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Abstract: The integration of Student Response Systems (SRSs) into classroom teaching is a pioneering
progression in social sciences research that has shown potential in boosting student engagement and
elevating academic success. However, no extensive study has examined the impact of its use on
academic achievement within a sizable number of students of diverse cofactors, such as scientific
discipline and study levels. The current study aims to conduct a comprehensive score analysis
investigating the effect of SRS use on academic performance. It involved a total of 6047 male and
female undergraduate students from four scientific disciplines, seven colleges, four campuses, and
13 courses covering all study levels within King Saud University. The student’s scores along with their
attributes were anonymously collected from the university system. A voluntary anonymous survey
was distributed to collect students” perceptions of SRS along with their personal attributes, such as
learning style, and class interaction preferences. Upon data collection, the Python programming lan-
guage was exclusively implemented for comprehensive data analysis including grouping, validation,
random sampling, visualization, and statistical analysis. The overall score analysis study showed a
non-significant effect of SRS use on student scores compared to the control (non-SRS) group, while
the survey findings proved a significant enhancement of students’ scores (in courses that utilized
SRS) compared to their overall GPA. In addition, the differential score and survey analysis within
various study subcategories showed significant positive effects in certain subcategories, particularly
science and community colleges, and four of their representative courses. SRS showed higher levels
of overall student satisfaction (average—4.4/5.0), yet it was also significantly influenced by scientific
discipline, preferred interaction methods, and study levels. Overall, SRS provides a highly engaging
tool with excellent student acceptance and potential academic performance enhancement.

Keywords: student achievement; active learning; student response systems; score analysis; Python
programming language; data analysis

1. Introduction

The emergence of digital technologies, the progress of social sciences research, and
their significant impact on education have shown great potential to improve students’
abilities to intellectually adapt, possess new knowledge and learn skills, and sustain
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their contribution in the digital age [1]. Many universities place a strong emphasis on
enhancing student active learning in order to enhance academic achievement. According
to several references, the incorporation of technology into the educational process has
increased students’ educational effectiveness. The use of modern technologies in education,
particularly higher education, has advanced significantly [2].

There are numerous approaches to incorporate active learning in the classroom, all
of which share the common goal of actively engaging the student in the learning process
within the class [3]. One widely used technology that promotes active participation is the
implementation of student response systems (SRS), which allow for real-time interaction
between the teacher and students, providing opportunities for immediate feedback and
increased engagement. Accordingly, instructors can gauge student understanding and
adjust their teaching strategies and styles. These systems are known by a variety of
terms, such as classroom communication systems [4], audience response systems [5,6],
clickers [7,8], student response systems [9], and voting systems [10,11].

The implementation of SRS has yielded numerous benefits that have enhanced the
effectiveness of classroom instruction. SRS has been shown to have a positive impact on
several learning outcomes, and particularly student engagement within the classroom. SRS
has motivated students to attend lectures and actively participate in class discussions [12].
When using SRS, the students tend to be more attentive in the classroom because they
are frequently required to answer questions during the lecture [13]. Additionally, it helps
teachers improve their teaching strategies, which could lead to an overall improvement of
university-level education by promoting active learning [12,14-16].

Regarding its effect on student achievement, there is divergent scientific evidence
on the effect of SRS on student achievement in exams [17]. Some studies reported that
the use of SRS in the classroom led to an improvement in the student’s academic per-
formance and their scores in the examinations [15,18], as well as the improvement of
the learning outcomes [14,19,20] and cognitive outcomes [21]. On the other hand, some
studies declared that SRS did not have a significantly positive impact on student achieve-
ment [22,23]. Although the survey results showed that the majority of students enjoyed
using the SRS, this did not necessarily translate into a significant improvement in their
overall performance [24].

From another angle, exploratory data analysis (EDA) allows a better understanding of
data, its distribution, purity, features, etc. The Python programming language introduces a
robust tool to perform EDA, including data groups/subgroups, preprocessing, and manip-
ulation, as well as providing attractive visualization, investigating potential correlations,
and customized statistical analysis [25]. In addition, Python enables efficient detection and
handling of duplicates, missing/incorrect values, and/or candidates that do not fulfill the
study inclusion criteria within large study populations.

The student score is a key performance indicator (KPI) that reflects the achievement
of the student in his learning path. Several studies have investigated the effect of SRS
on KPI at the college/faculty level only; however, no extensive studies have conducted
such research at the university level. In contrast, the current study presents an exceptional
attempt to assess the effect of SRSs on student scores through a sizable group of students
with a variety of academic backgrounds, university campuses, and study levels. In addition,
the current study presents a novel attempt to utilize a high-level programming language,
namely “Python 3”, for deep EDA of students’ scores and perceptions.

