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Abstract: The main objective of this study is to compare the effectiveness of face-to-face learning and
distance learning in helping fourth-grade primary students learn mathematical concepts. The data
were collected from 120 fourth-grade students selected purposively and divided into two groups:
a control group comprising 60 students, who used a face-to-face programme in their third grade, and
an experimental group comprising 60 students, who used a distance learning programme in their
third grade. A diagnostic test was used to measure their understanding of previous mathematical
concepts. The current research revealed two interesting results: First, there were no statistically
significant differences (p-value < 0.05) in rounding and ordering numbers, space concept, perimeter
concept, and graphs between the face-to-face mode and distance learning mode, where students’
results were almost similar. Second, there were statistically significant differences (p-value < 0.05) in
the concepts of expanding pictures of numbers (verbal, analytic, and standard), compare numbers,
basic arithmetic operations, units of measurement, geometric shapes, sides, and data visualisation in
favour of the group of students who were taught in a face-to-face learning mode.

Keywords: distance learning; face-to-face learning; mathematical concepts; COVID-19 pandemic;
primary students; Kingdom of Bahrain

1. Introduction

The prevalence of COVID-19 has meant that most countries, including the Kingdom of
Bahrain, have faced many challenges, particularly in the field of education, where systems
were forced to change by switching from face-to-face learning modes to distance learning
modes through online classes [1].

The government of the Kingdom of Bahrain was mindful of the different conditions
facing students. Therefore, instead of closing educational institutions completely, the
Ministry of Education offered students two choices: continue to learn in a face-to-face
learning mode or learn through a distance learning mode [2].

As with any sudden change, reluctance and fear to choose were seen, especially among
primary school students, because both modes have advantages and disadvantages and
present certain challenges. On the one hand, distance learning enables students to contact
their teachers and access their educational content easily [3,4]. Moreover, it helps students
to reduce effort and time by being able to follow lessons from anywhere and at any time.
On the other hand, face-to-face learning is often preferred as a more efficient approach,
especially at the primary stage, because students need a mentor and teacher who is always
focused on them and controls the outcomes that need to be reached.

Each learning mode has always generated intense debate over its effects between
opponents and supporters. Researchers and those interested in the educational field
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have therefore conducted investigations to determine the effectiveness of each mode. For
instance, a field experiment [5] compared the face-to-face learning mode with technology-
assisted learning to determine students’ satisfaction with, and the effectiveness of, each
learning mode. The results indicated that technology-assisted learning enhances students’
acquisition of the kind of knowledge that requires abstract conceptualisation and reflective
observation, but adversely affects students’ ability to acquire knowledge that requires
concrete experience. Moreover, the results suggested that technology-assisted learning is
better than face-to-face learning in terms of gaining vocabulary.

Another study [6] aimed to determine whether students undertaking distance learning
and face-to-face learning were equally accepting and satisfied with the quality of their
learning. The results indicated that both learning modes scored equally in terms of student
satisfaction and the learning outcomes; however, each mode raised different challenges
and required markedly different actions.

Finally, the authors of [7] sought to identify the success factors that differentiate face-to-
face learning from distance learning mode. They found no significant differences between
the two modes when success factors were determined. This suggests that students can
learn just as effectively in either of the two formats, whatever their style of learning.

The studies reviewed therefore differed in their results; some showed the advantages of
one learning mode over the other, while others found no difference between the two modes.
The inconclusive nature of these findings prompted us to investigate and fill this research
gap by learning more about the effectiveness of the two learning modes.

1.1. The Research Problem

We identified the problems as follows:
First, when the Minister of Education announced that distance learning would be used

even after the end of the pandemic, because it saves expenditure on financial and human
resources without affecting the services provided to students [8], educators, including the
authors of this study, wondered if there were differences in acquiring concepts between the
two modes (face-to-face learning and distance learning). We must not forget that [9] found
that 83% of teachers admitted that it was difficult to explain complex scientific concepts.

