected, it turned out that these exercises

motivate students to implement project tasks as

described in project documentation and to develop

their ideas and modify the existing ones. The
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aforementioned solution has triggered creativeness

and teamwork in solving problems and tasks that

(in previous years teaching) were often problematic

and monotonous, and therefore difficult to under-

stand.

3.5 Application of Mini Tests

Along with the introduction of simulation software
for electronic devices and simulation of the envir-

onment in Tinkercad software, a mini test was

introduced for monitoring the student progress in

the observed area. Mini tests were formed through

the electronic test and were represented as tasks

with multiple-choice answers with a self-developed

software system named mTutor. The questions in

the context of lectures and exercises were formed
solely based on the processed material in the given

teaching week. This test enabled students to review

how well they mastered the course material and

provided the teaching staff with feedback on areas

that need more detailed processing.

The tests included between 15 and 20 questions,

depending on the area being covered in the lecture

week. The tests were based on multiple choice
questions with predefined answers. The tests were

formed from a predefined database of questions, so

each student received a unique test. It guarantees

independent preparatory work of students for the

test. The tests showed that the individual work was

a better solution for the mini test because it devel-

oped competitive spirit among students, which

enhanced student attentiveness during the presenta-
tion of study material and better results in after

class tests. InArduino andTinkercad simulations, a

better solution was to provide a group work task,

since it led to faster and more efficient solving of

complex tasks and assignments. It also led to

achieving self-developed solutions not mentioned

in textbooks and manuals.

In each of the tests, students, student data, the
results previously achieved in the mini test and the

computer on which the test was performed were

monitored. After the test, the student would have

received the notice of the percentage performance

on mini tests but could also see their tests and

correct and wrong answers for each question.

Similarly, the teachers also received individual as

well as group test results. There is also the teaching

part of the application, where teaching staff can

define each of the individual tests, change or adapt

the representation of questions that appear in the

test. Besides, after doing a group mini test teacher
can determine how specific issues were represented

in the tests, but also how certain issues are resolved

successfully or unsuccessfully.

The example generated for teaching staff upon

the test is shown in the figure below, where the first

column presents the number of students who

received a particular question within the mini test,

while the next column presents the percentage of
successful response rates. Fig. 3 shows the possibi-

lity of analyzing the percentage of successful

response rates for the question in the second

course week.

4. Evaluation

The introduction of the described tools resulted in
good student reaction and apparent positive effects.

One of the most essential observed effects is the

exchange of knowledge and understanding between

students. The students who adopted the knowledge

more quickly understood the concepts positively

and influenced the students who needed more time,

primarily in the desire to help their colleagues and

to foster competitiveness and provide themselves
with aides to perform scenarios that required more

participants. In this way, teachers avoided student

polarization and separation of groups depending

on the speed of mastering the material, and the

described method enabled faster progress of the

entire group. The teachers experienced similar

student activities and behavior in their previous

work with CrypTool software [15].
Additionally, the course attendance has signifi-

cantly increased so that more than half of the

teaching class in 2018/19 attended by more than

75% of students, compared with 59% of students

Marko Sarac et al.1076

Fig. 2. The physical representation of described exercises of acquiring analogue data into the digital world.



in the previous year. Fig. 3 provides a compara-

tive analysis of course attendance for student
generation 2017/18 (dotted line) and generation

2018/19 (full line). The first and the second

midterm causes peaks in course attendance in

week 6 and week 12.

The mean of the control group results was 7.34,

the standard deviation was 1.53 and the variance

was 0.09. For the results of the treated group, the

mean was 8.12, the standard deviation was 1.43
and variance was 0.10. Based on the comparison

of results with the corresponding values in T –

table (for a statistically acceptable p-value of

0.0001 calculated based on degrees of freedom

for both groups), a statistical difference could be

observed.

The improvements could also be observed in the

final exam student results and grade distribution in
the first three exam terms upon the course comple-

tion. In the following figure, Gaussian distribution

was used for ideal measurement. A comparative

analysis was performed for student generation

2017/18, which did not have the course with paper

described methods, and generation 2018/19 with

paper described methods implemented in the

course syllabus. As represented in Fig. 4, generation
2017/18 had much lower average grade and much

higher numbers of a minimum passing grade (grade

6), and the number of maximum grades (grade 10)

for this generation was trivial.

After applying paper described methods, next

generation, generation 2018/19 had a much better

average grade, a much lower number of minimum

grades, and a higher number of maximum grades. It
is worth mentioning that generation 2018/19 also

did not fulfil ideal Gaussian distribution, but it was

much closer to it than generation 2017/18.

5. Conclusion

This paper presents a solution for interactive and

collaborative work of students in mastering the

material basis in the field of computer science and

IOT related courses. The proposed solution is based

on engaging students with the use of self-evaluation

through electronic testing, simulations of realistic

scenarios with online IoT electronic components in
Tinkercad, and real-world implementations with

Arduino Uno Starter Kit hardware solution.

The use of proposed solutions ensures the appro-

priate level of abstraction in working with IoT

electronic components and principles and basic

algorithms of programming microcontrollers. The

presented methods are not time-consuming regard-

ing the realization of theoretical procedures in
implementation. The focus was moved from under-

standing the mathematical foundations and algo-
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Table 1. T-Test result and intermediate values

Intermediate values used in the calculation

Control Group Treated Group

Mean 7.34 Mean 8.12

SD 1.53 SD 1.43

SEM 0.09 SEM 0.10

N 115 N 126

The standard error of the difference 0.138

Degrees of freedom 473

T value 5.5888

Confidence interval

CG mean – TG mean –0.77

Confidence interval (95%) –1.05 to –0.50

P value and statistical significance

P value 0.0001



rithms to understanding the architecture and com-

plex systems and the use of best practices for their

implementation, which was a more suitable
approach for the first-year students.

The paper presents and discusses the results of

the approach being implemented. Also, a better

final grade of students, a significantly higher inter-

est of students in this field could be observed, which

is manifested in the form of greater classroom

attendance and more active and creative participa-

tion in lectures and exercises. Besides, there have
been better continuity in studying at both indivi-

dual and group level. Based on a good experience

within the evaluated group, further experiments

will be made. But the current model is already
promising and can be recommended to teachers

working in the field of computer science and IOT

related courses.

For further work, the teacher will continue to

promote their teaching model and course syllabus

with a new software and hardware solution to

enable future generations of students to assimilate

course materials more efficiently.
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