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Abstract: Student engagement in the learning process is the key to successful delivery of teaching
and learning. Teachers face several challenges to engage learners in different disciplines, including
computer science. This research conducts a review of BSc (Computer Science) programmes and
introduces interactive activities to enhance learner engagement. The study was conducted using a
repeated measure design involving 24 participants. The findings revealed that the use of technology,
and collaborative and interactive activities in groups may positively influence learner engagement.
The participants’ feedback before and after introduction of group tasks and interactive activities
showed a significant (p < 0.001) and increasing trend in response to questions-related learner
engagement. The participants agreed that their learning experience and engagement enhanced with
the use of technology and interactive and collaborative activities.
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1. Introduction

Student engagement has been an ongoing issue in higher education in various contexts including
face-to-face, online, and blended learning [1,2] Research studies indicate that teachers face numerous
difficulties in organising learning activities to enhance learner engagement [3,4]. However, this may
be a challenge in many courses associated with software application development, which involves
programming and software development due to inherent complexities involving mathematical,
relational, and algorithmic models.

A large number of studies conducted in different disciplines agree that learner engagement is
a common issue [5]. It poses a similar challenge in teaching computer science [6] as many other
disciplines. Learning to develop computer applications and databases has been difficult, however,
these are core competencies, which are highly demanding in industry and academia [7]. To attain
skills and competence in design and development of computer applications, students are expected to
engage in an understanding of conceptual design and practice the development exercises. According
to Jenkins [8], teaching and learning application development can be challenging and identifying
students’ motivations is a key factor to successful outcome. Jenkins states that engagement would not
happen without motivation.

The use of an appropriate curriculum theory is essential to adopt a relevant curriculum model
for design, development, implementation, and evaluation approaches [9,10]. There is an intensive
discussion in literature relating to the definition of curriculum, however, it is widely referred to as
“planned and guided learning” in a formal educational context [11]. The curriculum theories and
models are classified into (i) transmitted—a body of knowledge to be transmitted (ii) product—to
achieve certain ends in students, (iii) process, and (iv) praxis. Clearly, the curriculum models are
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based on theories of teaching and learning. The transmitted curriculum is focused on a syllabus,
which is concerned with course content. Using this model, knowledge in the form of content is
transmitted to students [12]. The product curriculum is pre-defined, where plans are drawn up to
achieve previously designed objectives. It attempts to achieve certain ends in students. The Tyler
model is a product curriculum model which applies an outcome based approach associated with
“scientific management” [13]. Unlike the product approach, the process curriculum is defined as “a set
of documents” for implementation. The curriculum is viewed as a “process” which involves teachers,
students, and knowledge in order to achieve the requisite competence. This is defined by teachers and
learners’ interaction in the classroom. The Stenhouse approach is an example of a process curriculum
model [14]. While a product curriculum model is structured, the process model looks to the world of
experimentation. The praxis model is based on the process model. It is referred to as an act of engaging,
applying, exercising, and realising ideas. The curriculum is formed in the process of reflection and
interaction between teachers and learners.

There is plenty of discussion in the literature on pros and cons of all of the above models.
This research adopted a repeated measure design and inspired from action research approach to
identify and address issues relating quality of teaching and learning with a focus on learner engagement.
The study conducts repeated measures in a teaching practice to improve learner engagement and
curriculum delivery. The following research objectives are framed to address issues relating student
engagement and motivation:

• Review a teaching practice to identify issues related to delivery and quality of teaching and
learning associated with student engagement in computer science;

• take actions to address the issues identified as a result of the above;
• evaluate the influence of actions taken.

2. Background

There has been a continuous shift in teaching and learning from an instruction-based and didactic
approach to student-centred outcomes-oriented learning [15–17]. This approach encourages active
involvement of students in teaching and learning activities, which includes concentrated attention,
interest, and enjoyment as opposed to apathy and lack of interest with instructions [18–20].

