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Abstract
Social network analysis involves delicate and sophisticated mathematical concepts 
which are abstract and challenging to acquire by traditional methods. Many studies 
show that female students perform poorly in computer science-related courses com-
pared to male students. To address these issues, this research investigates the impact 
of employing a web-based interactive programming tool, Jupyter notebooks, on sup-
porting deeper conceptual understanding and, therefore, better attainment levels of 
the course learning outcomes in a female setting. The work also highlights the over-
all experience and enjoyment this tool brought to the classroom. Document analy-
sis and questionnaire were used as data collection methods. A mixed approach was 
applied, mid-term exam documents were investigated qualitatively, and the ques-
tionnaire was analyzed quantitatively. Our results showed that most students cor-
rectly perceived the learning outcomes and knowledge introduced within the Jupyter 
environment. Moreover, the interactive nature of Jupyter enhanced engagement and 
brought enjoyment to the learning experience.

Keywords  Qualitative research · Learning outcomes · Learning objectives · 
Interactive notebooks · Teaching strategies

1  Introduction

With the widespread of social media platforms available in the current era, the 
need to understand and analyze social networks and the underlying communica-
tion patterns has become increasingly vital. Social Network Analysis (SNA) is 
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the science that studies social networks by representing users and relationships as 
nodes and edges and employing graph theory to mine various descriptive statis-
tics and other hidden patterns of communication dynamics (Easley & Kleinberg, 
2010). SNA is rooted in graph theory, discrete math, and social studies (Easley 
& Kleinberg, 2010), a blend that requires careful planning to deliver effectively. 
Additionally, many studies (Wagner, 2016), (Crues et al., 2018) state that female 
students show a gender gap in computer science-related courses compared to 
male students.

Nowadays, much research is directed towards interactive, hands-on learning as 
it is effective for learners (Franco & DeLuca, 2019). To address the need to expand 
understanding of SNA concepts and to help enhance female students’ performance 
in such a course, this research investigates the impact of employing an interac-
tive programming tool, Jupyter notebooks (Perez & Granger, 2007), on support-
ing deeper conceptual understanding, and therefore, better attainment levels of the 
Course Learning Outcomes (CLOs).

Jupyter notebook is a web-based application for creating and sharing code. A 
notebook combines the functionality of a word processor and a "shell" or "kernel" 
to execute programming statements, where the output is generated in line with the 
code. In this course, some traditional lectures were replaced with hands-on classes 
using Jupyter notebooks. A traditional teaching method can mean theoretical lectur-
ing class using PowerPoint slides. Zhou et  al. (2020) refer to the traditional pro-
gramming teaching process as a combination of a separate theoretical class and a 
computer/lab class, usually conducted at different times and locations. Those pro-
gramming course lectures relying on either PowerPoint slides only or applying the 
basic model of theoretical class and other separate computer/lab classes cannot 
effectively convey the basic points in the course. Therefore, Jupyter is used as a tool 
to combine theoretical and practical lessons to achieve interactive teaching. A typi-
cal notebook contains a series of programming statements explaining a particular 
concept or a (CLO) followed by coding and open-ended questions to drive the stu-
dents to think, analyze and articulate their comprehension of the presented topic. A 
quality assurance practice followed in the faculty under study implies that course 
objectives should comprise objectives from the three different thinking levels, 
knowledge, skills, and values. In this work, we focus on the knowledge and skills 
learning outcomes. The complete list of CLOs is presented in Appendix A.

While many studies shed light on the gender gap, teaching strategies, and STEM 
education (Science, Technology, Engineering, and Technology), the present study 
attempts to address other various gaps, thus, makes significant contributions to exist-
ing literature. First, this research is the first to analyze the interactive notebooks not 
as a programming environment but as a tool to deepen understanding of complex 
topics. Second, this study applies a mixed methods approach and provides a compre-
hensive qualitative analysis of one of the course assessment artifacts rather than an 
experience report. Third, the study extends the limited research on female students’ 
performance in a STEM field in Saudi Arabia.

The rest of the paper is organized as follows. The next section introduces the 
research problem, question, and objectives. The authors elaborate on the background 
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and literature review in sections three and four. Section five presents the research 
setting. Section six is devoted to the methodology applied. Section seven presents 
the analysis and results, while section eight discusses the research findings. Wrap-
ping up with the conclusion and future work in section nine.

2 � Problem statement

According to the literature, educators have employed Jupyter notebooks in many CS 
courses, such as introductory level courses (Zastre, 2019), (Al-Gahmi et al., 2022), arti-
ficial intelligence (AI) (Nelson & Hoover, 2020), finance (Zhou et al., 2020), big data 
and data science (Yuen & Robbins, 2014), object-oriented programming, data struc-
tures and machine learning (Al-Gahmi et al., 2022). However, most of the work done 
emphasize the impact of Jupyter on the final course achievement (Zastre, 2019) and 
(Al-Gahmi et al., 2022) compares Jupyter to other traditional tools (Zhou et al., 2020) 
and (Al-Gahmi et al., 2022), or highlight the strengths and weaknesses of the tool for 
education (Johnson, 2020). In addition, evidence in the literature shows that female stu-
dents suffer from a performance gap in computer science-related courses compared to 
male students (Wagner, 2016) and (Crues et al., 2018). The faculty under study accepts 
female graduates from different universities with varying academic levels, curricula, 
and cultural backgrounds. Therefore, the classroom typically includes students with 
excellent, acceptable, and poor programming skills, creating inequality and question-
ing the validity of assessment criteria. This research builds upon the current work in 
the literature by equipping female students with a tool that allows better engagement 
in the course. Concisely, the notebook environment was introduced to achieve the pri-
mary skill outcome 2.5, "Construct a social network dataset from raw data, apply social 
networks analysis techniques to the dataset, and interpret and communicate findings". 
Performance is assessed by the fulfillment of the course learning outcomes. Jupyter was 
employed to help achieve other knowledge and skill learning outcomes; more on this is 
demonstrated in Sect. 7. We hypothesize that using this tool would develop students’ 
computational thinking, improve their level of comprehension, and simplify learning 
complex SNA concepts. In other words, we assume this tool would facilitate achieving 
the CLOs and enhance female students’ performance in this course. Positive findings, 
thus proving a better pedagogy, would empower female students in technology-relevant 
sciences. Formally, the research question of this study is:

Q.	 How does utilizing notebook technology in the learning environment help elevate 
the engagement, enjoyment, and attainment levels of the course learning out-
comes for female students?