Second, the Kingdom of Bahrain considers mathematics to be one of the subjects that
deserves much attention in order to meet the needs of Bahraini society and the vision of
the Kingdom of Bahrain by 2030. It prepares citizens who are able to contribute to the
development of the Kingdom and the development of its economy by providing them with
mathematical skills and knowledge [10]. Therefore, we consider it to be essential to reveal
the effectiveness of learning modes in understanding mathematical concepts.

Third, although many case studies, experimental studies, guidelines, and comparative
studies have been published on distance learning and face-to-face learning, there is still
a need to investigate the effect of each mode in depth, especially in the Kingdom of Bahrain,
as well as to follow up recommendations made in previous studies, such as [11].

Fourth, the author of [12] asserted that it is unhelpful to determine only the differences
between face-to-face and online modes without mentioning the effectiveness of each.
Moreover, we note that previous research has been divided into two groups: one in favour
of distance learning and the other in favour of face-to-face learning, prompting us to further
investigate the effectiveness of the two learning modes.

Fifth, we conducted an exploratory study by interviewing 20 primary teachers about
the effects of distance learning and face-to-face learning during the pandemic. The results
indicated that 70% of teachers thought that there was a knowledge gap between each
learning mode. Furthermore, 60% of teachers thought that face-to-face learning was more
effective in helping primary students acquire mathematics concepts, while 40% of teachers
thought that distance learning was more effective. However, all teachers believed that it
was important to carry out research to determine the effectiveness of each learning mode.



Educ. Sci. 2023, 13, 133 3 of 23

1.2. The Research Objective

The main objective of this study was not to prove which learning mode is better, but
to compare the effectiveness of each in helping fourth-grade primary students acquire
mathematical concepts that were included in their third-grade mathematics textbook.

2. Theoretical Framework
2.1. Distance Learning Mode

The distance learning mode, involving all school grades, was introduced in the
1990s [13]. In this method of study, teachers were able to instruct students in classrooms,
without being physically present, using the internet [14].

Since then, researchers and theorists have been articulating distance learning theories.
For example, [15] argues that early distance learning modes were more dependent on
matters that border on teaching rather than learning. Progressively, the popularity and ease
of distance learning has been greatly enhanced through integrating technologies into the
educational process.

Recent theories have been more focused on changes that influence the learning of the
students and the roles of the teachers. The authors of [16] reviewed four such theories,
the first of which is set out in [17]. This theory focused on how to make students more
independent by using technology and aiming to release teachers and students from the
need to be in the same physical space for the educational process to be conveyed. In this
sense, students are free to choose their learning formats and combine media and other
methods for subjects to be taught in the best possible way. Employing media allows
students to adapt materials to their individual learning needs and allow truthful evaluation
of the students’ achievements.

The second reviewed theory [18] is similar to [17]. It examines the effect of techno-
logical changes on distance learning. This theory posits that technology will redefine the
roles of learners and teachers to make learning more autonomous and independent. The
teacher’s role will become more like a facilitator or guide which supports students.

The third reviewed theory of distance learning [19] expands on the theory of [18] in the
changing roles of teachers and students, emphasising that the change of roles will promote
and motivate interested students. They will interact more with content and have more
desire to access information.

Finally, the fourth theory reviewed in [16] is [20], which acts as a combination of
the ideas of [17–19]. This theory emphasises that for distance learning to be effective,
multimedia programmes, regular activities, feedback, and a carefully organised system of
teaching is necessary.

These theories depict how distance learning differs from face-to-face learning, par-
ticularly with the focus on student autonomy, technological impact, and the changes that
accrue in the roles of the teacher.

It is very important to note that these theories can aid mathematics teachers to concep-
tualise courses, especially when they are planning for educational objectives. Additionally,
if the goal of every educational programme and teacher is to ensure and encourage student
learning, interactivity with the content, and with each other as students, then distance
learning theories should also take into account that their capacity to assist mathematics
teachers in course design and developing interactive activities is also essential.

Additionally, it is important to note that most of the learning process is underpinned
by the principles of constructivism learning theory. It is significant that the theory of
constructivism is well suited to distance learning due to its delivery process emphasising
learner-centredness. Research has shown that constructivism learning theory focused on
knowledge construction is based on students’ previous experience, and can be drawn on to
understand how learning occurs among students [21,22].