The student-centred design is believed to increase learner’s engagement and help achieve learning
goals and promote autonomous learning [21]. The term “Learner Engagement” has been widely
researched for many years and is open to various interpretations by academics and researchers. Research
studies attribute learner engagement to understanding different dimensions and proposed various
models of measurement. It is defined as students’ involvement in active learning, peer collaboration,
and interaction with the teacher [1]. According to Schunk et al. [2], it is a learner’s behaviour
and response to teaching, including cognitive and emotional energy to accomplish a learning task.
Fredricks et al. [3] defined three types of engagement including (i) behavioural, (ii) emotional, and (iii)
cognitive, which are widely adopted parameters by many researchers. The behavioural engagement
is determined by students’ positive conduct, making efforts and active participation in learning
activities, and responding to teacher’s direction to activities [4,5]. In general, behavioural engagement
is a measure of student participation, concentration, attention, and punctuality in the classroom.
The emotional engagement is a student’s emotional response to peers, teachers, and reactions in the
classroom, e.g., fatigue, boredom, happiness, excitement [4,6]. Some researchers define emotional
engagement as reactions to the institution, teacher, and course activities [7]. The cognitive engagement
as a theoretical construct explains the amount of effort students are willing to invest in working on a
given learning task [8]. It relates to an individual’s mental model, perception, processing, and learning
of a task. Therefore, it is a challenge to measure the cognitive engagement. In summary, the learner’s
engagement is dependent upon a number of factors including active participation, collaboration,
interaction, reaction to teachers’ direction, attention, positive conduct, perception, and making efforts to
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learn and perform various learning activities. An increased engagement in learning activities has been
a significant predictor of continuing motivation and commitment [22]. Motivation and engagement are
vital to successful learners’ outcomes [23]. According to Kahu [24], this is an increasingly researched,
theorised, and debated issue due to growing evidence of its critical role in overall achievement
and learning. Bryson and Hand [25] identified three level of engagement including discourse with
students, professionalism with the teaching process, and enthusiasm for the subject. According to
Cutler [26] “in-class passivity among students in higher education is a growing problem”. This may
lead to lack of engagement and impacts learning activities. Cullen [27] indicates that large class
sizes have been more common in recent times, and Usher and Cervenan [28] expressed that this may
contribute to learners’ disengagement. In a recent study, O’Connor and Donovan [29] analysed student
perceptions on passivity and engagement. They reported 70% agreement on research questions relating
learners’ engagement using a revised approach to the traditional PowerPoint teaching. Some earlier
studies [30–32] suggest that students’ lack of engagement with academic activities is one of the key
reasons for demotivation, negative experience, and dropping out. In their comparative study of two
groups (Blended n = 99 and traditional n = 111) Law et al. [23] identified no difference in the mode
of learning on motivation and outcome. Their findings revealed the positive influence of learning
motivation on learning performance and enrolment. While many studies established the importance
of learner engagement [33–35], there are several factors that contribute to good or poor engagement.
Mystkowska-Wiertelak [36] identified that teachers believe that changing learners’ engagement and
attitudes may sometimes be beyond their control. It may be influenced by personal and previous
experiences. However, the effective use of course materials, teaching methodology, and intervention
strategies can impact learners’ behaviour [34,37].

Besides the traditional face-to-face learning, learner engagement is an inherit problem in remote
online learning with anonymity and lack of monitoring. The recent outbreak of the Covid-19 pandemic
caused by SARS-cov-2 has significantly changed the teaching and learning landscape [22]. There has
been a rapid shift in teaching and learning strategies, and many institutions are moving from traditional
face-to-face classrooms to blended or online learning [23]. This has triggered an increased demand
for learner engagement in rapidly growing blended learning. Coleman and Money [20] argue that
peer-based learning can play a key role in building relationships between students and teachers in
traditional teaching.

Researchers adopted several techniques to improve learners’ engagement. Beside instructional
intervention, the use of technology, including mobile phones and online platforms, can contribute
to positive learning experience [24]. Many studies [25–27] have reported an increase in students’
engagement with the use of electronic feedback devices such as clickers—a credit card size handheld
device using infrared signal to send student responses to a receiver attached to a computer and
software. Conversely, Lasry [28] reported that clickers have motivating influence, however, it provides
no additional benefit to student outcomes. Trees and Jackson [26] reported positive perception of using
clickers based on survey responses of 1500 undergraduate students citing social and communication
factors, feedback, and a desire to be engaged in active learning. However, some studies reported
limitations of using clicker technology, particularly in large classrooms. The purchase and maintenance
of hand held devices incurs additional costs [29,30]. The technical difficulties may challenge both
students and faculty, who are not technologically savvy [31,32].

Teaching and learning approaches have been changing rapidly with the advent of technology.
In recent years, teachers have been adopting various technologies to engage learners [6,33–38].
An increased use of mobile technology has increased the opportunities for access to more interactive
resources. Although previous studies [24,39–41] have proposed the use of mobile phones as a delivery
vehicle, it can be utilised for in-class room instant response and as a feedback tool. Mobile phones play
an important role in gamification of learning activities [17]. Some studies [42–45] argue that the use of
mobile phones and laptops could cause digital distractions in a classroom. However, mobile phones
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may be utilised for learning activities in order to increase interest and discourage student involvement
in other activities leading to digital distraction.