Thus, the objectives of this research can be framed as follows:
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1. Evaluate the students’ attainment levels of some selected knowledge CLOs 
after using Jupyter as an educational tool, such as identifying strong and weak 
ties, homophily, link formation, and segregation models.
2. Evaluate the students’ attainment levels of some skill CLOs, such as applying 
betweenness measures and graph partitioning.
3. Evaluate the effectiveness, enjoyment, and functionality of using this tool for 
teaching and learning SNA in the classroom environment.

3 � Background

3.1 � Jupyter notebook

Jupyter is an acronym of three words, JUlia, PYthon, and R, which are multipurpose 
programming languages but are mainly used for data science and machine learning 
projects. The ancestor of Jupyter is IPython, an interactive shell for Python program-
ming language (Perez & Granger, 2007). Jupyter is open-source software with a cli-
ent–server architecture that simplifies creating a scientific research-oriented docu-
ment that contains live code, text, equations, images, and videos. Jupyter notebooks 
are widely shared among the popular code versioning control platform GitHub 
(GitHub, 2022). GitHub provides a rich source of sharable open-source software for 
programmers and the research community supporting reusability and reproducibility 
(Randles et al., 2017).

Jupyter was chosen for this course for several reasons; first: it allows integrating 
graph theory concepts with regular programming functions giving more flexibility 
in handling data and research problems, in contrast to tools such as Gephi (Bastian 
et  al., 2009) or NodeXL (Smith et  al., 2010), where no programming is involved. 
Second, Jupyter notebooks allow adding normal text and images, thus allowing stu-
dents to solve assignments, write code, and create research all in one document, a 
feature not available in other visual tools such as Gephi, or in regular programming 
development environments.

A notebook comprises three components: the main document, a human-readable 
document that includes the code, and all the other media. Second, the Jupyter note-
book application opens the notebook in the browser allowing editing the document 
and running the code. Finally, the kernel, a computational engine that executes the 
code within the main document (Hoyt & Wangia-Anderson, 2018). A sample of a 
notebook is shown in Fig. 1.

The figure shows that the notebook displays a series of code cells. The other pop-
ular cell type is the markdown cell, which enables writing regular text and integrat-
ing images, equations, and videos. With the ability to incorporate code with vari-
ous media, Jupyter has been employed in education, reproducible research (Pimentel 
et al., 2019), and industry (Johnson, 2020).

NetworkX package (Hagberg et  al., 2008) was used in this course’s tutorials, 
assignments, and final group projects. NetworkX utilizes existing Python libraries 
and allows the programmer to process networks with up to 10 million nodes and 
100 million edges (Cherian et  al., 2020). It also includes algorithms for various 
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networking tasks, such as calculating centrality measures, detecting clusters, and 
traversing graphs. NetworkX is scalable, effective, and widely accepted for social 
network analysis tasks (Cherian et al., 2020).

We hypothesize that this tool would enhance learning and thus increase attain-
ment levels of the knowledge and skill course learning outcomes. We also assume 
that the interactive, hands-on approach would increase engagement and moti-
vate critical thinking and thus achieve a more enjoyable and functional learning 
experience.

3.2 � Learning outcomes and quality assurance practices

A course learning outcome is "the results of teaching, learning, research, and other 
activities of an institution or a program." (Education and Training Evaluation Com-
mission, 2022). For quality assurance purposes, the Faculty of Computing and 
Information Technology (FCIT) at King Abdulaziz University (KAU) follows the 

Fig. 1   A Jupyter notebook document
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accreditation standards of the Saudi Education and Training Evaluation Commis-
sion (ETEC) and the National Center for Academic Accreditation and Evaluation 
(NCAAA) (Education and Training Evaluation Commission, 2022). In this regard, 
the FCIT has authored a set of Program Educational Objectives (PEOs) that com-
prise all the faculty graduate and undergraduate programs. In addition to a list of 
required Graduate Attributes (GAs) dedicated to graduate programs. A PEO is a 
"broad statement that describes what graduates are expected to attain within a few 
years of graduation." (Education and Training Evaluation Commission, 2022). GAs 
focus on development, management, communication skills, collaborative thinking, 
and professional responsibility. Each PEO and GA is further mapped with compe-
tencies or Student Outcomes (SOs). A competency is "a general statement detailing 
the desired knowledge and skills of students graduating from a course or program" 
(Gottipati & Shankararaman, 2018). The IS department has a set of six SOs; in 
each course, in the graduate or the undergraduate curriculum, two or three SOs 
should be attained by the course. Thus, a course coordinator has to author CLOs for 
the course and map them to the appropriate SOs. This mapping assures the align-
ment between the course outcomes and the general program outcomes (GAs and 
PEOs). Table  1 shows examples of an aligned set of outcomes where a CLO is 
mapped to a SO, then GA and PEO. The complete lists of PEOs, SOs, GAs, and 
CLOs, are listed in Appendix A.

The CLOs, according to NCAAA standards, fall under three types, knowl-
edge, skills, and values. These types are derived from Bloom’s taxonomy learning 
domains, where the cognitive domain includes six subdomains: knowledge, com-
prehension, application, analysis, synthesis, and evaluation (Gogus, 2012). These 
levels are ranked from low-order thinking skills, such as knowledge and com-
prehension, to high-order thinking skills, such as application, analysis, synthesis, 
and evaluation (Gogus, 2012). On the one hand, low-order thinking skills require 
recalling facts and the ability to explain some concepts, such as the knowledge 
domain. On the other hand, high-order thinking skills need the learner to solve 
problems and create solutions, which in a sense, is a step further from knowledge 
and comprehension.

In FCIT, designing a course catalogue requires the course coordinator to com-
pose CLOs from three different thinking skills, knowledge, skills, and values. As 

Table 1   An example of a CLO and the corresponding SO, GA, and PEO

Outcome Example

Course Learning Outcome 2.2 Apply betweenness measures, graph partitioning, and community 
detection algorithms to social media data

Student Outcome 2 Design, implement, and evaluate a computing-based solution to meet a 
given set of computing requirements in the context of the program’s 
discipline

Graduate Attribute 1 Development and Management Skills
Program Educational Outcome1 Work as an integral part of the information systems field, connect-

ing people with information by developing and managing suitable 
information systems for business and research
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such, the course contains a mix of high and low-order thinking skills and, thus, 
requires a careful alignment between each CLO and a suitable teaching strategy. 
In this work, we focus on the knowledge and skills learning outcomes.