The main objective of this study was to investigate the effect of SRS use on academic
performance, including pass, failure, prohibition rates, and final student scores in various
courses, campuses, and scientific disciplines. The current study aims to answer important
questions like: (1) To what extent did the use of student response systems (SRS) contribute to
increasing students” academic achievement and test scores? (2) What are the effects of other
confounding factors such as gender and academic backgrounds on academic achievements?
(3) Do students’ personal attributes such as preferred learning style, interaction method,
and study levels affect their overall satisfaction with SRS use?
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2. Methods
2.1. Procedure

The study was conducted in the Fall-2022 semester and involved seven colleges within
King Saud University, which involved the various disciplines of health, science, community,
and humanities colleges (Level 1-10, Bachelor’s degree, male and female campuses).

The “SRSs” educational project was initiated and orchestrated by the Center for
Excellence in Learning and Teaching at King Saud University (KSU-CELT). The latter was
also in charge of the project’s funding, implementation, data collection, procurement of SRS
devices, and technical support. A call for voluntary participation in the SRS educational
project was made public by CELT-KSU at the start of the Fall-2022 semester. The program
was directed at all colleges and disciplines of King Saud University. Faculty members had
to consent to the following conditions before using SRS in their live courses:

e  To utilize the SRS in the educational process of bachelor’s sections where at least one
section must include >20 students;

e To submit a final report, a faculty survey, and to encourage his/her students to
participate in the students’ survey on utilizing SRS.

Newly hired faculty members could receive financial support for their efforts in using,
managing, distributing the SRS devices, collecting data, and sending reports on the project
(regardless of their own or their students” opinions of using SRS).

2.2. Characteristics of the Participants

Ten faculty members from different colleges successfully utilized the SRS within
14 undergraduate courses (Table 1). The SRSs were utilized in certain sections within each
course and the other sections that did not apply SRS were included as control. Accordingly,
a total of 7046 undergraduate students were initially enrolled in the score analysis study
(Figure 1). However, the following students/sections were excluded from the score analysis
study as follow:

e  Five sections (202 students) showed technical errors in score calculation and /or miss-
ing/incomplete values;
Male campus #3 involved only six students in (1 section) and none of them utilized SRS;
12 sections (342 students) were registered in the I-Cal course, some of them utilized
SRS in the theoretical labs (not in the lectures), and hence, they could not be identified
(from those who did not use SRS) in terms of their achievement in the final exams;

e 449 students withdrew from their courses in the early weeks of the semester.

Table 1. List of courses and their abbreviations.

Course Name Abbreviation
English Language (1st level) EL-1
Pharmaceutical calculations and liquid dosage forms PC-LDF
Arabic Language-Writing Skills AL-WS
Medical Terminology MT
Professional Ethics in the Health Sector PE-HS
Health Management HM
Organization of Healthcare Services OHS
Biostatistics BIO-STAT
Introduction to Plant Production Intro-PP
Enzymology Enz
Molecular biology M-BIO
Physiology Phys
Integral Calculus I-Cal

Linear Algebra in Business LA-B
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Figure 1. Schematic representation of the data collection and analysis processes of exam scores.

Accordingly, the remaining 6047 students (corresponding to 185 sections, seven col-
leges, and 13 courses) were considered in all the subsequent score analyses.

The demographical data showed that the study covered a wide range of study levels of
bachelor degrees ranging from levels 1 to 10. Interestingly, it showed an equal distribution
based on gender (Figure 2A). In addition, the study was conducted in four university
campuses where the majority (41%) belong to Male campus #1 (Figure 2B). In addition, the
study involved good distribution among different disciplines, covering up to seven colleges
(that involve the four scientific disciplines) within the university. Interestingly, the majority
of participating students (55%) belong to the humanities and social sciences college, which
belongs to the humanities discipline (Figure 2C,D). Most importantly, 10% of the enrolled
students utilized SRS within their courses, while the remaining 90% represented the control
group that lacked SRS use (Figure 2E).

2.3. Assessment of Student Achievements

After the semester ended, the final exam scores were anonymously collected from the
deanship of admission and registration affairs at KSU. The collected data involved the total
number of registered, dropped, studied, and prohibited students within each section. In
addition, it presented the number of passed and failed students along with their detailed
distribution over different score ranks from (D to A+).

If student attendance was less than 75% of the lectures and laboratory sessions assigned
for each course, the student was barred from continuing that course and was denied
entrance to the respective final examination. A student who is denied entrance to the
examination due to absences is considered to have failed that course and is given the grade
DN in the course. These data were reformatted by the Python programing language to focus
on the three main features, namely, Pass_rate (%), Average section score, and Student_score.
The pass rate was calculated based on the percentage of students who were graded D or
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above, while the failure rate was calculated based on students who were graded DN or F.
The Average section and student scores were calculated based on the KSU grading system
(A+:5,A:4.75,B+:4.5,B:4,C+: 3.5,C: 3, D+:25,D: 2, F: 1, DN: 1).