The constructivist models have been widely used in teaching computer science [46–48] due to its
applicability and alignment with the type of content, e.g., programming, algorithms, etc. According to
the constructivist approach, the teacher cannot ignore students’ existing knowledge [49]. This theory
encompasses different teaching approaches, including the problem-based learning. Based on the
findings from the initial survey discussed above, the research work employed the problem-based
approach to teaching and learning [50] as a primary model. According to this model, the starting point
for learning should be a problem, query, or puzzle that the learner wishes to solve [51]. This method
is widely used in teaching practices in medical sciences [52]. Collaborativism or cooperative models
promote socialisation [53,54], engagement, and inclusive learning environments [55], which are derived
from the constructivist theory [46].

Researchers agree that students’ engagement with purposeful learning activities is one of the
important factors for student success in learning and personal development [53,56–58]. Some studies
indicate that tacit knowledge acquired through experience is effective in improving teaching and
learning [59–61]. The use of effective pedagogical approaches has been a challenge and widely
researched area [62]. While some researchers believe in imposing and transmitting knowledge to
students, others suggest a structured approach with defined objectives [11,63]. One school of thought
supports inclusive development of needs analysis involving teachers and learners [11,64].

Given the above discussion, the learner’s engagement and motivation is identified as a key
issue during instructional based lectures [65,66]. Teachers are responsible for designing learning
activities that are intellectually stimulating and ensure student engagement. Although, the use of
instant electronic feedback technology may increase learners’ engagement; however, there are some
limitations to this approach including cost, resources, device management, maintenance, and technical
operation. This study will investigate a combination of technology, and problem-based and social
learning activities adopting Mayer’s multimedia principles in computer science in an attempt to
encourage learning and enhance learner experience.

3. Research Methodology

The data were collected in a “Data and Knowledge Management” module in the BSc (Computer
Science) Programme at a UK University, in an attempt to analyse and promote learner engagement
and optimize outcomes. The module uses lectures and lab-based seminars for teaching and learning.

This research adopts the action research spiral model [67]. It is a phased approach to analyse, plan,
act, observe, and reflect in a teaching and learning context. A quantitative web-based questionnaire
was utilised for data collection. It can be challenging to assess a learner’s engagement and realistic
response in a simulation environment; therefore, the study was conducted in a real classroom setting.
It allowed us to collect data not known prior to the teacher’s intervention.

3.1. Survey Method

This study adopted a survey method using an online questionnaire for data collection. The survey
is an extensively utilised tool for collection of data and user feedback to evaluate performance [68].
According to Dillman and Bowker [69], a survey is an effective approach to estimate the distribution of
characteristics in a defined population. However, this study was conducted in a live classroom setting,
and due to a limited number of volunteers in a live classroom session, we did not implement a random
sample or a controlled group.

A questionnaire is a survey technique implemented both in paper and online forms. This project
employs a web-based questionnaire to collect students’ feedback on the quality of teaching and learning.
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3.2. Measurement Instrument

To test the learner engagement, pre- and post-interactive activities questionnaires were designed.
The survey was developed by adopting a Student Evaluation of Educational Quality (SEEQ)
questionnaire [70] using questions associated with teaching and learning activities [70]. According to
Marsh, Hocevar, and Roche [71,72], “the SEEQ instrument has been widely researched for over 13 years
in undergraduate and graduate programs for approximately 50,000 courses and by 1 million users,
which indicates that it is both valid and reliable”. It is one of the most reliable and widely used
questionnaires [70].

The SEEQ questionnaire consists of 34 items for evaluating nine dimensions i.e., Learning,
Instructor Enthusiasm, Organization, Group Interaction, Individual Rapport, Breadth of Coverage,
Examinations/Grading, Assignments, and Workload or Difficulty. This research adopted the relevant
dimensions and utilised 17 items of the SEEQ questionnaire. As shown in Table 1, 16 instruments utilised
a five-point Likert scale, i.e., 5-Strongly Disagree, 4-Disagree, 3-Neutral, 2-Agree, and 1-Strongly Agree.

Table 1. SEEQ (Student Evaluation of Educational Quality) Questionnaire [70].

Learning

1. I have found the course intellectually challenging and stimulating.
2. I have learned something which I consider valuable.

3. My interest in the subject has increased as a consequence of this course.
4. I have learned and understood the subject materials of this course.

Organization
5. Instructor’s explanations were clear.

6. Course materials were well prepared and carefully explained.
7. Proposed objectives agreed with those actually taught, so I knew where course was going.

8. Instructor gave lectures that facilitated taking notes.
Group Interaction

9. Students were encouraged to participate in class discussions.
10. Students were invited to share their ideas and knowledge.

11. Students were encouraged to ask questions and were given meaningful answers.
12. Students were encouraged to express their own ideas and/or question the instructor.

Breadth
13. Instructor contrasted the implications of various theories.

14. Instructor presented the background or origin of ideas/concepts developed in class.
15. Instructor presented points of view other than his/her own when appropriate.