3.3 � Teaching strategies

While lecturing is among the most adopted teaching strategies in universities 
worldwide, they are not the optimal route for reaching high-order thinking skills 
objectives (Cashin, 2010). An outcome-oriented approach is recommended for 
selecting the best teaching and learning strategy. In other words, teaching strate-
gies should be aligned with the CLOs to maximize student attainment levels (Out-
come-Based Education, 2022). Several teaching methods are suitable for higher 
education, such as interactive lectures, flipped classrooms, problem-based, and 
experiential learning. Some methods are ideal for knowledge-oriented objectives, 
while others are more suitable for building skill-oriented objectives (Outcome-
Based Education, 2022). Moreover, the adopted teaching method should aim to 
develop skills for solving real-life problems, thus, achieving the SOs and PEOs.

Research shows that integrating technology within the intended teaching strat-
egies enhances the learning process and supports attaining higher-order thinking 
skills. Four aspects of learning must be considered when integrating technology: 
active engagement, participation in groups, frequent interaction, feedback, and 
connection to real-world experts (Teaching and Learning Handbook for Faculty 
at Vancouver Island University, 2017). Active engagement involves four funda-
mental features, thinking, task-focused, teamwork, and transcendence (Outcome-
Based Education, 2022). The thinking feature implies that the teaching method 
should motivate the students to focus and dig deeper into the problem at hand to 
connect theories with practices and how these practices relate to real-life situ-
ations. Task-focused denotes that the teaching method allows the students to 
engage in a specific task, motivating thinking, discussing, and evaluating the 
learned skills. Teamwork states that the technique allows the students to work in 
groups with their classmates and within the larger community outside the class-
room. Finally, transcendence involves transferring knowledge and skills learned 
beyond the classroom through discussion forums, conferences, and workplaces 
(Outcome-Based Education, 2022).

The Jupyter notebook environment adequately targets the four aspects of tech-
nology-enhanced learning illustrated above. A Jupyter notebook is lightweight and 
can be shared via email, Blackboard, or online via a cloud-based storage drive. Con-
veniently, a common practice among programmers nowadays is to share code via 
GitHub, a well-known code-sharing and versioning control open-source platform 
(GitHub, 2022). GitHub offers a significant number of free codes for the program-
ming community, where programs can be downloaded and altered; additionally, 
participants can engage in discussion forums to solve technical problems and share 
knowledge. Thus, Jupyter notebooks lend themselves to group work and connec-
tion to real-world experts. Among the essential features of the notebook environ-
ment is the ability to run the code and observe the output; furthermore, the code 
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can be altered and rerun as many times as needed so that the learner can deepen 
the comprehension of a specific concept. Thus, supporting frequent interaction and 
feedback. Finally, the environment effectively reinforces active engagement, facili-
tating focusing and motivating deep thinking. Teamwork and transcendence are also 
achieved, as discussed above.

To help students achieve high-order thinking skills, one must adopt a creative and 
more engaging teaching strategy. Studies conducted in the educational arena proved 
that students gain better learning experiences when they are more involved than lis-
tening passively to lectures (Kissel & Stuetzle, 2020). Experiential learning (EL) is 
among the methods widely adopted in STEM education (Kissel & Stuetzle, 2020; 
Lehane, 2020; Shemroske & Pourang, 2021). A long line of research involving EL 
was conducted in the twentieth century, starting with the work of Dewey (1938) and 
Kolb (1984) (Lehane, 2020). Dewey described EL as the learning process of engag-
ing in work practice and non-formal educational activities (Burnard, 1989). Kolb 
defined EL as learning through experience (Shemroske & Pourang, 2021). Dewey’s 
model of EL involves four stages, concrete experience, reflection, abstract concep-
tualization, and application. The concrete experience consists of the interaction 
between the student and the learning tool. Reflection is the behaviours carried out 
by the student to solve a problem in a practical session. Abstract conceptualization 
involves relating old knowledge with newly learned material. Finally, the application 
involves applying the learned knowledge to new use cases or scenarios (Shemroske 
& Pourang, 2021). Kolb’s model stresses that the learning cycle must start with con-
crete experience (Burnard, 1989). However, Kolb’s model shares similar stages with 
Dewey’s model, as illustrated in Fig. 2.

Although computer science curriculums, by default, applies EL due to the nature 
of the discipline, such as including laboratory sessions, programming projects, co-op 

Fig. 2   Kolb’s EL learning cycle 
(Burnard, 1989)
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training for credit, and practical test, Kissel and Stuetzle (2020) argue that these 
activities are not enough to acquire soft skills entailed for a computer science gradu-
ate. Kissel and Stuetzle (2020) applied EL in small-size computer science depart-
ment by following a concrete five-pillar approach: soft skills, real-world focus, group 
work, student empowerment, and dissemination of student work. Kissel and Stuetzle 
(2020) intended to apply the EL to the whole computer science undergraduate cur-
riculum and to follow up with alumni and their employers to adjust and improve. 
Nevertheless, the surveys conducted to collect students’ opinions and measure their 
satisfaction showed positive feedback, especially in soft skills-oriented aspects, such 
as in-class discussions and presentations. Shemroske and Pourang (2021) followed a 
similar EL approach in cybersecurity program to upgrade graduates’ levels to match 
the demanding workforce requirements. They argued that EL focuses on the process 
rather than the outcome and described six essential pillars of EL; these are:

1.	 Decision-making, responsibility, and feedback from the educator.
2.	 Dynamicity of the learning environment that promotes creativity, critical thinking, 

and novelty.
3.	 Group work and cooperation.
4.	 Adjustment to different situations, where the students engage emotionally, intel-

lectually, and socially.
5.	 Handling different results, allowing success, failure, or uncertainty.
6.	 Developing personal knowledge, the dynamic nature of the learning process ena-

bles a customizable learning experience.

Shemroske and Pourang (2021) focused on aligning theoretical educational 
approaches and workforce requirements. Their findings guide programs that need to 
enhance their curriculum and improve student outcomes. Nelson and Hoover (2020) 
stated: "A hands-on approach is at the core of experiential learning." Thus, an EL 
approach was followed in the SNA course presented in this work, as explained in a 
subsequent section below.