Furthermore, according to [23], one of the critical concepts of constructivist learning is
that students can actively construct their own knowledge, where the student’s mind uses
information from the outside world to determine what the student will learn.
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2.1.1. Technologies Used in Distance Education Delivery

The types of technologies used in distance learning are divided into two: synchronous
and asynchronous. The former is a mode of online teaching and learning processes where
all participants are present at the same time, requiring a timetable to be organised, while
the latter is a mode of online teaching and learning processes where participants access
course materials according to their own schedule, and they are not together at the same
time. With regard to distance learning modes, the choice of delivery mode (synchronous or
asynchronous) is a very critical issue, especially when considering contexts.

According to [24], there are four factors that determine students’ preferences regarding
tutorial modes: “time management”, “ease of access” to learning materials, “positive
aspects of interaction”, and “negative aspects of interaction”. Moreover, they found that
those who prefer satellite-based synchronous tutorials have stronger views about the
positive aspects of interactions and score lower on the need for autonomy and access to
learning materials than those who prefer satellite-based asynchronous tutorials.

2.1.2. The Positive and Negative Aspects of Distance Learning

The positive and negative aspects of distance learning can be summarised as follows:
On the positive side, the distance learning mode provides flexibility in terms of access,

as students can contact their teachers and access their educational content easily [3,4].
Moreover, distance learning supports the constructivist theory of instructional design
in that students learn independently, which facilitates their construction of knowledge.
Furthermore, distance learning enhances oral and written communication among students
and their teachers [25].

On the negative side, it is difficult to apply tasks that require practical skills, as distance
learning is limited to the theoretical cognitive aspects. Furthermore, most teachers rely
on evaluating their students using closed-ended objective questions in quizzes and move
away from open questions [3,4]. Some teachers and students also suffer from a lack of
digital skills, which limits their performance during distance learning, and some face a
permanent problem of communication on the Internet, which creates unequal opportunities
for learning. In addition, problems may arise in providing electronic resources, such as
videos and interactive educational applications, as these are emerging resources in some
developing countries [26–28]. Finally, according to [29], a student’s level of maturity plays
an important role in their success when using distance learning, indicating that students
who lack maturity will perform poorly. Due to the general lack of maturity of the primary-
stage students compared to the other, older stages, primary students could be considered
dependent learners in distance learning, forming a major obstacle to this mode [30].

According to [31], the characteristics of successful distance learners are self-motivation,
emotional independence, and being capable of coping with learning problems on their
own in order to conquer the barrier of physical separation. If primary-stage students can
be self-directed, able to take control and responsibility of their learning, and manage their
learning time, then they should be successful in the distance learning mode.

2.2. Face-to-Face Learning Mode

The face-to-face learning mode is one of the oldest educational modes and has been
used since long before the advent of technology. Additionally, it is considered to be the key
remaining time-tested and long-venerated teaching method, and the most frequently used
method of instruction in education throughout the world ([32,33] p. 25, as cited in [34]).

Face-to-face learning is an effective approach because it can be predicted, managed,
and controlled easily by mathematics teachers. Face-to-face learning is a more traditional
style of learning in which knowledge is sent from the teacher to the students in a direct
way [35], where students are physically present in the classroom and the teacher uses a
chalk/white board, projector, etc. to discuss a topic. This learning mode is viewed as
teacher-centered because the teacher conveys and promotes learning [36]. This leads us
to wonder how students could benefit from the learning process in full. Students need to
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be provided with the necessary environment that makes them active in developing their
knowledge [37]. Ref. [38] strongly advocates for active learning as a crucial element of
the new force to what is currently referred as learner-centred teaching involving students’
performance and thought during tasks [39]. So, to make students active participants in face-
to-face learning mode, there is a need for teachers to involve students in the teaching and
learning process, so they can develop their own knowledge without the teacher’s interference.

The Positive and Negative Aspects of Face-to-Face Learning

The face-to-face learning mode also includes positive and negative aspects, which can
be summarised as follows:

On the positive side, face-to-face learning provides direct and synchronous commu-
nication and facilitates discussion and dialogue between the students and their teacher.
Moreover, it provides an equal learning opportunity for all students, as it does not re-
quire the use of digital tools and technology for communication, and provides printed
publications, educational content, and teaching aids that help students learn [40].