16. Instructor adequately discussed current developments in the field.
Comments/Feedback

17. Please provide any additional comments or feedback.

Likert Scale [5-Strongly Agree to 1-Strongly Disagree].

In the final stage of the study, an additional 15 items questionnaire was adopted and tailored to
the research requirements based on a questionnaire developed by Farzaneh and Nejadansari [73].

3.3. Research Approach

This research employed a repeated measures design. The research implementation was inspired
from Lewin’s [74,75] action research spiral model, as shown in Figure 1. We adapted the widely used
model to our study context, which relies on data to understand and transform learners’ behaviour in a
teaching environment. It was conducted in multiple phases described below:
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Figure 1. Lewin’s action research model [76].

1. Participants Recruitment: The study was conducted in a face-to-face, 12-week module using
actual events, teaching, and learning activities. Table 2 shows participants’ characteristics
summarised from classroom attendance. Student participation was voluntary, and their feedback
kept anonymised. The participants’ identification was not recorded as part of the data collection.
A total of 24 participants responded to the questionnaire and provided their feedback at different
stages of the study.

2. Initial Survey (Pre-test): An initial survey was conducted after week 2 for fact findings using the
SEEQ questionnaire, which is discussed in Section 4.1.

3. Introduction of Interactive Activities (Intervention): Based on the initial findings, we implemented
different approaches including Slido, Plickers, group tasks, and card sorting activities to improve
learning, which is explained in Section 4.2.

4. Repeat Survey (Post-test): A repeat survey was conducted after 8 weeks of the initial survey with
the same participants to evaluate the impact of interventions. Participants also responded to an
additional questionnaire relating to the specific use of activities.

Table 2. Participants’ characteristics.

Characteristic Value

Programme BSc (Computer Science)
Module Data and Knowledge Management

Average Age 20–22
Nationalities UK (21), China (1), Middle East (2)

Gender Female: 7, Male: 17
Total participants 24

4. Results and Implementation

This section discusses implementation of the research. The detailed analysis of each phase of the
process is described above.

4.1. Initial Survey

The analysis of initial fact findings is shown in Table 2 column 1. A total of 16 questions were
evaluated by a total of 24 students. Their feedback was anonymised in order to encourage participation
and collect accurate feedback without any reluctance. To check the reliability and internal consistency
of scale, a Cronbach alpha test was used. The “α” value for questions was greater than 0.8, which shows
“Good” internal consistency.

Results shown in Table 3, column 1, and Figure 2 revealed that all responses scored between 3
and 4 (mean value). The participants response was “just above neutral” to the majority of survey
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instruments on a five-point Likert scale [5-Strongly Agree, 4-Agree, 3-Neutral, 2-Disagree, 1-Strongly
Disagree]. The initial findings indicate a need for more work to improve the learning experience.
Of the total 16 questions, only questions 10 and 11 scored [Mean: 3.8], i.e., “Students were invited to
share their ideas and knowledge” and “Students were encouraged to ask questions and were given
meaningful answers”.

Table 3. Feedback on interactive group activities.

SEEQ Questionnaire Response (Mean)

Learning Pre Post

1. I have found the course intellectually challenging and stimulating. 3.7 3.7
2. I have learned something which I consider valuable. 3.6 4.2

3. My interest in the subject has increased as a consequence of this course. 3.2 4.2
4. I have learned and understood the subject materials of this course. 3.2 4.0

Organization
5. Instructor’s explanations were clear. 3.4 4.1

6. Course materials were well prepared and carefully explained. 3.3 4.3
7. Proposed objectives agreed with those actually taught so I knew where course was going. 3.3 3.8

8. Instructor gave lectures that facilitated taking notes. 3.3 4.0
Group Interaction

9. Students were encouraged to participate in class discussions. 3.7 4.5
10. Students were invited to share their ideas and knowledge. 3.8 4.2

11. Students were encouraged to ask questions and were given meaningful answers. 3.8 4.4
12. Students were encouraged to express their own ideas and/or question the instructor. 3.3 4.2

Breadth
13. Instructor contrasted the implications of various theories. 3.4 3.8

14. Instructor presented the background or origin of ideas/concepts developed in class. 3.6 4.0
15. Instructor presented points of view other than his/her own when appropriate. 3.5 4.0

16. Instructor adequately discussed current developments in the field. 3.3 3.9
Comments/Feedback

17. Please provide any additional comments or feedback. x x

Likert scale [5-Strongly Agree to 1-Strongly Disagree].

Figure 2. Results of initial feedback on SEEQ questionnaire.
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There were no direct questions about learner engagement in the initial questionnaire, however,
participants showed no significant “agreement” to any of the instruments related with “1–4 learning”,
“5–8 organization”, “9–12 group interaction”, and “13–15 breadth”. There was some positive feedback
about teachers’ interaction and encouragement to engage learners in response to questions “9–12 group
interaction”. However, the overall rating was just above neutral. Given the feedback from learners,
the following actions were taken to enhance learning, engagement, collaboration, group interaction,
and organization.