4 � Literature review

Incorporating technology into education has been gaining much attention lately. 
Ilomäki and Lakkala (2018) investigated the practices at three schools based on 
six elements; in which one of those elements was pedagogical practices with digi-
tal technology. Nowadays much research is directed towards interactive, hands-on 
learning as it is effective for learners (Franco & DeLuca, 2019). For example, Chan 
and Reynolds (2022) investigated students’ engagement in dynamic mathematics 
lessons through the contemporary metaphor theory.

Different technology (such as gamification) can also impact students’ motivation 
to learn, especially when their interest is shallow. Jiménez et al. (2020) investigated 
using a digital escape room, Genial.ly, and a breakout, for learning algebra. They 
achieved positive student responses and improvement in knowledge and motivation. 
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Chen and Hsu (2020) found that commercial off-the-shelf games positively affect 
aspects of language learning. Saving Lives serious game was used to teach Iranian 
nursing students healthcare knowledge and English vocabulary (Soyoof et al., 2022).

Grover et  al. (2019) state that learners struggle with conceptualizing introduc-
tory programming concepts such as variables, expressions, and loops and develop 
a suite of non-programming digital and unplugged activities within the curricu-
lum before students start programming. The results showed that students attained 
greater use of critical concepts. As for the usage of Jupyter notebooks, educators 
have employed Jupyter notebooks in many CS courses, such as introductory level 
courses (Al-Gahmi et  al., 2022; Zastre, 2019), artificial intelligence (AI) (Nelson 
& Hoover, 2020), finance (Zhou et  al., 2020), big data and data science (Yuen & 
Robbins, 2014), object-oriented programming, data structures and machine learning 
(Al-Gahmi et  al., 2022). Nelson and Hoover (2020) employed Google Collabora-
tory (Colab), a cloud-based version of Jupyter, in two AI courses, focusing on deep 
learning and reinforcement learning. The study stated that the reason for choosing 
Colab is twofold; first, it is well suited for experiential learning, and second, it con-
tains all the needed packages for the required tasks, so the students don’t need to 
worry about dependency problems when installing libraries. Many studies reported 
using Jupyter notebooks in CS introductory level courses, such as in (Zastre, 2019); 
the course was offered to all first-year students in the foundation year. The author 
expressed enjoyment in teaching with Jupyter notebooks. He highlighted the tool’s 
features and limitations and recommended solutions to mitigate them.

Several studies compared the impact of Jupyter and other traditional settings on 
the final course achievement. A study compared Jupyter notebooks and a traditional 
Python environment in two finance courses (Zhou et  al., 2020). The study found 
that the results of the students who used Jupyter were generally higher than those 
who used the traditional environment. Also, the study confirmed that using Jupyter 
created an interactive teaching atmosphere, which motivates students’ critical think-
ing, and logical reasoning and resulted in a richer teaching experience. Al-Gahmi 
et al. (2022) also compared cohorts of students who used the tool with students who 
didn’t. This experiment incorporated the Jupyter notebook with five CS curricula to 
improve student engagement and fulfill the required course competencies. The result 
showed that using Jupyter, students scored better on assignments and projects than 
the control group. Yet, tests did not exhibit a significant improvement between the 
two groups.

Regarding enjoyment and engagement in learning, Lee et al. (2022) investigated 
the problem of students’ willingness to communicate in a second language. The 
study analyzed how foreign language enjoyment mediates the relationship between 
informal digital learning of English and students’ desire to communicate in a second 
language in class and at other social events. Foreign language enjoyment encom-
passes teacher appreciation, personal enjoyment, and social enjoyment. The study 
found that personal enjoyment is the most significant element in mediating the rela-
tionship. This result emphasized the importance of increasing enjoyment to increase 
students’ willingness to communicate in a second language. At the same time, Soy-
oof (2022) studied Iranian students’ willingness to communicate in an extramural 
digital context in an English as a second language course. The study interviewed 
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50 students and applied thematic analysis. Results found four sources influencing 
learners’ willingness to communicate: educational practices, interpersonal variables, 
affective variables (confidence), and social variables. Student engagement was also 
explored during the COVID-19 online environment (Chiu, 2022). The study applied 
Self-Determination Theory (SDT) to explain engagement in such an environment. 
SDT states that humans have three universal psychological needs: autonomy, com-
petence, and relatedness. The research assessed whether the digital environment and 
tools influenced autonomy, competence, and relatedness and how these three needs 
relate to student engagement. The study found that the digital environment better 
satisfied students’ needs, and all the needs contributed to the level of engagement. 
The study also showed that relatedness (feeling connected, loved, and interacted) 
was vital in enhancing engagement.

Many studies in the USA and western countries reported that women are under-
represented in various computer science subjects (Crues et al., 2018; Kemp et al., 
2020; Wagner, 2016). This gender gap is especially apparent in computer science 
(CS) majors. In the UK, for instance, women represented only 16% of graduates of 
CS major in 2013 (Wagner, 2016), while in the USA, the percentage was not much 
higher, between 18 and 19% (Crues et al., 2018). In addition to the gender gap, stud-
ies stated that the performance gap might be the reason for the low enrolment per-
centage. Wagner (2016) found that female students were awarded significantly fewer 
high degrees than males in CS majors; as she explained: while female students suf-
fer from a performance gap in CS majors, they show better performance in other 
subjects relevant to medicine, business, and administrative studies, mathematics, 
engineering, and technology. This agrees with Kemp et al. (2020), who argued that 
males perform better in STEM subjects while females are typically better than males 
in many other subjects.

Moreover, in programming, studies found that females can suffer from frustra-
tion, inadequacy, and a lower self-awareness level than males when working on a 
similar coding project (Kemp et al., 2020), a finding that would explain the gender 
and performance gaps. Other studies reported that programming careers are more 
dominant by men, and women do not excel in programming or show an interest in 
learning to program (Contreras-Ortiz et al., 2021; Edmondson, 2008). Recommen-
dations to improve the performance gap include upgrading course design and focus-
ing on pedagogy, as studies showed that females favour problem-based learning, in-
class discussions, and group work (Wagner, 2016).