On the negative side, face-to-face learning may result in the learner adopting a passive
role. It may also neglect the activities that take place outside the classroom, which limits
creativity and innovation [40]. The face-to-face learning theory of ‘sage on the stage’
emphasises that the teacher is the centre of the learning process. This approach places the
sole duty of learning on the teacher, and the transfer of knowledge from the teacher to the
student. Thus, the teacher teaches as the students sit and take notes.

2.3. Similarities between Distance Learning and Face-to-Face Learning

With regard to the comparison of the efficacy of face-to-face and distance learning [41],
revealed that distance learning can be used to provide innovative educational opportunities
to fit the particular needs of students who have time management problems in their
learning strategies, with low anxiety and high problem-solving efficacy. The authors of [42]
evaluated the pedagogical characteristics of the two modes and revealed that students
rated online lessons as far superior to face to-face lessons in terms of convenience and in
permitting self-pacing, but they also rated online lessons as inferior in a number of other
ways. Online and face to-face instructional modes, therefore, have their own strengths
and weaknesses. However, distance learning and face-to-face are modes of education that
both require students and a teacher. Moreover, both utilise organised educational content
and arranged chapters, and both modes assess students through a class project and exams
during and at the end of each semester. In addition, face-to-face and distance learning both
depend on discussion, dialogue, and visual demonstrations [43].

3. Literature Review
3.1. First Axis: Research Comparing Distance Learning and Face-to-Face Learning

A study by [11] sought to identify ways in which both face-to-face learning and
distance learning could be enhanced from a pedagogical perspective. The research focused
on four dimensions of a training programme: ‘theoretical content’, ‘practical content’,
‘tutor/student interaction’, and ‘design’. The participants comprised 250 students divided
into two groups, one undertaking face-to-face learning (121) and one undertaking distance
learning (129). Both quantitative and qualitative methods were employed to analyse the
data. The results revealed no significant differences in the role of the teacher, but activities
in the face-to-face learning mode were rated as less satisfactory and effective than those
in the distance learning mode. However, the level of engagement between teachers and
face-to-face students was greater and more productive than engagement between teachers
and distance learning students. Additionally notable was the fact that the theoretical
design and structure of the face-to-face programme was less effective than that of the
e-training programme.

The authors of [44] compared the effectiveness of three courses delivered in a face-to-
face format and in an offline format. Effectiveness was assessed in relation to instructional
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features (learning content, course structure, lessons watched, communication, assignments,
completion rate, grades, satisfaction, and engagement). For most of the variables, there were
significant differences between online and face-to-face courses. For instance, face-to-face
students reported better learning content. In contrast, online courses reported enhanced
understanding of the course structure, more effective communication with course staff, and
higher satisfaction and engagement. Their grades were also higher. However, there were
no differences in completion rate.

The authors of [45] explored how academic performance in distance learning and
face-to-face learning utilised by Al Ain University in Al Ain, United Arab Emirates to
prevent COVID-19 was impacted by demographic characteristics. Data comprised grades
and grade point averages (GPA) of students collected from the Admission and Registration
Unit, Al Ain University in Al Ain, United Arab Emirates. The results indicated that students
exhibited superior academic performance in distance learning. For instance, there were
11% fewer weaker students in distance learning than in face-to-face learning. Demographic
characteristics significantly impacted the academic performance of students, predicting
7.4% of the variation in distance learning and face-to-face learning. The results are consistent
with Tinto’s (1975) model, which theorised the effect of students’ experiences, attributes,
and family backgrounds on academic performance. The researchers concluded that teachers
should continue to offer distance learning alongside face-to-face learning programmes.