4.2. Introduction of Interactive Activities

The study implemented the above models using a problem-based approach [50,77] in groups
to teach both theoretical and practical skills in the “Data and Knowledge Management” module.
Group tasks and interactive activities were introduced to enhance learner experience. The group
tasks were followed by discussions to encourage leaners to ask questions and for teacher to assess
their progress. As per constructive alignment, group tasks and learning activities were aligned with
learning objectives and assessment [78]. The following specific actions were taken to enhance learner
engagement in teaching sessions:

1. Segmentation: As recommended by Gibbs and Jenkins [79,80], each teaching session was broken
down into small segments in a power point presentation as described below. The course content
and presentation were shared with students on MOODLE Learning Management System (LMS)
before the teaching session.

2. Card Sorting Activity: In order to involve students in the learning process, questions and answers
were printed on laminated paper cards for a card sorting and mapping activity. After teaching
the relevant material for 15–20 min, students were invited to sort or map answers to questions on
printed cards in groups (group of three), e.g., titles for primary key, foreign key, and super key
were mixed with their definitions on cards, and students were asked to pair them up [81]. Some of
these definitions were related with previous teaching sessions to help them recall. This was
followed by further teaching material on a PowerPoint presentation in the next segment.

3. Group Task: After teaching the next segment for 15–20 min, students were invited to perform a
15 min task on paper in groups. For example, in one session, students were asked to normalize
data for a “student application form” to 1st, 2nd, and 3rd normal forms in groups. This was
followed by further teaching material on a PowerPoint presentation in the next segment.

4. Interactive Activity (Plickers): After teaching in the next segment for 15–20 min. Students were
invited to participate in a “Plickers” Multiple Choice Questions (MCQ) quiz [82], an audience
response system. Using this method:

• The lecturer (author) prepared questions before the lecture and uploaded them to the
Plickers website.

• To collect answers, mobile readable cards (see Figure 3a,b) were printed and shared
with students.

• Students were invited to answer MCQ questions shared from the Plickers library. These were
displayed on the multimedia projector.

• Students answered the questions by showing the printed card in a specific position.
Each position represents different answer choice, i.e., a, b, c, and d.

• The lecture (author) scanned their responses from display cards using the Plickers mobile
app, and results were instantly displayed on the multimedia projector. Each Plicker card is
unique and represents an individual student.

5. Interactive Activity (Slido): At the end of lecture, students were invited to answer MCQ questions
on Slido using their mobile phones (see Figure 3c,d). Slido is a real time interactive online
application for polls, MCQs, and questions [83]. Using this method:
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• Students answered MCQ questions on their phones and the results were displayed instantly
on projector from the Slido website.

• Students were invited to ask questions regarding the lecture in the Slido “Questions &
Answers” section.

• Students were able to rate questions posted by other students and displayed on the projector.
• Students may ask questions anonymously in order to encourage individuals who would

otherwise hesitate to ask questions face-to-face.

Figure 3. Interactive activities. (a) Plicker cards, (b) Plicker results, (c) Slido polls, (d) Slido
questions summary.

The initial observation and verbal feedback from students suggest that these interactive activities
and group tasks enhanced their learning experience.

4.3. Repeat Survey

This section provides an analysis of participants’ feedback on the SEEQ questionnaire using the
same instruments and participants in a repeat survey. The survey was conducted after 8 weeks of the
initial survey and actions taken (see Sections 3.1 and 3.2 above). A total of 24 students responded to
the questionnaire. It was the same group which participated in the initial survey to keep the findings
consistent and for authentic statistical comparison. To check the reliability and internal consistency of
scale, a Cronbach alpha test was used. The “α” value for questions was greater than 0.8 with (α = 0.866),
which shows “Good” internal consistency.
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In order to test the significance of any trend in the data presented in Table 3, columns 1st and 2nd,
a one-way ANOVA test was performed with linear contrasts. A significant trend was confirmed in
participants’ response to survey 1 (pre-test) and survey 2 (post-test after group, interactive activities)
questions F (1, 30) = 52.12, p < 0.01. A Spearman correlation coefficient was computed to assess the
direction of the trend between surveys 1 and 2 (rs = 0.81, n = 32, p < 0.01), which shows an increasing
trend in the mean score. The trend graph shown in Figures 4 and 5 indicates an increasing trend in
participants’ response to the SEEQ questionnaire before and after “taking actions”.

Figure 4. Trend graph.