Male Campus #1
Male Campus #2

Male Campus #2

Female Campus #1

Female Campus #2

B Female Campus #2 Male Campus #1

Female Campus #1

Applied_studies_and_community_service
Business_administration 1865 (31%)

Food_and_Agriculture_Sciences 183 (3%)
141 (2%)

123 (2%)Pharmacy
52 (1%) Sciences

334 (6%)Medicine

wn Applied_studies_and_community_service
0 Business_administration

= Food_and_Agriculture_Sciences

[ Humanities_and_Social_Sciences

" Medicine

[ sciences

© pharmacy

3349 (55%)

Humanities_and_Social_Sciences

Figure 2. Cont.
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Community Health
Humanities
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Health
1865 (31%)
457 (8%)
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376 (6%)
3349 (55%)
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NO
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575 (10%) ¥ES

o 5472 (90%)

Figure 2. The distribution of students according to (A) Gender, (B) Campus, (C) Faculty, (D) Scientific
discipline, and (E) SRS use.

2.4. Questionnaires to Evaluate Student’s Perceptions of SRS

At the end of the semester, all students who utilized SRS were encouraged to partici-
pate in an anonymous voluntary survey to solicit their feedback about using SRS [26]. The
survey was designed in the Arabic language and involved two main sections. The first
section collected the general respondent’s information, including gender, college, study
level, and whether they used SRS this semester. Only students who used SRS were redi-
rected to the second section that collected students’ feedback on their preferred learning
style, preferred interaction method with the lecturer, and their overall satisfaction with
using SRS. In addition, they were required to list courses where they used SRS, their score
in these courses, as well as their GPA. An English translation of the original Arabic survey
is presented in Appendix A.

The surveys were designed using Google Forms® and the survey link was sent by
email to students [27]. Two reminders were subsequently sent to the students to encourage
their participation.

A total of 460 students were surveyed and the number of responses reached 85 repre-
senting a response rate of 18.5%. Among the respondents, 18 students did not use SRS and,
hence, were excluded from the next survey sections.



Systems 2023, 11, 384

7 of 23

2.5. Ethical Considerations

The research tool (student survey) was revised and approved by the Standing Com-
mittee for Scientific Research Ethics (Ref No. KSU-HE-22-772). Retrospective analyses of
student scores and feedback were collected as part of normal assessment during the course.
Informed consent was obtained from surveyed students electronically. The student survey
included a pre-statement that the survey was anonymous.

2.6. Data Analysis

The current study data were mainly analyzed using the Python programing language
(version 3.9.13) within Jupyter Notebook (Anaconda 3 version 23.1.0). In addition, the
following packages, namely, numpy, pandas, matplotlib, seaborn, statannotations, itertools
were utilized for data presentation, grouping, validation, data frame manipulation, and
visualization. The normality of the data was assessed by Shapiro-Wilk and Kolmogorov—
Smirnov tests (Scipy.stats python packages) [28].

2.6.1. Sampling

The preliminary testing of the data revealed a very large difference in sample sizes
between the SRS and the control groups (Figure 2E). The thorough investigation revealed
that this deviation was mainly due to two large-sized courses, namely, AL-WS and EL-1
(n = 3349 students/109 sections and 1227 students/30 sections, respectively). In these
two courses, the number of students in the control groups was ~158 and 42-fold compared
to their counterpart SRS group, respectively. This caused misleading calculation of the
overall average score of each study subgroup and increased the risk of type 1 error when
analyzing the overall effects of study variables due to the unbalanced distribution of
students according to potential confounding factors (unequal number of SRS/ control in
each course). To solve this limitation, random sampling from the collected raw data was
conducted (Table 2). In each course, sampling was made only for the group (SRS or control)
that had a larger size (n) to achieve an equal number of students in SRS/ control groups
within each course. The sampling was conducted by the sample function (pandas python
package) and the mean score of all sampled data was similar to their counterparts in raw
data (p > 0.05) (Table 2). Accordingly, the subsequent statistical analysis of pass rate(%) and
student score was conducted based on the sampled data.

2.6.2. Statistical Analysis

For dichotomous dependent variables (such as pass yes/no), the data were statistically
analyzed by the Chi-square test of independence (in a contingency table) for two inde-
pendent samples and Bonferroni post Chi-square adjustment for >2 samples (Scipy.stats
python package) [29,30].