The authors of [46] compared levels of student achievement in 2019 and 2020 in
a sample of matched primary schools in New South Wales as part of a study to assess
the extent of disruption caused by COVID-19. The sample comprised 4800 Year 3 and
4 students. The data consisted of the results of progressive achievement tests in mathematics
in both years. The results revealed no significant differences in levels of growth in student
achievement between 2019 and 2020. Year 3 students in mid-ICSEA schools (950–1050)
achieved an additional growth of 2 months in mathematics, while Year 3 students in the
least advantaged schools (ICSEA < 950) exhibited a reduction in growth of 2 months.
These findings provide a vital response to the general belief that the loss of learning for all
students has been substantial. Nevertheless, to avoid any increase in inequality, the lower
level of achievement in mathematics among Year 3 students in lower-ICSEA schools needs
to be urgently addressed.

Additionally, the authors of [9] conducted a study to assess the effect of the COVID-19
lockdown in Nigeria on education and make recommendations to enhance the develop-
ment of back-up strategies for remote teaching. The sample comprised 703 students and
60 teachers from five local universities who completed five-point Likert-scale questionnaires
on their experiences, issues, and educational successes during the pandemic. The results
indicated that a larger majority of participants (>50%) experienced problems with their
Internet connection. Both students (67%) and teachers (59%) reported restricted teacher–
student interactions, which negatively impacted satisfaction rates (p < 0.01). There was
some divergence regarding the most effective method of assessment among students, while
most teachers (63%) felt that assignments and oral examinations were more appropriate
for online teaching. Most teachers (66%) found it difficult to assess the abilities and perfor-
mance of their students. A sizeable number of students (>40%) expressed worries about the
number of assignments they had to undertake. With respect to virtual assessments, the vast
majority of teachers (84%) felt these increased the likelihood of misconduct in examinations.
Compared to face-to-face teaching, students achieved significantly (p < 0.05) higher marks
in all courses when these were assessed virtually. Finally, approximately 83% of teachers
confessed that they found it hard to explain sophisticated scientific concepts.

3.2. Second Axis: Research on Mathematical Concepts

In [47], the authors aimed to determine the effect of using Posner’s strategy in modify-
ing the misperceptions of mathematical concepts among fourth-grade students. The study
sample consisted of 84 female students from the fourth grade, who were categorized into
two groups: one experimental and the other control, each group consisting of 42 students.
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The study tools consisted of an analysis of math book and a diagnostic test. The researcher
applied the post-diagnostic test again to the experimental and control group students. The
results showed that there were statistically significant differences between the average
scores of the experimental group students and the average scores of the control group
students in the test for diagnosing wrong perceptions of mathematical concepts, favouring
the experimental group.

A descriptive study [48] sought to identify the components of mathematical knowledge
for teaching employed by prospective elementary teachers when planning, teaching, and
reflecting on a mathematics lesson incorporating children’s literature. Data were collected
through observations and the written work of preservice elementary teacher candidates
undertaking a course on methods of teaching mathematics. The analysis focused on
knowledge of content and students, knowledge of content and teaching, and knowledge
of content and curriculum. The results indicate that the ability of prospective teachers to
identify and pinpoint mathematical concepts in children’s literature needs to be enhanced.
The authors also highlighted the need to assist prospective teachers in performing a critical
analysis of mathematical concepts in children’s literature and curricular materials.

Finally, the authors of [49] aimed to analyse the move to distance learning and the
impact of this move on students’ academic performance, taking into account several aspects,
such as: synchronous/asynchronous delivery, the use of digital technologies, instruction,
and class size. Additionally, the study compared the academic results of students during
the COVID-19 pandemic with those of previous years. The sample consisted of students
enrolled in 43 Bachelor’s Degree courses. A quantitative method was used to collect data
through a questionnaire. The results of this study showed that there were no significant
differences between the different digital tools used in teaching the courses. Additionally,
on one hand, the choice of learning mode did not affect students’ academic performance,
but on the other hand, students achieved better results under distance learning, which
could be due to the knowledge, skills, and attitudes toward technology of higher education
teachers. Additionally, the findings from this study suggest that class size, the choice of
synchronous and asynchronous delivery, and the choice of virtual communication tools do
not have a significant effect on students’ academic performance.