Saudi Arabia, in contrast, has a high female enrollment rate of 45.8% (Alghamdi, 
2017). Alghamdi (2017) investigated the reasons for this high rate and found that 
different cultural backgrounds may have contributed to this rate. Female participants 
said they expect more flexible career opportunities with a CS major than in other 
disciplines. Although the study provides valuable figures, to the best of our knowl-
edge, no study has investigated the female performance gap in Saudi Arabia. How-
ever, female students show a programming performance gap (Contreras-Ortiz et al., 
2021; Kemp et al., 2020), which agrees with our observation as computer science 
faculty teaching female students for more than ten years. Integrating this easy-to-use 
and friendly application stems from this difficulty we face routinely. Although using 
Jupyter in this course is not targeted to compare the performance or other aspects 
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between male and female students, however, it is expected that the features of this 
tool would contribute to enhancing female students’ performance in this course 
and CLOs attainment levels were used as a measure of performance. Additionally, 
we were motivated to adequately equip female graduate students with a powerful 
tool that allows better engagement with the research community, as Python and 
notebooks are commonplace for sharing research code. According to the literature 
above, since female students generally perform poorly in computer science courses 
compared to male students, this study enhances the female students’ performance 
in such classes. It, therefore, opens doors for further research about addressing the 
gender gap.

5 � The research setting

The study presented in this article was carried out during the academic year 
2021–2022 in the context of the first semester. SNA elective course was offered at 
the FCIT for female graduate students from different backgrounds hence, various 
programming levels. The course delivery was mainly face-to-face and web-facili-
tated, using Blackboard to post the activities’ notebooks. However, due to COVID-
19, blended learning was applied as some lectures were delivered online through the 
Blackboard Collaborate system.

The course involves some delicate and sophisticated theories and requires ade-
quate knowledge of discrete mathematics, such as graph and game theory. The first 
few lessons introduce basic definitions and motivation behind the course, which 
were mapped to knowledge CLOs. As the course advances, the topics demand 
higher-order thinking levels, for example, applying the graph theory concepts within 
the graph partitioning and community detection algorithms. Although the textbook 
chapter explains the subject quite well, we anticipate incorporating a hands-on tool 
would enhance comprehension and increase the CLOs attainment levels. Therefore, 
some of the traditional lectures were replaced with practical tutorial lectures.

The instructor prepared a notebook for each class and uploaded it on the Black-
board with the course learning material. A notebook contains a series of program-
ming statements explaining a particular concept or a CLO, followed by coding and 
open-ended questions to reinforce students’ comprehension of the presented topic. 
In the class, the students download the notebook on their laptops to run the cod-
ing statements and observe the output. After completing the activity, the students 
uploaded the notebook through the LMS (Blackboard). The instructor graded the 
activities and provided detailed feedback for each student. A total of four practical 
sessions took place over the term of one month.

As mentioned in Sect.  3.4, an experiential learning approach was followed when 
designing the tutorials used for the practical sessions. Each session starts with a short 
lecture, 15–20  min, followed by experimenting with code in the notebook. A typical 
tutorial includes three main components. The first component is a presentation-style 
introduction to the lesson; during this part, the instructor introduces the topic, a demon-
stration is shown in Fig. 3. The second component contains coding cells illustrating the 
concepts explained at the beginning of the lecture; an example is presented in Fig. 4. The 
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students also have the chance to run or change the code and examine the output; this step 
represents the concrete experiment part of Kolb’s model.

The third component includes three types of questions: reflection-style, coding, 
and critical thinking questions. The students were asked to complete this part of the 
notebook and submit their work via Blackboard. An example of a reflection-style 
question is "explain in your own words what did the code in the previous example 
achieve?". This type of question targets the reflection phase of Kolb’s model. The 

Fig. 3   An example of the lesson part of the notebook

Fig. 4   An example of coding cells
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coding questions challenge the students to apply the learned concepts in a new sce-
nario; an example is shown in Fig. 5. This part of the notebook reinforces Kolb’s 
model step: "applying concepts in a new situation." The critical thinking questions 
motivate deeper thinking and therefore, knowledge formation, some examples are 
presented in Fig. 6. During this problem-solving process, the student may scroll the 
notebook back and forth, observing the examples shown earlier by the instructor to 

Fig. 5   Coding questions examples

Fig. 6   Critical thinking questions examples
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aid her in answering the questions—this iterative process helps build abstract con-
cepts and reach generalization.

The activities covered a broad spectrum of the CLOs, including the knowledge 
CLOs 1.1, 1.2, 1.3, and skills CLOs 2.1, 2.2, 2.3, and 2.5. We focused on these 
CLOs as they represent the foundational backbone of the course. Data for the quali-
tative analysis was collected from all students registered in the class (n = 11) through 
the middle-term exam. Students had to write down their conceptions without guid-
ance or any other intervention.

6 � Methodology

The qualitative research method was applied, as the research is based on a holis-
tic case study design. Case studies are preferred in examining contemporary events 
when the relevant behaviour cannot be manipulated, unlike experiments, where the 
researcher can control behaviour directly, precisely, and systematically (Yin, 2003). 
The case study selected is King Abdulaziz University (KAU). The first author’s 
involvement in this department as an instructor justifies the selection. Many sources 
are available to collect the evidence for the case study, as suggested by Yin (2003); 
one is document analysis. To achieve objectives one and two, evaluate the students’ 
attainment levels of knowledge-related and skill-related CLOs using Jupyter; the 
research problem in this paper was approached using document analysis – a quali-
tative research method in which the researcher interprets documents to give voice 
and meaning to an assessment topic (Bowen, 2009). According to O’Leary (2014), 
there are three primary types of documents; public records, personal documents, and 
physical evidence. Students’ transcripts and handouts fall under the first category. 
Exploring and analyzing the actual content of the documents involves content analy-
sis, in which the researcher incorporates coding content into themes similar to how 
focus groups or interview transcripts are analyzed (Bowen, 2009), quantifying the 
use of particular words, phrases, and concepts (O’Leary, 2014). After determining 
what is being searched for, the document’s frequency and number of occurrences are 
recorded and organized, leading to identifying meaningful and relevant passages. In 
addition to content analysis, thematic analysis can be considered a form of pattern 
recognition with the document’s data. Data is read carefully, followed by coding and 
category construction (Bowen, 2009). In this study, the documents analyzed were 
the mid-term exam.