For other dependent variables (discrete or continuous), the Mann-Whitney-Wilcoxon
test [two-sided] (statannotations python package) for two independent samples, the
Wilcoxon signed-rank test (Scipy.stats python package) for two paired samples, and kruskal
wallis H followed by the Dunn post hoc test with Bonferroni correction (pingouin and
scikit_posthocs python packages) for >2 samples [31]. In the case of large sample sizes
(both n > 500), the Z-test was utilized instead of the Mann-Whitney-Wilcoxon test to avoid
the risk of Type 1 error occurrence with the latter [32,33].

The correlation analysis was conducted by Spearman’s correlation test (Scipy.stats
python packages) [34]. A p-value of <0.05 was denoted statistically significant in all the
statistical analysis tests.
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Table 2. Study mapping of student distribution according to different subcategories (raw vs.

sampled data).
SCIENTIFIC COURSE SRS Raw Data Sampled
Data -Value *
DISCIPLINE FACULTY CODE USE p-value
n n
NO 53 25 0.48
BIO-STAT
YES 25 25 1.00 *
NO 1199 28 0.19
EL1
YES 28 28 1.00#
NO 152 21 0.73
MT m
. Applied_studies_and_ YES 21 21 1.00
Community . .
community_service NO 147 21 0.36
PE-HS
YES 21 21 1.00 #
NO 55 36 0.84
HM
YES 36 36 1.00 *
NO 104 24 0.56
OHS
YES 24 24 1.00 #
NO 146 146 1.00 #
Medicine Phys
YES 188 146 0.72
Health
NO 54 54 1.00 #
Pharmacy PC-LDF
YES 69 54 0.76
iti NO 3328 21 0.09
Humanities Hum.amhe.s_and_ AL-WS
Social_Sciences YES 21 21 1.00 #
) o . NO 96 87 091
Business_administration LA-B
YES 87 87 1.00 *
i NO 118 23 0.61
Food_and._Agrlculture_ Intro-PP
. Sciences YES 23 23 1.00 #
Science
NO 10 10 1.00 #
Enz
_ YES 10 10 1.00#
Sciences
NO 10 10 1.00 #
M-BIO
YES 22 10 1.00

* The p-value representing the statistical difference in the average score between sampled and raw data within
each course. # denotes that the sampled data contain the exact values as the raw data.

3. Results
3.1. General Study Findings

A total of 6047 students were enrolled in the current study within the Fall-2022
semester. The data distribution and general statistics of the study parameters are presented
in Table 3. The study involved 185 sections in which the average number of studied
students was 33 students per section. The average passing, prohibition, and failure rates
were 95.1%, 0.4%, and 4.5%, respectively. Interestingly, the average student score was 4.1
(out of 5.0), with more than 50% of the students scoring >4.75 (A+ and A).

The histograms for the pass rate and the score showed right-skewed distributions,
while the failure and prohibition rates showed left-skewed distributions. Both Shapiro—
Wilk and Kolmogorov-Smirnov tests showed a significant p-value (p < 0.05) for all of
these parameters. Accordingly, these parameters are not normally distributed and, hence,
non-parametric tests were applied to test the statistical significance between different study
groups [28].
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Table 3. The descriptive statistics of the score analysis study based on sections (n = 185).
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min 4.0 3.0 61.5 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 21.0 20.0 93.1 0.0 0.0 3.7 10.4 8.3 4.4 2.2 0.0 0.0 0.0 0.0
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max 118.0 108.0  100.0 8.3 30.8 5.0 98.1 66.7 60.0 50.0 66.7 33.3 30.0 50.0

3.2. Pass Rate (%)

The overall analysis of the pass rate revealed that, generally, SRS use showed no
significant effect on the pass rate (p = 0.42) (Figure 3). Regarding the other co-factors, the
overall analysis showed that gender had no significant effect on the pass rate (Figure 4A),
while the campus, scientific discipline, and course type had significant effects on the pass
rate (Figure 4C,E and Figure 5A, respectively). In particular, Female Campus #1 showed a
significantly higher pass rate compared to the Male Campus #2 (Figure 4C). The science
colleges showed significantly higher pass rates compared to both health and community
colleges (Figure 4E). Due to the significant effects of these confounding factors, it was
important to investigate the SRS effect as a smaller subset based on each subcategory
of these confounding factors. The differential analysis of the SRS effect showed that
the SRS use had no significant effect on the pass rate within different subcategories of
gender, campus, and course type (Figure 4B,D and Figure 5B, respectively). As for the
scientific discipline, the SRS group in science colleges showed a significantly higher pass
rate compared to the control (non-SRS) group (Figure 4F).