3.3. Similarities and Differences between the Literature and This Research

First of all, in terms of participants, previous studies varied in how they selected their
participants, and included samples from primary education, kindergarten, and higher edu-
cation. For instance, refs [44,45] conducted research with university students, while [46,47]
carried out research with participants at the primary stage, as is the case in the current
study. Secondly, in terms of methodology, as in [44], the current study adopts a comparative
approach. This contrasts with [46], who employed an experimental methodology. Thirdly,
in terms of collecting data, the current study used a diagnostic test, in contrast to [46], who
used progressive achievement tests, and [45], who collected data (GPA) from the Admission
and Registration Unit. However, our data collection method is similar to [47], who applied
the post-diagnostic test again to the experimental and control group students. Finally,
the current study draws on previous studies in developing its theoretical framework and
reviewing methods for statistically analysing the data.

3.4. The Research Questions

This study investigated the following research questions:

1. What are the mathematical concepts included in the diagnostic test for fourth-grade students?
2. How effective is the face-to-face learning mode in enabling fourth grade students to

acquire mathematical concepts?
3. How effective is the distance learning mode in enabling fourth grade students to

acquire mathematical concepts?
4. What is the difference between the effectiveness of both modes?



Educ. Sci. 2023, 13, 133 8 of 23

4. Methodology

To achieve the research objective, we applied a quantitative method using a compara-
tive research design.

4.1. Participants

During the COVID-19 pandemic, the Ministry of Education in the Kingdom of Bahrain
gave parents the freedom to choose the learning mode that was most appropriate for their
children [2]. Therefore, the mode of learning was chosen based on the desire of the parents;
according to this, we selected the participants and included them in the study.

In regard to ethical considerations, [50] suggests that researchers should understand
that when they are conducting their research studies, they are entering their participants’
personal spaces. Therefore, this requires ethical concerns to be addressed during and
after the study. According to [51], the researcher has the responsibility of ensuring that
participants’ rights are taken into consideration. Based on this notion, we divided the most
important ethical issues into four categories. Firstly, we obtained approval from the school
administration to conduct the study, who assessed the ethical integrity of our research and
then gave us approval and permission to proceed with this study (see Appendix A).

In addition, we obtained approval from the parents of the fourth-grade students at
Primary Boys School, signed on their behalf by one of the parents who participated in the
council of fathers (see Appendix B). Secondly, we informed the participants as fully as
possible of the purpose of the research. Thirdly, we ensured that all participants signed the
informed consent form without coercion before the study began, and we gave the partici-
pants a copy of the consent document. Fourthly, we ensured that each participant’s identity
alongside their personal information was kept confidential; thus, during the translation
process, their names were not included. Finally, we made it clear to all participants that they
were volunteers in this project and could withdraw any answers that they had provided, or
withdraw their participation at any time without penalty.

The participants were purposively selected and consisted of 120 students from the
fourth grade of the primary stage at Primary Boys School, who were divided into two groups:

A group comprising 60 students who used a face-to-face programme in their third grade;
A group comprising 60 students who used a distance learning programme in their third grade.

4.2. Participant Selection and Distribution Procedures

To ensure a fair comparison, we made the participants equivalent and homogeneous
in terms of their characteristics. Thus, we verified the variables that could affect the validity
of the comparison as follows:

Academic level: both groups were selected and distributed equally according to their
academic level (GPA);
Social, cultural, and economic level: both groups belonged to a community characterised
by convergence at cultural, economic, and social levels;
Content and number of activities: both groups were taught the same content and had taken
the same activities in the previous semester;
Students’ age (maturity): all participants were aged 10 years;
Synchronicity in learning: distance learning students learned using the Teams program in
synchronous online classes, and face-to-face learning students learned through physically
attending the school;
The assessment: both modes were assessed through the same exams, tasks, and class projects.

4.3. Overview of Details of the Conditions under which Distance Learning Took Place

First, the classroom environment: The lessons were presented through the Teams
platform, using lessons that were synchronized with the students. This platform is char-
acterized by the possibility of direct communication between the teacher and the student



Educ. Sci. 2023, 13, 133 9 of 23

by opening the camera and microphone or using chat. The Teams platform also made it
possible for students to apply individual and group work during the lessons.