A quantitative research method was also used through a questionnaire. Since 
document analysis is often used in combination with other research methods as a 
method of triangulation (Bowen, 2009), a questionnaire was used as a quantitative 
data collection method to achieve objective 3, assessing the effectiveness of the tool 
from students’ perspectives. A questionnaire (n = 11) was disseminated to learn how 
effective the Jupyter tool is and to evaluate its impact on learning. This study was 
designed as an exploratory case study. Participants include all postgraduate students 
(11 female students) registered in the social networks analysis course in the aca-
demic year 2021–2022. Ten students responded (response rate = 90.9%). The ques-
tionnaire comprises 15 questions plus space for comments, as illustrated in Sect. 6. 
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Likert scale was used to weigh the degree of agreement with the questionnaire items, 
where one means strongly disagree, and five means strongly agree. The Likert scale 
measures people’s attitudes, behaviours and opinions towards specific issues such 
as products, services, businesses, etc. It is most frequently used to measure psycho-
logical constructs and people’s cognition that can be measured (Nemoto & Beglar, 
2014). Some of the Likert Scale advantages provided by the authors include gather-
ing data quickly and supplying highly reliable personal ability estimates. Therefore, 
the Likert scale was used in this questionnaire to measure students’ assessment of 
the tool using a scale extending from one extreme to another.

Nemoto and Beglar (2014) state that understanding the construct is the start-
ing point for questionnaire development. This can be achieved by reading related 
academic literature and analyzing items from previous questionnaires designed to 
measure that construct. Therefore, to develop the questionnaire, we considered the 
criteria suggested for evaluating e-learning tools in higher education (Anstey & 
Watson, 2018). The areas of our interest include functionality, accessibility, integra-
tion, collaboration, cognitive skills, enjoyment, social presence, and effective learn-
ing. The questions listed in the questionnaire adhere to the above areas and reflect 
on the research question to answer the “engagement and enjoyment” part. More spe-
cifically, they reflect on the third objective of this study, “Evaluate the effectiveness, 
enjoyment, and functionality of using this tool for teaching and learning SNA in the 
classroom environment”, and therefore, questions 1, 2, 3 and 6 reflect ease of use, 
ease of learning, and troubleshooting, questions 4, 7, 8 and 12 reflect on collabora-
tion, sharing and interactivity, question 5 highlights the diversity of students, ques-
tions 9 and 10 assess the engagement of students, question 11 refers to the level of 
enjoyment when using the tool, question 13 looks at the popularity of the instrument 
while questions 14 and 15 assess many aspects of effectiveness. The questions do 
not include any leading questions or assumptions, and they are not biased toward 
any specific group of participants; participants are anonymous, and confidentiality 
is assured.

7 � Analysis and results

7.1 � Mid‑term exam qualitative analysis

For the Mid-term Exam – The total number of questions in the mid-term exam was 
17. Refer to Appendix B for the midterm exam questions. The mid-term exam ques-
tions were tied to knowledge CLOs 1.1, 1.2, and 1.3 and skill CLOs 2.1 and 2.2. For 
the multiple-choice questions, categories of students’ conceptions had already been 
set using the different choices, but the frequency of each perception was recorded; 
the complete analysis is presented in Table 2. As for the essay questions, students’ 
replies were analyzed by hand with a content analysis procedure in an iterative and 
comparative process. First, particular words and phrases were highlighted using col-
our in the text and compared with each other (in each iteration) to create categories 
of conceptions (codes). Students’ conceptions recorded under each category are, in 
fact – mostly – quotations from students’ answers, as illustrated in Table 3. When 
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a set of codes emerged, students’ responses were revisited to be aligned to the cor-
rect category. This coding process organized the data; for example, in one of the 
mid-term essay questions, all students’ answers were carefully scanned. Four themes 
were found: "social influence and similar interests," which is the correct full percep-
tion of the concepts, "similar interests", "meet new people", and "flipped answers". 
Themes are used by Braun and Clarke (2006) to capture a common, recurring pat-
tern across a dataset, clustered around a central organizing concept" (O’Dowd, 
2021). The frequency of occurrence was then recorded, which is considered a stand-
ard tool in qualitative content analysis. Weber (1990) argues that high-quality con-
tent analysis uses both quantitative and qualitative analysis of texts. Namey et  al. 
(2008) recommend recording the number of participants who mentioned a theme/ 
code rather than counting how many times the theme was mentioned. For a rigorous 
analysis, the researchers followed Saldaña’s (2013) approach, where extracts of one 
researcher’s coding were shown to the other, who acted as an examiner and auditor, 
providing feedback on the coding.

A summary of the attainment percentage for each CLO is presented in Table 4. 
As seen from the table, regarding knowledge CLOs, which satisfy the first research 
objective, more than half of the students (54.5% or more) achieved the CLOs asso-
ciated with seven out of ten questions, while at least 45% of the students attained 
the CLOs related to the other three questions. Regarding the second research objec-
tive, which targets the skill CLOs, more than half of the students (54.5% or more) 
achieved the CLOs associated with six out of seven questions. One question associ-
ated with CLO 2.1 had a low attainment percentage (36%).

7.2 � Questionnaire results

To achieve research objective three, “Evaluate the effectiveness, enjoyment, and 
functionality of using this tool for teaching and learning SNA in the classroom envi-
ronment.” a short survey was sent to all the 11 students who took the course this 
same semester. Effectiveness, enjoyment, and functionality are the focus of the ques-
tionnaire. However, we elaborated on effectiveness to include the criteria suggested 
by (Anstey & Watson, 2018). These are accessibility, technical, collaboration, 

Table 4   Summary of the 
attainment percentage for each 
CLO

CLO Type CLO Percentage of Students who Achieved the CLO

Knowledge 1.1 • 100%
1.2 • 72% or more in two out of four questions

• 45% or more in the other two questions
1.3 • 72% or more in four out of five questions

• 54.5% or more in the other two questions
Skill 2.1 • 90% in one out of four questions

• 54.5% in two out of four questions
• 36% in one question

2.2 • 72% or more in two questions
2.3 • 81.8%
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cognitive skills, and social presence. Functionality includes friendliness, ease of 
use, help availability, and scale (Anstey & Watson, 2018). Ten out of 11 students 
replied. The responses to the first seven categories are summarized in Table 5 and 
Fig. 7 below. The Likert scale included five categories ranging from strongly agree 
to strongly disagree. For simplicity, the two positive categories are regarded as posi-
tive, the two negative categories are considered negative, and the middle category is 
neutral. The complete survey questions and results can be found in Appendix C.