=0.42
100 ~ T E 1

80

=1
(=]
1
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Figure 3. The overall effect of SRS use on pass rate (%).
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Figure 4. The overall and differential effect of confounding factors, including (A,B) gender,
(C,D) campus, and (E,F) scientific discipline on pass rate (%). In subfigures (A,B,D,F): a signifi-
cant p-value (<0.05) was marked with an asterisk (*). In subfigures (C,E): only significant p values
(<0.05) were annotated.

3.3. Student Scores

Although the SRS group showed higher student scores compared to the control (non-
SRS) group, the overall statistical analysis revealed that generally, SRS use showed no
significant effect on student scores (p = 0.06) (Figure 6). Regarding the other co-factors,
the overall analysis showed that gender, campus, scientific discipline, and course type
had significant effects on the student scores (Figure 7A,C,E, and Figure 8A, respectively).
In particular, the female students showed significantly higher scores compared to males
(Figure 7A). Male Campus #2 showed significantly lower scores compared to all other cam-
puses (Figure 7C). Interestingly, the representative health colleges showed the significantly
lowest score, while the representative humanities college showed the significantly highest
score (Figure 7E). The BIO-STAT course (one of the community colleges courses) showed
the lowest score, while AL-WS (the representative course of humanities colleges) showed
the highest score (Figure 8A). Due to the significant effects of these confounding factors, it
was important to investigate the differential effect of SRS at a smaller subset that represents



Systems 2023, 11, 384

11 0f 23

each subcategory of these confounding factors. Accordingly, the detailed analysis of the
SRS effect showed that the SRS use had no significant effect on scores across different
subcategories of gender (Figure 7B). Interestingly, SRS showed significantly higher scores
compared to the control (non-SRS) group in Male Campus #1 and Female Campus #2, while
it showed significantly lower scores in Female Campus #1 (Figure 7D). Interestingly, SRS
showed significantly higher scores compared to the control group, within the science col-
leges, while it showed no significant effect in all other scientific disciplines (Figure 7F). Most
importantly, the course type represented the smallest possible subset which can partially
eliminate the heterogeneity caused by different teaching styles, college/scientific discipline,
the structure of the courses, and methods of evaluation. This analysis revealed that a total
of four courses (three from the science and one from the community disciplines) showed a
significantly higher score for the SRS group. In contrast, a total of two courses (from the
community discipline) showed significantly higher scores for the control (non-SRS) group.
The remaining seven courses from multi-disciplines showed no significant effect of SRS
use on students’ scores (Figure 8B).
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Figure 5. The effect of course type and SRS use on pass rate. (A) denotes the overall and (B) the
differential effects. In (A): only significant p values (<0.05) were annotated.
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3.4. The Correlation between Average Section Score and the Number of SRS Sessions/Questions

To investigate SRS use deeply, it was important to study the correlation between the
average section score and the total SRS sessions, as well as the total questions that utilized
SRS in this section. The study results showed a non-significant (p > 0.05) weak to moderate
positive correlation between score and total SRS sessions or questions (Figure 9A,B) [35].
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3.5. Students’ Survey Results

The data distribution and general statistics of the survey parameters are presented
in Table 4 and Figure 10. The survey involved a wide range of study levels of bachelor
degrees ranging from levels 1-9 with a peak of participants at level 5 (Table 4). The survey
showed high levels of student satisfaction with SRS (average = 4.4/5, 83% were highly
satisfied /satisfied with SRS).

Interestingly, the survey revealed that the majority of the students (40% and 37%),
preferred the visual and read /write learning styles, respectively (Figure 10A). In addition,
46% of the students preferred direct interaction with the lecturer’s questions through verbal
discussion and oral conversations. An Equal proportion (46%) also preferred indirect
(digital-based) interaction with the lecturer’s questions through SRS or mobile applications.
Whereas, a minor proportion (9%) preferred the indirect(paper-based) quizzes to interact
with the lecturer’s questions (Figure 10B).

Table 4. The descriptive statistics of student survey results.

Overall SRS SRS COURSE

STUDY_LEVEL SATISFACTION (OSS) SCORE GPA
n 67 67 72 72
mean 4.76 4.36 452 4.26
std 2.14 1.18 0.58 0.57
min 1 1 2 2.8
25% 3 4 45 3.87
50% 5 5 4.75 4.35
75% 6.5 5 5 4.78
max 9 5 5 5
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Kinaesthetic
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Visual
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Indirect (digital-based)
Indirect (paper-based)

Indirect (paper-based)

6 (9%)

Direct

B 31 (46%)

31 (46%)

Indirect (digital-based)

Figure 10. The distribution of respondents based on (A) preferred learning style and (B) preferred
interaction method (n = 72).