Figure 5. Pre-test and post-test survey comparison.
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A paired-samples t-test was conducted to compare the mean values of survey instruments before
and after the use of actions, i.e., group activities. There was a significant difference in the scores for
the SEEQ questionnaire’s pre-test (M = 3.5, SD = 0.20) and post-test (M = 4.0, SD = 0.24) conditions;
t (15) = 9.8, p < 0.001.

4.4. Learners’ Feedback on Interactive Activities

The above findings indicate a significant difference in participants’ feedback with regards to
learning, organization, group interaction, and breadth.

The actions taken had a positive influence on learner experience and outcomes. In order to confirm
the reason for enhanced learner engagement, a third survey was conducted using questions directly
related to the collaborative and group activities discussed above (see Section 4.3).

In order to confirm learners’ feedback on the revised teaching approach, an online questionnaire
was organised on the use of technology, collaboration, group tasks, and interactive tools discussed in
Section 4.2. The 15 instrument questionnaire was adopted from the instrument developed by Farzaneh
and Nejadansari [73] and tailored to the requirements of this research. A total of 24 participants
responded to the questionnaire. It was the same group that participated in the previous surveys in
order to keep the feedback consistent.

Findings of the survey are shown in Figure 6 and Table 4. Participants showed a significant
agreement to the majority of questions in the survey. Questions [1–4], relating group tasks and
collobrative activities, scored 4.21 or above. The question regarding the use of technology, i.e., “Plickers”
and “Slido” scored 4.46.

Figure 6. Feedback on interactive group activities.
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Table 4. Feedback on interactive group activities.

No. Questions Mean SD

Q.1 I enjoyed working together in groups. 4.42 0.82

Q.2 The group/collaborative approach method made understanding of “Database”
concepts easy for me. 4.25 0.83

Q.3 I felt responsibility to contribute to my group. 4.21 0.82
Q.4 I get along with other group members. 4.30 0.8

Q.5 The use of technology, e.g., Slido and Plickers, enhanced my learning experience
in the class. 4.46 0.64

Q.6 The card sorting format is the best way for me to learn the material. 4.08 0.7

Q.7 The group-based problem-solving format is the best way for me to learn
the material. 4.08 0.81

Q.8 I enjoyed working with my class mates on group tasks. 4.38 0.7
Q.9 The group-based problem-solving format was disruptive (r). 3.70 1.3
Q.10 The group-based problem-solving approach was NOT effective (r). 4.00 1.1
Q.11 The group task method helped me to develop enjoyment in coming to the class. 3.75 0.78
Q.12 I prefer that my teacher use more group activities. 4.08 0.86
Q.13 My work is better organized when I am in a group. 3.58 0.91
Q.14 Group activities make the learning experience easier. 4.08 0.64
Q.15 Cooperative learning can improve my attitude towards work. 3.88 0.73

5-Strongly Agree–1-Strongly Disagree “(r) indicate reverse scored”.

4.5. Learners Outcomes and Feedback

While student engagement in the classroom is the key to a successful outcome, it is important to
complete the cycle and evaluate a student’s overall achievement and curriculum outcome. Therefore,
we analysed the outcome of the formative assessment during interactive activities as well as the
relevant summative component in the final coursework. Figure 7 shows the overall outcomes of the
assessment performed using Plickers and Slido quizzes. Students were asked a total of 42 questions
interleaved during lectures from week 3 to week 8. The outcomes of the assessment were Mean = 79.41,
Min = 43, Max = 100, SD = 14.17. This indicates a good level of engagement in the classroom.

Figure 7. Formative assessment outcome.

The summative assessment had two components, i.e., theoretical coursework and practical
implementation. Since the interactive activities were related with the theoretical underpinning of the
subject, we have analysed the final outcome of the coursework for the 24 students that participated in
the study. Figure 8 shows a summary of students’ outcomes in the relevant summative assessment
component, which were Mean = 64.41, Min = 43, Max = 73, SD = 6.78. The summative assessment was
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conducted in week 13. Figures 7 and 8 show that students achieved 96% [A–C] grades and 4% [D]
grades in both formative and summative assessments.

Figure 8. Summative assessment outcome.

The group card sorting activity was performed in groups, i.e., 8 groups of 3 students randomly
allocated each week, and students matched questions and answers written on cards randomly sorted.
The lecturer went to each group on their desks in the classroom to check their answers and helped them
on spot to match the correct outcomes in case of an incorrect match. To manage time, the group activities
were conducted in weeks 3, 6, and 8 only. Figure 9 shows the outcome of the card sorting games
recorded in weeks 3, 6, and 8. Student outcomes in the card sorting game activity was Mean = 82.51,
Min = 60, Max = 100, SD = 0.11.

Figure 9. Card sorting outcome.