Table 5   Summary of questionnaire results

Category Criteria Positive Neutral Negative

Functionality Friendliness 80% 20% 0
Ease-of-use 90% 0 10%
Help availability 50% 30% 20%
Scale 80% 20% 0

Accessibility User-focused participation 60% 40% 0
Technical Compatibility and ease of installation 100% 0 0

Sharing via multiple methods 80% 10% 10%
Collaboration Group work 90% 10% 0
Cognitive skills Engagement 90% 10% 0

Higher order thinking 100% 0 0
Enjoyment Enjoyment 90% 0 10%
Social presence Collaboration 80% 20% 0

Diffusion 50% 30% 20%

Fig. 7   Questionnaire results
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Ease of installation received a 100% positive response. Friendliness was appreci-
ated by 50% of the students as they chose "strongly agree," more than 30% chose 
"agree," the rest were not sure, and one student found the tool difficult to use. For 
the group work and sharing category, 80% of the replies were positive, the rest 
were neutral, and one student responded negatively. 90% of students expressed that 
using Jupyter in the classroom was more enjoyable than traditional teaching meth-
ods such as lecturing.

Regarding the contribution of Jupyter notebooks to effective learning, we asked 
the students to select the areas from a list of topics from the syllabus that Jupyter aid 
in deepening comprehension in these areas, the results of these question are shown 
in Figs.  7,  8, and 9. Most of the students confirmed that the tool helped them in 
learning the main topics of the course (CLOs). Also, 90% of the students expressed 
that the tool helped them understand the basics of Python despite not being the 
course’s focus. Two students commented positively, "Highly recommend the teach-
ing method" and "It was great using Jupyter Notebook and created a deep under-
standing of most of the concepts."

8 � Discussion

This study aims to answer the question: “how does utilizing notebook technology 
in the learning environment help elevate the engagement, enjoyment, and attain-
ment levels of the course learning outcomes?”. Accordingly, an investigation was 
conducted on the effectiveness of the interactive programming tool (Jupyter) on the 
attainment levels of knowledge and skills CLOs of a social networks analysis mas-
ters course offered at a faculty of computing in the fall of 2021. The following argu-
ment provides a detailed answer to the research question.

Fig. 8   Students’ replies to how the tool help in deepening comprehension
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A qualitative content analysis of the dataset identified several key themes, pro-
viding a more nuanced understanding of student perception of concepts. Similar to 
O’Dowd’s (2021) study, this form of qualitative analysis enabled identifying what 
students felt they had learned from the experience through identifying learning 
outcomes. As Xinogalos’s (2015) work suggests, "most studies focus on the meth-
odology and recorded results. Little or no reference is made to the programming 
environments/tools and teaching approach. This fact limits the possibility of taking 
full advantage of the results for (re)designing more effective courses and repeating 
experiments to validate their results."

Looking at the codes for the mid-term exam, as presented in Tables 2 and 3, over-
all, the results provide evidence that most students (more than 50%) perceive the 
concepts correctly and, therefore, achieve the matching CLO. In fact, in four out 
of ten short answer questions, all students answered correctly, while in another two 
short answer questions, ten students (90%) answered correctly. This indicates that 
many students comprehend graph connectedness, triadic closure, bipartite graph, 
edge betweenness, and mutable and immutable characteristics. The mastered con-
cepts are relevant to CLOs. As for the essay questions, the correct theme (answer) 
frequency is higher than 50% in all seven questions.

Thus, the first objective, which targets knowledge CLOs, was achieved as 54.5% 
or more attained the CLOs associated with seven out of ten questions. At least 45% 
of the students fulfilled the CLOs related to the other three questions. Regarding the 
second research objective, which targets the skill CLOs, more than half of the stu-
dents achieved the CLOs associated with six out of seven questions.

However, some results within the multiple-choice questions raised flags indicating a 
misconception; students do not perceive the type of centrality measurement correctly, 
as seven out of 11 answered "diameter" while the correct answer (entered by four stu-
dents) is eccentricity. This feeds into learning outcome 2: "Recognize the basic concepts 

Fig. 9   Students’ replies on how the tool help in learning practical skills
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of graph theory, networks descriptive statistics, and centrality measures." Eccentricity 
is the largest distance a node has in a network, while the diameter is the largest eccen-
tricity in the whole network. The misconception may be due to the similarity between 
the two definitions or the question’s wording. Although the student confused two defini-
tions, eccentricity and diameter, no student picked the other incorrect options: periph-
ery and center. Five out of 11 successfully recognized the gatekeeper concept in another 
question, but the other six could not. This is related to learning outcome three: "Explain 
the idea of the strength of weak ties, tie strength in social media, passive engagement, 
social capital, and betweenness measures". The term gatekeeper was mentioned in a 
lecture once or twice, which may be why most students did not recognize it.

Various conclusions can be drawn from analyzing the questionnaire disseminated 
to students. It is essential to highlight that all students believe the activities done 
in class using the tool support high-order learning tasks such as critical thinking, 
problem-solving, and reasoning. This is not surprising as research in the literature 
presented results supporting better final course achievement (Zhou et  al. (2020) 
and Al-Gahmi et al. (2022)). In addition, nine students out of ten agree that using 
this tool in the classroom is more enjoyable than traditional learning approaches, 
asserting results by (Lee et  al. (2022), Jiménez et  al. (2020), and Soyoof (2022). 
Regarding the “Cognitive skills” part, all students (100%) agreed that Jupyter sup-
ports higher-order learning tasks such as critical thinking, problem-solving, and rea-
soning. At the same time, nine out of ten respondents declared that the notebook 
approach redefined engagement and provided new strategies previously unachiev-
able through traditional lectures. These findings agree with (Chiu, 2022), who stated 
that the digital environment better satisfied students’ needs, autonomy, competence, 
and relatedness, as outlined by SDT, and engagement is elevated by satisfying all 
these needs. Thus, the results of this study can be generalized to similar populations 
and other computer science courses that can benefit from the Jupyter environment, 
such as machine learning, data science and big data.