Interestingly, the students scored an average of 4.52 (out of 5) in the courses that
utilized SRS, while their average GPA (in all the courses) was 4.26 (Table 4).

Students personal attributes such as preferred learning style, communication method,
and scientific discipline could potentially affect their perception of educational tools like
SRS. The analysis of overall SRS satisfaction (OSS) data revealed that the four learning styles
showed no significant difference in student OSS (Figure 11A). In contrast, students who
preferred direct interaction (through verbal discussions) showed significantly (p < 0.05)
lower OSS compared to their counterparts who preferred indirect (digital-based) interaction
(Figure 11B). Regarding the scientific disciplines, the students belonging to science colleges
showed significantly lower OSS compared to their counterparts in the community and
health colleges (Figure 11C). In addition, the Spearman correlation analysis revealed a
statistically significant (p < 0.0001) moderate negative correlation between OSS and study
level (Figure 11D) [35]. In other words, students at initial study levels appeared to perceive
SRS higher than their counterparts in higher study levels.
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Figure 11. The effect of (A) preferred learning style, (B) preferred interaction method, (C) scientific
discipline, and (D) study level on overall SRS satisfaction (n = 67).

Most importantly, the survey data revealed that students scored significantly higher
(p < 0.01) in courses that utilized SRS compared to their overall scores in all courses
(represented by GPA) (Figure 12). Due to the significant effects of other confounding
factors, it was important to investigate the SRS effect as a smaller subset based on each
subcategory of them. The differential analysis of scientific discipline revealed that the SRS
score enhancement was significant only in the community colleges, while other disciplines
showed no significant difference (Figure 13A). In addition, the students who preferred
visual learning showed significantly higher scores in SRS-courses while other learning
styles showed no significant differences (Figure 13B). Interestingly, students who preferred
direct and indirect (digital-based) communication scored significantly higher in SRS courses
compared to their GPA (Figure 13C).

p<0.01
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Figure 12. The overall effect of SRS use on student score enhancement against his GPA.
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Figure 13. The differential effects of SRS use on student score enhancement against his GPA based on
confounding factors, including (A) Scientific discipline, (B) preferred learning style, and (C) preferred
communication method. A significant p-value was marked by an asterisk (*).

4. Discussion

SRS, as many references mention, is useful in enhancing most tools of the educational
process, such as stimulating attendance [36], participation, interaction, attention, and
feedback [37-39]. The current study introduces an infrequent attempt to examine the effect
of SRS on student achievement within a diverse university-scale student population. In the
current study, the use of SRSs was investigated for its potential enhancement of student
achievements, including pass rate, failure, prohibition rates, and score. In addition, it also
evaluated the overall student satisfaction with SRS along with the potential accompanying
student attributes that might affect their satisfaction level.

The current study involved several potential confounding factors (such as gender,
campus, discipline, and course type) that showed significant effects on pass rate and/or
student scores, regardless of the effect of SRS. In particular, the course type showed a very
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strong effect on student scores where >40% of courses showed significant differences from
each other in student scores. This confounding factor may mask an actual association
or falsely demonstrate an apparent association between the studied factor and the study
outcome when no real association between them exists [40]. In addition, the courses were
unevenly distributed on SRS and control groups where AL-WS course raw data showed
that the sample size of the control group was >158-fold compared to its counterpart SRS
group. Accordingly, the raw data were randomly sampled (based on each course) to ensure
an even distribution of students on SRS and control groups in each course. Hence, the
statistical analysis of pass rate and student scores was carried out using the randomly
sampled data. In addition, the differential SRS effects were studied within each subcategory
of these confounding factors.

In this study, the results showed that there is no significant overall effect of SRS use on
the pass rate of students. This finding was also consistent across different subcategories of
gender, campus, and course type. As for the effect of students’ scores when using SRS in the
classroom: the overall analysis showed a relatively higher score for the SRS group; however,
the effect was non-significant. The differential analysis of the SRS effect across different
subcategories of other confounding factors was revealed to be uneven, either with no effect,
lower or higher scores, according to gender of students, campus, discipline, and course
type. In particular, the findings of the SRS effect based on discipline and individual courses
are the most useful to interpret as it involves comparison within the same course in which
similar study levels, discipline, course materials, and exam difficulty are expected. When
looking at each discipline separately, the results of science colleges showed a significantly
higher score for the SRS group compared to the control. Furthermore, the SRS group in
three courses (within the science discipline) showed significantly higher student scores
compared to their counterparts in control groups. Another course in the community
discipline showed a significantly higher score for the SRS group. In contrast, a total of
two courses (from the community discipline) showed significantly higher scores for the
control group. The remaining seven courses from multi-disciplines showed no significant
effect of SRS use on students’ scores. These findings reveal a positive effect of SRS use
on students’ scores. However, this effect was uneven across all the course types. This
finding might be owing to the inconsistent use of SRS by different faculty members during
the semester. The study showed that some educators used SRS as little as one session
only (5-7 questions) within the whole semester, while others used it more extensively, up
to 11 sessions (38 questions). In addition, the participating educators utilized SRS for a
variety of classroom activities, including attendance, in-class activities, pre- and post-class
quizzes. Most of the educators used it to enhance student engagement and evaluate their
understanding during the lectures, while others efficiently used them at the beginning of
the lecture to assess the students’ prior knowledge, for evaluating students’ performance at
the end of the lecture in addition to their regular use during the lecture.

