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Abstract—The purpose of this study was to examine students’ computer atti-
tudes and experience, as well as students’ perceptions about the use of Jupyter
notebook in the Electrical Engineering context, specifically in teaching Power
Systems. The TAM approach is used to create a questionnaire with a 5-point Lik-
ert scale, with a decided midpoint of 2.5. This is used to determine the students’
degree of acceptance and perception of the Notebook as a Teaching/learning tool
for a power systems course. The Standard Package for Social Scientists (SPSS)
was further used for descriptive statistical analyses. Results suggest that students
hold favorable computer attitudes and perception about the use of the Jupyter
notebook in power systems education. However, certain factors need to be con-
sidered when making the choice of software application to be used to facilitate
students’ learning. For instance, in this study, students did not consider the soft-
ware to be highly useful in their future work life. Furthermore, the feedback from
respondents can help software developers make informed decision about aspects
of the application to improve.

Keywords—Student attitude and perception, Jupyter notebook, Free and Open-
Source Software, Power system education

1 Introduction

ICT has become an indispensable part of learning in the academia today. Its educa-
tional uses can be potentially quite numerous [1]. The millennials are heavily in contact
with technology through modern gadgets [2]. A number of studies have been done on
the use of ICT in education. In [3], the impact of ICT on students’ learning outcome
was studied. With focus on the engineering discipline, the authors of [4] proposed a
unified education platform integrating different software for practical training. Attitude
is a key element in understanding educational processes in a learning environment [5].
The impact of ICT on students’ learning experience is partly determined by their atti-
tude and perception of its use. In order to assess this impact, therefore, it is important
to investigate student’s attitude and perception. Some research works have focus on
these variables. The computer attitude, experience and perception with regards to the
use of Arquimedes and Google Drive Spreadsheets in building engineering was studied
in [6]. The authors of [7] presented a study on the attitudes and perceptions of students
towards the Software Factory learning environment. The author of [5] investigated the
effects of attitude with respect to learning in engineering drawing, taking engineering
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students as a case study. In this study, we investigate the perception of fourth-year stu-
dents on the use of the Jupyter Notebook in power systems optimization. The Jupyter
Notebook is an application that enables the creation and distribution of documents that
may contain text, live code, graphs, equations, graphics and videos. The Notebook was
employed in the delivery of practical tasks to fourth-year students of Power Systems at
the University of Johannesburg, South Africa. It was well suited for the task as it pro-
vided an all-encompassing platform for the students to watch video tutorials, write, edit
and run codes, and visualize graphical results. The practical tasks bordered on the eco-
nomic dispatch (ED) problem of power systems. The ED of power systems is usually
represented as an optimization problem which is solved by an optimization tool [8]. A
Python-based optimization tool — Gekko is to be used to solve the ED problems of the
practical tasks. To enable this, it is integrated into the Jupyter Notebook. In addition,
the Notebook contained relevant video tutorials, links to external resources, as well as
a solved ED example. This study was designed to explore the following objectives: 1.
To study students’ attitudes towards the use of the Jupyter Notebook in power systems
and how it impacts students’ learning experience. 2. To assess students’ perceptions
about the use of Jupyter Notebook in power systems engineering.

2 Conceptual Framework

This study is concerned with the perception and attitude of students to the use of
FOSS as a teaching and learning tool in power system education. Hence, there are two
factors to consider, perception and attitude. Individual perception and attitude deter-
mine the mode of their thinking, action and inclination to respond to different chal-
lenges [9]. Therefore, student perception and attitude are key factors when introducing
them to a new technology. A diverse means of acceptance and usage models of the
technology was proposed to examine and predict the level of acceptance of the technol-
ogy and its usefulness [10][11][12][13]. These models include Technology Acceptance
Model (TAM) [10], which has been used by many technologies and its patterned to
detect the level of acceptance of information technology. Furthermore, it is predicted
that the results obtained from TAM model will have a great value on its users [10][11].
Other areas of applications include learning-assisting tool [12] and monitoring patient
acceptance in remote locations [14]. In this study, the method used considered the TAM
approach, such as perceived ease of use, usefulness, reliability, ability to foster learning
and enjoyability of the software.

o FEase of use: This is perceived as the easiest means to understand, interact and be-
come skillful with the new technology.

o Usefulness of software: A new software is perceived useful when a particular user
believes that the software will improve research, work and have add value to them.

o Reliability of Software: This is expressed in term of output quality obtainable from
the software with high level of accuracy.

o Ability to foster learning: This is perceived as a means of acquiring new skills and
encourages lifelong learning.

o Enjoyable: Is the level of comfort the user enjoyed when using the new software
aside from the reliable performance attributed to the software.
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Finally, the purpose of this study is to examine students’ attitudes towards the use of
FOSS as a teaching tool and to describe their perception about the use of Jupyter note-
book in power system education. This is achieved using descriptive statistics such the
frequency, means, standard deviation and percentage.