The questionnaire targeted the third research objective. Most answers were posi-
tive, confirming that the learning environment was functional, enjoyable, and effec-
tive. Item 14 in the questionnaire allowed students to identify the concepts in which 
better understanding was attained using the tool. All concepts scored more than 
50%, with "centrality measures" at the top of the list, followed by "power-law dis-
tribution." This, however, contradicts the result of the centrality measure question in 
the mid-term exam. The reason for this might be the timing of the survey, as the sur-
vey was distributed at the end of the term after the students consolidated the course 
concepts by working on assignments and projects and studying for the final exam. 
Item eight in the questionnaire gave insight into how effective the tool is for collabo-
ration amongst students, as 90% of students agree. This tool offers many opportuni-
ties for students to develop high-order thinking skills, apply and exercise coding, 
and create research projects in a reproducible form.

The pedagogical implications of this study provide significant insight to educators, 
students, teacher training bodies, faculty leaders, and researchers. Implications for edu-
cators and leaders include: (1) educators should steer clear from lecturing and adopt 
more modern pedagogies, such as the experiential learning approach presented in this 
work. (2) Adopted pedagogy should be aligned with the learning domain and the topic 



16692	 Education and Information Technologies (2023) 28:16669–16704

1 3

at hand; it should also motivate critical thinking and increase engagement. (3) Special 
attention should be paid to female students when teaching computing-related courses. 
We believe that a hands-on experiential approach is beneficial not only to learning 
programming but also to enhancing comprehension of complex topics. Implications 
for students include: (1) female graduate students should surpass the technology bar-
rier and embrace hands-on activities even if not asked by the instructor (2) Graduate 
students should adopt a technical tool for any course at the beginning of the term to 
allow connecting theory with practice and enhance understanding of the course mate-
rial. In general, in computing education, a technical tool is a must; it is needed to apply 
learned concepts and to increase the attainment of learning outcomes.

Some of the hindering aspects of using this method are the amount of time and 
effort the instructor needs to prepare the activities. Nonetheless, the promising results 
and positive student feedback encourage implementing this strategy with possible 
adjustments. Furthermore, the sample size posed another limitation. The number of 
enrolled students in elective graduate courses usually is low. However, using the qual-
itative analysis approaches complements this limitation, as qualitative analysis can be 
conducted for smaller sample sizes. Regarding the quantitative part, all the students 
enrolled in the class were invited to take the questionnaire, and ten out of 11 replied.

9 � Conclusion and future work

This work investigated the effectiveness of the interactive programming tool (Jupyter) 
on the attainment levels of knowledge and skills CLOs in delivering a postgraduate 
course. The motivation behind this work stems from the desire to elevate the attain-
ment levels of CLOs and equip graduates with a powerful tool suitable for reproduc-
ible research and empowering female students to better engage in such a CS course. 
Jupyter notebooks have been recently incorporated into many CS curricula world-
wide. In this study, some traditional lectures were replaced with interactive notebook 
sessions following Kolb’s experiential learning method. Our results show that the stu-
dents benefitted from the tools and were able to reach high-order learning objectives. 
Moreover, most students find this teaching method engaging and more enjoyable.

Future research directions include investigating Jupyter with other teaching meth-
ods, such as flipped classroom or problem-based learning, and possibly with other 
courses. A scarcity of studies exists concerning the gender and performance gaps 
in Saudi Arabia, which opens doors for significant contributions in this area. The 
experience of teaching the SNA course using this teaching method was a rewarding 
experience for both the students and the instructor. We hope that the results of this 
work encourage educators and students to adopt hands-on approaches to optimize 
learning outcomes whenever possible.

10 � Competing interests

The authors declare no conflicts of interest.
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Appendix A

Graduate Attributes.

1.	 Development and Management Skills
2.	 Collaborative Thinking
3.	 Professional Responsibility
4.	 Communication Skills
5.	 Business Problem Solver

Program Educational Objectives.

1.	 PEO1: Work as an integral part of the information systems field, connecting peo-
ple with information by developing and managing suitable information systems 
for business and research.

2.	 PEO2: Advance in their careers through knowledge of computer information 
systems, communication skills, and understanding of business and contemporary 
technological issues.

3.	 PEO3: Actively contribute toward the economic growth and the welfare of Saudi 
society through the development and management of information systems for 
business and research.

Student Outcomes:

1. Analyze a complex computing problem and to apply principles of comput-
ing and other relevant disciplines to identify solutions.
2. Design, implement, and evaluate a computing-based solution to meet a 
given set of computing requirements in the context of the program’s discipline.
3. Communicate effectively in a variety of professional contexts.
4. Recognize professional responsibilities and make informed judgments in 
computing practice based on legal and ethical principles.
5. Function effectively as a member or leader of a team engaged in activities 
appropriate to the program’s discipline.
6. Support the delivery, use, and management of information systems within 
an information systems environment.
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Table 6   Graduate attributes

Graduate Attribute PEOs SOs

Development and Management 
Skills

1, 2, 3 1, 2

Collaborative Thinking 2, 3 5
Professional Responsibility 1, 3 4
Communication Skills 1, 2 3
Business Problem Solver 1, 2, 3 4, 5, 6

Table 7   Course Learning Outcomes (CLOs) with SO mapping

Course Learning Outcomes (CLOs) SOs

1 Knowledge
  1.1 Identify the different types of networks, the importance of social network analysis, and their 

role in solving everyday problems
1

  1.2 Explain the idea of the strength of weak ties, tie strength in social media, passive engage-
ment, and social capital

1

  1.3 Explain homophily, its mechanisms, link formation, and segregation models 1
  1.4 Describe negative and positive social relations, the concept of structural balance, and its 

applications
1

  1.5 Model diffusion and cascading behaviour in social networks 1
2 Skills
  2.1 Recognize the basic concepts of graph theory, network descriptive statistics, and centrality 

measures
2

  2.2 Apply betweenness measures, graph partitioning, and community detection algorithms to 
social media data

2

  2.3 Model the small-world phenomenon using the Watts-Strogatz model 2
  2.4 Illustrate the power law distribution phenomenon and check whether real-world social media 

data satisfy this phenomenon
2

  2.5 Construct a social network dataset from raw data, apply social networks analysis techniques 
to the dataset, and interpret and communicate findings

2

3 Values
  3.1 Describe the concept of social networks and their impact on society 1
  3.2 Understand the importance of analyzing social networks for business organizations 6
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