Likewise, previous studies have reported mixed effects of SRS on course grades.
Following an educational activity, SRS showed immediate improvements in student recall,
but these improvements did not last [15]. A global meta-analysis study reported a positive
(but moderated) influence of SRS on exam grades [18]. On the other hand, Liu et al. 2019
reported [41] that the use of the SRS did not show a significant improvement in students'
learning achievement. In fact, the educational process, especially learning achievement,
is linked and affected by several educational factors and strategies. For example, the
development of peer groups and flipped learning activities could show significant impacts
on learning achievement.

By examining the relationship between the average section score and the total SRS
sessions, as well as the total questions that utilized SRS in this section, the results showed
that the two correlations were not significant and weak to moderate. That is, the effect
was normal, perhaps due to the very low number of SRS sessions in some courses and/or
the decrease in interest and enthusiasm of students to use SRS in the last sessions in the
semester, as suggested by Lantz (2010) [42]. Although the correlations between score and
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SRS sessions/questions were statistically insignificant, more intensive use of SRS within
each lecture along with more innovative activities could lead to more sustainable student
interaction and, hence, more achievement.

Although SRS demonstrated higher levels of overall student satisfaction (average—4.4/5.0),
it might not be the first choice for all the students as a tool for interaction within the lecture,
depending on different student preferences. In particular, highly interactive students
(who tend to be directly engaged with their lecturer and peers through oral conversations,
and group discussions) might feel that SRS restricts their ability to interact to the fullest.
Meanwhile, students who preferred indirect communication (texting, chatting) and/or
digitalization advocates perceived SRS better. These findings are strongly correlated with
what Li (2020) investigated on the association between the effectiveness of SRS and students’
communication preference [43]. In this article, Li reported that the use of SRS showed
the most significant positive influence on students who prefer to communicate via instant
messaging. In addition, the current study findings suggest that junior students might
perceive SRS better than their senior counterparts. This finding might be owing to the
development of teamwork, interaction, and leadership skills in senior students, which
could not be fully expressed by SRS use within the lecture. The students belonging to
science colleges showed significantly lower OSS compared to their counterparts in the
community and health colleges. The significant differences in OSS between different
scientific disciplines of the current study correlate with the previously reported findings that
declared different impacts on students depending on the type of specialization (college) [44].

Most importantly, the significantly higher students’ scores in SRS courses compared
to their overall GPA reflects a strong positive effect of SRS use by the student on his own
achievement in exams. However, this positive score enhancement was only significant
in the community disciplines, which correlates well with the significantly higher OSS
of community colleges compared to science counterparts. These findings again confirm
the impact of scientific discipline and specialization type on SRS effectiveness. Although
digital-based indirect communicators showed significantly higher OSS compared to their
direct counterparts, both groups scored significantly higher in SRS courses compared to
their overall GPA. However, further studies with a higher number of participants are
warranted to achieve a generalized conclusion.

The present study Investigated student scores within a sizable number of students
across diverse disciplines, courses, study levels, and other student attributes, such as
learning styles and communication preferences. However, the study experienced some
limitations which need to be discussed further. To efficiently evaluate the impact of any
educational approach, careful steps should be undertaken to ensure that teachers use it
almost identically, with the same effort and frequency, and for similar reasons. In the
current study, the magnitude and the way of SRS use were not consistent within most of
the investigated courses. However, it is worth mentioning that the current study showed a
weak to moderate positive correlation between score and SRS use frequency. In addition,
the study involved a diverse student population that was not distributed evenly among
different potential co-factors. This fact limits the ability to isolate the overall real effect of
SRS use on the learning process apart from such synergic/antagonistic co-factors. To solve
this limitation, the collected student scores were analyzed at the smallest possible subset,
namely course type, which can partially eliminate the heterogeneity caused by different
teaching styles, college and scientific discipline, the structure of the courses and methods
of evaluations. Similarly, the survey results (OSS, SRS course score, GPA) were analyzed as
the smaller subsets as learning styles and communication preferences.