To measure the level of engagement, we asked an open text before and after the introduction
of interactive activities as shown in Table 4 above. The findings are encouraging and positive.
The participants provided positive comments in response to open text question expressing their
enjoyment for the new activities as quoted below. This indicates positive emotional engagement.

“I like it and I wish all lecturers do the same!”

“Love the questions at the end of the lectures.”

“Seminars are really productive and have made the course very interesting. I have enjoyed
the seminars very much so far and will continue to learn more outside of class because of it.”
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4.6. Teacher Observations

There are several factors that may influence learner engagement in a classroom setting. Findings of
the pre-test and post-test observations are noted below to understand learners’ behavioural, emotional,
and cognitive response to teacher interventions.

• Response to Teacher Enquiries: Before the intervention in week 3, the student–teacher interaction
was teacher driven. Some students were believed to be reluctant to participate and respond
to teacher enquiries. The problem-based group tasks and card sorting activities [81] increased
students’ response to the teacher’s enquiries. This fostered learning and increased trust in the
student–teacher relationship and promoted collaborative learning. There was a notable increase
in the student’s response to teacher’s enquiries.

• Student Enquiries: The number of students’ enquiries was zero in the first two weeks. However,
the group-based activities encouraged constructive discussions and enquiries. It helped in
knowledge construction and inclusive learning. At times, the problem-based group exercise
generated positive debates between peers, students, and the teacher. The level of interest
increased in the last 4 weeks, and some students stayed for longer after the lecture time to make
further enquiries.

• Peer Chat and Mobile Phone Distractions: It was observed that a small number of students (4–5)
were constantly involved in distracting peer chat and occasionally engaged in activities on their
phones in the first 3 weeks. Students were randomly seated during the problem-based group
tasks and card sorting exercise, which helped to divert the discussion in a positive direction.
Furthermore, students used their phones for live participation in Slido quizzes, which minimized
digital distraction. The use of Plickers display cards to answer the questions increased the element
of excitement and participation.

• Late Joining: It was observed that 2–3 students were joining late in the first two weeks. The use of
participatory activities encouraged students to be punctual and arrive on time. This improved the
class discipline and minimized distraction.

Overall, a positive behavioural change was observed in the classroom. Students’ social interaction
increased as a result of the teacher’s interventions. The use of technology-based interactions introduced
an element of excitement, competition, curiosity, and fun. Students openly expressed their likeness
for the teaching approach in the classroom and responded to calls. The segmentation of lectures and
variation in activities minimized fatigue. Students were provided instant and constructive feedback on
their work.

5. Discussion

The initial analysis of the first survey discussed above indicates positive feedback; however,
there was room for improvement in some areas.

While interactive activities are key to learner engagement, there is a significant importance of
the subject area, course content, and learning outcomes on learners’ motivation [84,85]. As shown in
Table 3, “Learning section”, Q1–4, overall, there has been an increase in students’ feedback in this
area. Notably, there was no change in response to Question 1 “I have found the course intellectually
challenging and stimulating”, scored 3.7, before and after the introduction of interactive activities.
This indicates that irrespective of teaching methodology, intellectually challenging course material has
an important role in learning experience. Response to this section reveals the importance and role of a
subject area, learning material, and specific learning outcomes in learners’ motivation.

Questions 10 and 11 were evaluated the highest, with a mean score of 3.8 each. This shows
genuine teaching efforts to engage learners during the conventional lectures. Although the participants
rating to all questions was well-above the median score, none of the questions scored 4 or above.

We introduced changes in three key areas (i) use of technology, i.e., Plickers, Slido, (ii) group
activities, i.e., problem-based questions, card sorting, to improve learning and engage students,
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and (iii) segmentation of lectures. In response to question 7, “The group based problem solving format
is the best way for me to learn the material” and question 8, “I enjoyed working with my class mates
on group tasks”, participants evaluated them highly, with a mean score 4.08 (SD = 0.81) and 4.38
(SD = 0.7), respectively. In their influential study, Dochy et al. [86] revealed that “there is a robust
positive effect from problem based learning on the skills of students and no single study reported
negative effects”. However, to fully understand the impact of the problem-based approach, it is
warranted to investigate the final learning outcomes post summative assessment. The outcomes of
both formative and summative assessments were positive.

The problem-based approach was not the only indicator for change in learners’ behaviour.
The cognitive load theory describes how a limited capacity of working memory can impact learners’
ability to process new information [87], which may influence engagement with learning activities.
We attempted to reduce cognitive load and pressure on students’ working memory by switching
from ongoing passive lecture to active learning, promoting social learning and utilising technology.
The segmentation principle of Mayer and Moreno [80] on 12 principles of multimedia design can be
applied in an in-class room setting, which states that people learn better when a lesson is presented in
user-paced segments rather than as a continuous unit.