3 Methods

The data was collected using self-administered questionnaires. Analysis is a system-
atic and scientific approach to reaching a continuous conclusion by examining data.
Hence, this section presents the method and material used for data analysis. The objec-
tive is to understand the student attitude and perception about the use of Jupyter note-
book software in power systems education.

Table 1 show that a total number of 71 questionnaire were distributed. However,
only forty-five (45) questionnaire, which represent 63.38 % of the expected responses,
was retrieved and suitable for analysis. Table 2 shows the characteristics of the students.

Table 1. Questionnaire analysis

Questionnaires Frequency Percentage (%)
Distributed 71 71
Returned 45 45

Table 2. Respondents Characteristics

Frequency Percentage
Age
Below 15
16-20
21-25 30 66.7
26-30 6 13.3
Missing 9 20.0
Total 45 100.00
Above 30
Gender
Male 31 68.9
Female 8 17.8
Missing 6 13.3
Total 45 100.0
First Time of registration for Power system
Yes 35 77.8
No 6 13.3
Missing 4 8.9
Total 45 100
Frequency in computer use (Hour/weeks)
<1
1-5
6-15 11 24.4
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15-30 9 20.0

>30 21 46.7
Missing 4 8.9
Total 45 100.0
Computer and Internet access
I have a personal desktop/laptop with internet access 21 46.7
I have a personal desktop/laptop with NO internet access 9 20.0
I have access to a desktop/laptop at home with internet access 3 6.7
I have access to a desktop/laptop at home with NO internet access 8 17.8
I neither have access to a desktop/laptop and the internet - -
Missing 4 8.9
Total 45 100

3.1  Participants

The data from the student profile show a total of 45 power systems students from
University of Johannesburg, South Africa. There are 31 male students (68.9%), 8 fe-
male students (17.8%) and 6 participants (13.3%) failed to disclosed their gender. The
sample age of the students shows that 66.7% of the students are within the age bracket
of 21-25 years, while 13.3% of the students are of 26-30 years of age. This is an indi-
cation of the student’s maturity to give a reliable information. The data available from
the number of students that registered for power systems, shows that 77.8% of the stu-
dents registered while 13.3% failed to register. All the participants were taking this
course for the first time. This gives an indication of a lower level of student’s awareness
to power systems and higher level of student first time registration for power systems.
Regarding the student accessibility to personal desktop/laptop, 46.7% have with inter-
net connection while 20% are without internet connection. Similarly, 6.7% of the par-
ticipants have access to a desktop/laptop at home with internet connection while 17.8%
have access to a desktop/laptop at home but without an internet connection. This is an
indication that a lot of the participants have good experience of computer.

3.2 Instrumentation

Questionnaire was administered to the participants which consists of three sections.
The section A gives the socio-demographical information of the participants such as
age, gender, course registration, accessibility to computer and internet. Section B pro-
vide information on the students experience with the use of Free and Open-Source Soft-
ware (FOSS) as a tool for teaching and learning in Engineering Education and Power
Systems. The participants can provide answer to this section using the following indi-
cators (5= Strongly Agree, 4 = Agree, 3 = Unsure, 2 = Disagree, 1 = Strongly Disagree).
The five-point indicators allow the student to show their level of agreement or disagree-
ment to the questions. Section C sought for the relevance and efficiency of the use of
Jupyter Notebook in teaching Economic dispatch in the Power Systems using the same
indicators as in Section B. This section was split into two: Teaching Method Using Free
and Open-Source Software (FOSS) and Learning Using Free and Open-Source Soft-
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ware (FOSS). This section was used to analyse the efficiency especially when consid-
ering the ease of use, usefulness, reliability, ability to foster learning and enjoyability
of the software to the students.

33 Procedure

Students were exposed to models of the economic dispatch problem of power sys-
tems. These models, which are usually represented as optimization problems, were
solved using a python-based optimization tool called Gekko. The students were intro-
duced to Gekko which is integrated into Jupyter Notebook with video tutorials and an
economic dispatch example. Students could adjust the parameters in the examples and
alter the coding in the Jupyter notebook to solve more practical tasks and the results
could be observed in the graphical solutions. At the end of the course, the students were
familiar with the use of Jupyter as a learning tool.

3.4  Data analysis

In order to justify the findings, the acquired data were analysed using descriptive
measures such as the means frequency, standard deviation and percentage. This is
achieved through Standard Package for Social Scientists (SPSS). Furthermore, five-
point indicators (5= Strongly Agree, 4 = Agree, 3 = Unsure, 2 = Disagree, 1 = Strongly
Disagree) was employed to allow participants to show their level of agreement or disa-
greement on the teaching method and learning method using the FOSS.