The evaluation of SRS impact based on final course grades provided a reliable unbiased
tool for evaluating academic performance. However, this variable is influenced by several
other cofactors, such as student memorization, studying efforts, and the way of disturbing
marks across different evaluation tools. In some courses, 20-30% of the course grade
evaluates student performance in lab and/or his practical skills, which might not be
directly affected by SRS use in theoretical lectures. Future studies should combine assessing
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SRS impact on student achievements in pre-, post-lecture quizzes, short and final exams,
where the lectures that involved SRS use are the main scope of these exams.

To improve the study design, future studies should start with systematic preparation
of the whole experimental environment to be able to achieve a solid conclusion that the
positive/negative/neutral impact is mainly caused by the proposed educational tool. In
addition, the study design should be more controlled to achieve consistent use of SRS by
teachers in terms of frequency and scope of use. Finally, it could be valuable to explore
the SRS effect in some potential target groups as those who are at risk of academic failure,
as well as good achievers (high GPA). Future studies should also include multiple class
cohorts, and/or students from multiple universities. Along with the good distribution of
the study population across different subsets, this could lead to a more precise assessment
of the influence of SRS on educational outcomes, thereby enhancing the generalizability of
the research conclusions.

5. Conclusions

The current study provides an exceptional attempt to examine the effect of SRS on
student achievement within a diverse university-scale student population with various
accompanying factors like study levels, gender, campus, scientific discipline, and course
type. The overall score analysis showed a non-significant effect of SRS use on pass rate
and student scores. However, the other confounding factors showed significant effects on
pass rate and/or score. Hence, it was important to investigate the SRS effect as a smaller
subset based on each subcategory of these factors. In particular, the SRS group in science
colleges and three of their representative courses showed significantly higher student scores
compared to the control (non-SRS) groups.

Similarly, the survey findings proved a significant enhancement of students’ scores
(in courses that utilized SRS) compared to their overall GPA. However, this enhancement
was significant only in certain subcategories such as community colleges, as well as visual
learning advocates. In addition, SRS showed higher levels of overall student satisfaction
(average—4.4/5.0), which was also significantly influenced by scientific discipline, pre-
ferred interaction methods, and study levels. In summary, the differential score and survey
analysis within various study subcategories showed significant positive effects in certain
subcategories, particularly science, community colleges and four of their representative
courses. Overall, SRS provides a potential tool for enhanced student engagement, class
interaction, and exam achievements.
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Appendix A. Questionnaires to Evaluate Student’s Perceptions of SRS

First section: General information

Dear Student: Thank you for agreeing to participate in this electronic survey entitled:
Measuring the Impact of Students” Use of Student Response Systems (SRS).

The purpose of this questionnaire is to assess the effect of using some active learning
applications on students” academic achievement. It takes about 3 min to complete this
questionnaire.

We assure you that all your answers are used for the purposes of scientific research, which
does not include the publication of any private data on the identity of the participant.

If you agree to participate in this online survey, please click below to get started.

1-  Participant gender: (Please select one)

) Male
e Female

2- College:. ...
3- The academic level: (Please select one)
Level 1

Level 2

Level 3

Level 4

Level 5

Level 6

Level 7

Level 8

Level 9

Level 10

4- Did you use the personal response system during the first semester of the 2022
academic year? (Please select one)

o Yes
e  No: (Finish and Skip to send)

The second section: for students who used Student response systems (SRS).
5-  Mention the names of the courses in which you used (SRS) during the first semester 2022:
6- What is your most preferred learning style? (Please select one)

e  Visual Learning: (Pictures, Drawings and Charts)
Auditory learning: (listening to recorded lectures repeatedly)
kinesthetic learning: (by touching the stereoscopic shapes or conducting labora-
tory experiments yourself, if possible)

e  Learning through reading and writing: (by writing lectures and writing notes on
them and then reading them)

7-  What is your favorite means of interaction with the lecturer? (Inside the classroom)
(Please select one)

e Discussions and oral conversations to answer the questions of the lecturer.
e  Personal Response Devices (SRS) or mobile apps in order to collect student responses.
e Answer the paper-based quizzes before or after the lecture.

8- In general, are you satisfied with the use of personal response systems (SAR) in
lectures? (Please select one)

Highly unsatisfied
Unsatisfied
neutral

Satisfied

Highly satisfied
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9- What is your score in the courses in which (SRS) was used during the first semester
2022? Please be careful in answering, knowing that the questionnaire does not reveal
your identity. (For example: your score for each course is: A+, A, etc.).

10- What is your cumulative GPA until the end of the first semester 2022? Please be careful
in answering, knowing that the questionnaire does not reveal your identity. (Ex: 3.56).

Send
Thank you for your fruitful cooperation
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