The creative use of interactive tools and technologies encouraged participation and inclusive
learning. An improvement in students’ engagement, participation, and interest was also observed
during classroom activities. The students expressed this in their feedback to open text questions
cited in the previous section. The use of Plickers and Slido applications was effective for formative
assessment. Some students were hesitant to respond to short enquiries made by the lecturer, however,
the problem-based group task ensured inclusive learning. In response to questions relating the
specific use of Slido and Plickers, participants evaluated them significantly high with a mean score of
4.58 (SD = 0.6). Furthermore, evidence from other studies indicates students’ likeness for the use of
interactive activities and technology. In a recent study by Wood et al. [88] on the use of the technology,
83% of respondents preferred Plickers compared to written, paper quizzes. In a similar vein, Ha [89]
showed that students reported “slido helped them participate more actively in class by answering”,
and rated a relevant survey question positively (Mean = 4.12). Stowell and Nelson [90] reported an
increase in students’ engagement with the use of clickers. Sun [91] reported that the use of technology
and in-class polls reduced students’ anxiety, and improved outcomes as well as their attention during
polling. The use of innovative approaches to designing learning activities using Slido and Plickers
improved on the legacy clicker system by reducing the cost of purchase and maintenance of hand
held devices [92]. Although participants responded positively to the use of mobile phones, there are
limitations to their use, including access to mobile phones or laptops, the Internet, and software license
costs for a large number of users.

The group activities and problem-based tasks were aligned with the learning outcomes.
Participants responded positively to questions relating card sorting activities and group tasks, and both
scored 4.08. An earlier study [93] reported that in problem-based and team learning, the amount of
learner-to-learner engagement was much greater than in lectures, where most engagement was of the
learner-to-instructor and self-engagement types. This also increased learner-to-instructor engagement.
However, organising group tasks and card sorting may require additional time and resources.

6. Study Limitations

The study was conducted in an active teaching practice with a limited number of participants
(n = 24). This may influence the ecological validity to generalise the findings. Although some argue
that a teacher observing a small set of classrooms can still produce optimum design insights [94],
the current study may result in location and context bias, which needs further investigation.
Furthermore, the study is limited to evaluate the impact of interactive and group activities on
student motivation and engagement. However, this may further benefit from understanding the
statistical correlation of student engagement on the overall learning outcomes including summative
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assessment. A similar study [95] researched the impact of interactive engagement on overall student
achievement (n = 124). Their findings revealed notable improvements on overall student’s academic
achievement. These findings are helpful in drawing inference to support the current findings. Another
study [96], conducted with 224 high school students, revealed positive outcomes as a result of increased
learner engagement. From the current findings and above discussion, we can predict that an increased
learner engagement may have a positive influence on the learner’s overall achievements.

The current study targeted computer science undergraduate students at a UK university,
and further testing in diverse locations and programmes will reinforce the evidence. The scope
needs to further broaden the gender distribution and age range. According to Shibley Hyde and
Kling [97], women performs better in higher education than men. Therefore, the current study
may benefit further from an increased number of participants with appropriate gender distribution.
The study also lacks a control group that would allow us to verify differences or similarities on the use
of interactive and didactic application. Furthermore, the learners’ response to the use of interactive
activities was recorded using questionnaires and presented here. However, the measure of learning
outcome, i.e., what student learnt using various activities, was not recorded, which can be an import
factor to determine learning outcomes.

The Community of Enquiry (EOI) framework defines the formation and process of empirical
inquiry into problematic situations [98]. The framework constructs three types of learners’ presence
including social, cognitive, and teaching presence to understand educational experience. The current
study can further expand to understand the teaching presence. The teaching presence is crucial to
establish teaching approach, curriculum delivery, and facilitation methods [99].

7. Conclusions

This study conducted a review of a teaching practice, followed by a repeated measure approach
to understand the influence of collaboration, group work, and problem-based approaches using
interactive activities to enhance learner engagement. The findings indicate significant (p < 0.001)
improvement in students’ feedback on learning, engagement, and group work. The use of media
technology and interactive activities has a positive impact on promoting learning and, therefore,
learner engagement. This study recommends to: (i) Promote problem-based approaches to learning
in computer science and encourage student participation in problem solving tasks, (ii) encourage
participation and exploit technology driven techniques to promote interaction, (iii) encourage group
work to promote social construction of knowledge and collaborative learning, (iv) integrate learning
outcomes, module outcome, assessment, and learning activities, and introduce strategies to measure
student engagement.

This research work was conducted in one module. However, there is a potential for organising
the study in an array of modules and programmes more widely to increase participation and conduct
in-depth comparative analysis. The sample size was small, and the study is warranted on a larger sample
size, multiple programmes, and diverse locations to increase the statistical significance and currency.
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