4 Results and Discussion

With a focus on the first objective of this study, this section presents an assessment
of students’ attitudes to the use of the Jupyter Notebook in a power systems course. As
shown in the Table 3, under the first subsection, the recorded mean value for the state-
ments is each higher than the midpoint used in this study, indicating a general ac-
ceptance of the use of the Jupyter Notebook for teaching. A more detailed examination
of the “Rank” column of the Table shows the greatest level of consensus with regards
to the flexibility and efficiency the Jupyter Notebooks added to their teaching experi-
ence. The statement — Jupyter notebook fostered active learning follows in ranking. The
findings were further justified using standard deviation and mean ranking. Under the
second subsection, the highest-ranking statements - I understood key concepts in eco-
nomic dispatch because of the Software & Jupyter Notebook software helped me to
communicate, discuss and share knowledge with other students, have a higher mean
than the highest recorded in the first subsection.
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Table 3. Students’ perceptions on the use Jupyter Notebook for teaching and learning

Mean | S.D | Rank
Teaching Method Using the Jupyter Notebook in a power systems course
Jupyteer notebook software made teaching sessions more flexible and efficient 3.89 1.027 1
Jupyter notebook fostered better interaction with my teacher 3.80 919 4
Using Jupyter notebook made the teaching session simulating and interesting 3.84 | 1.086 3
Jupyter notebook fostered a love for the topic of economic dispatch 3.80 | 1.036 4
Jupyter notebook fostered active learning 3.88 1.131 2
Learning Using the Jupyter Notebook in a power systems course
I comprehended better with the use of Jupyter Notebook software 3.88 .823 3
I understood key concepts in economic dispatch because of the Software 3.93 1.100 1
Jupyter Notebook software helped me to communicate, discuss and share 3.93 985 1
knowledge with other students
The software increased my interest in learning 3.74 | 1.136 5
Jupyter Notebook software provided me with learning opportunities outside the 3.79 1.081
classroom

Table 4 presents descriptive statistics of respondents’ feedback viz. mean, group
mean, mean ranking and group mean ranking. As seen in the Table, the students’ per-
ception of the reliability of the software ranked the highest, while the “Ease of use”
section ranked lowest.

These results are useful for both software developers and course facilitators. On the
part of the developer of the application in question, the responses received could inform
the necessary bug fixes or adjustments needed to be made to the software. Developers
of similar products could also be guided by the feedback from respondents, leading to
the development of highly accepted products. Course facilitators will find the feedback
helpful while selecting software tools to facilitate learning.

Some limitations of this study are as follows:

1) The respondents to our questionnaire were students of a particular university, hence,
the feedback may not be reflective of the attitude and perception of students from
other learning institutions

2) Fourth-year students, being the respondents, have probably become comfortable
with the use of ICT over the previous years, and are therefore more likely to have
positive attitudes and perception than first-year students, for instance.

3) The study was carried out on Engineering students who probably have more expo-
sure to ICT use than students in some other disciplines.
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Table 4. Students’ attitude and perceptions on the use Jupyter Notebook
for teaching and learning

Mean Mean Group | Group
Ranking Mean Mean
Rank
Ease of Use
I found Jupyter software easy to use 3.35 4 3.60 5
Jupytrer software is interactive 3.67 3
There were few learning hiccups encountered with the soft-|  3.81 1
ware
I will find it easy to becomes skilful using the Jupyter soft- 3.21 5
ware
The software has easy to understand visualisation tools 3.79 2
Usefulness of Software 3.73
The software will be useful to me beyond the classroom 3.81 1 4
The software will be useful to me in my work life 3.65 5
The software will be useful to me in conducting research 3.72 3
The software will be useful to me in industry 3.72 3
The software has enormous practical value 3.74 2
Reliability of the software 4.00 1
I found the software to be reliable with no technical bugs 3.98 3
I found login access to the software to be straightforward 4.16 1
I was impressed with the quality of the results (output) I 4.09 2
obtained using the software
I was satisfied that there were no inaccuracies when using 3.74 5
the software
The software has reliable help/troubleshooting guides 3.81 4
Ability to foster learning
The software helped clarify topics from the lecture room 3.86 2 3.81 3
The software motivated me to do further personal study and| 3.79
research
The software improved my learning experience 3.77 5
The software helped me learn a new skill outside the class- 3.95 1
room
The software encourages lifelong learning 3.79 3
Enjoyable
I found using the software to be enjoyable 3.86 2 3.82 2
I found the software to be fun with few challenges 391 1
I found the software to be intuitive in its design 3.86 2
I found the software to be flexible and interactive 3.72 5
The software has comfortable graphics 3.74 4

5 Conclusion

In this study, statistical analyses indicate a positive attitude towards the use of the
application, as well as a positive perception of its use. However, certain factors need to
be considered when making the choice of software application to be used to facilitate
students’ learning. For instance, compared to other factors, students did not consider
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the software to be highly useful in their future work life. This, and other factors need to
be taken into consideration by the course lecturer. Furthermore, software developers
can be guided by the responses when performing software upgrades. While the results
show a general acceptance of the use of the notebook, its adoption in engineering edu-
cation would depend on the nature of the task to be achieved. For instance, the notebook
is better suited for writing, editing and running of code than for hardware engineering.
Results may also suggest that learners in the engineering discipline prefer all-encom-
passing learning tools like the Jupyter Notebook where learning, practice and solution
to assignments can be achieved.
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