Second, teacher preparation:

1. The teacher presented lessons using PowerPoint on the Teams platform.
2. The teacher was trained to use the Teams platform and some of the electronic applica-

tions by the training department of the Ministry of Education.
3. The teacher used electronic activities and websites such as Wordwall and Live Worksheets.
4. The teacher used ClassDojo to encourage and motivate the students.
5. The teacher took into account the individual differences of the students and provided

differentiated activities for them.

4.4. Overview of Details of the Conditions under Which Face-to-Face Learning Took Place

First, the classroom environment: Lessons were provided inside the classroom, and
students were able to communicate directly with the teacher, taking into account social
distancing. The students’ activities were never permeated with group work, but were
carried out individually to prevent any physical contact between students.

Second, teacher preparation:

1. The teacher presented a PowerPoint lesson on the classroom screen.
2. The teacher used paper activities.
3. The teacher used an individual scoreboard to encourage and motivate the students.
4. The teacher took into account the individual differences of the students and provided

differentiated activities for them.

4.5. Variables

On one hand, the independent variable was the instructional learning mode. “Distance
learning” was assigned to all sample groups that received learning instructions using the
Teams program in synchronous online classes. Additionally, “Face-to-face learning” was
assigned to all sample groups that received instruction using only a traditional face-to-face
mode. On the other hand, the dependent variable was mathematical concepts, which was
measured using data collected from the diagnostic test.

4.6. Instruments

There were two instruments used to achieve the research objective:

4.6.1. Content Analysis

The content analysis tool is a table where all the mathematical concepts within the
selected book were identified and written into that table. The purpose of the analysis was
to determine the most prominent mathematical concepts in a third-grade mathematics
textbook so that these were included in the diagnostic test. The analysis sample was part 1
and part 2 of a third-grade mathematics book accredited by the Ministry of Education in
the Kingdom of Bahrain for public schools. We measured the validity and reliability of
the analysis by following scientific research procedures and reviewing previous theses
in the following way: first, we determined the validity of the instrument by presenting
the method of analysis and its results to five experienced mathematics teachers to elicit
their opinions and views on its shortcomings. Second, we determined the reliability of the
instrument using two reliability coefficients (agreement percentage): reliability over time
(consistency over time) and reliability across individuals.

First, reliability over time (consistency over time). We analysed the content of both
parts of the mathematics book at the beginning of September 2021. The analysis was then
conducted again at the beginning of October (about a month after the first analysis). Table 1
summarises the results of the analysis on both occasions:
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Table 1. Results of content analysis by researchers.

The Resulting
Mathematical Concepts

First Analysis Second Analysis Agreement Points Difference Points

50 44 44 6

The reliability coefficient was 0.94, which denotes the reliability of the analysis.

Second, reliability across individuals. We assigned three experienced mathematics
teachers, excluding those who previously determined the validity of the tool, to analyse
both parts of the third-grade mathematics book and determine the mathematical concepts
within it. Table 2 summarises the results.

Table 2. Results of content analysis by researchers and teachers.

Analyst Number of
Concepts

Agreement
Points

Difference
Points

Reliability
Coefficient

Researchers 44 Mathematical Concepts

Teacher 1 50 43 7 0.91

Teacher 2 47 42 5 0.92

Teacher 3 41 41 0 0.96
Reliability coefficient of the first analyser (Teacher 1) = 0.91. Reliability coefficient of the second analyser
(Teacher 2) = 0.92. Reliability coefficient of the third analyser (Teacher 3) = 0.96.

The results indicate the reliability of the analysis. Concepts with less than 50% agree-
ment were excluded, bringing the final number of concepts to 39. These concepts were then
categorised into five main sections to build the diagnostic test: place value, mathematical
calculations, measurements, geometry, and graphic representation.

4.6.2. Diagnostic Test

The diagnostic test consisted of 40 questions divided into five sections (place value,
mathematical calculations, measurement, geometry, and graphic representation); the ques-
tions varied in type, consisting of multiple-choice, matching, and short-answer formats. The
purpose of the diagnostic test was to collect data to measure the impact of each educational
mode on fourth-grade students and compare this with the other mode.

The diagnostic test considerations were: scientific and linguistic accuracy in questions,
comprehensiveness of the content, suitability regarding the level of students, providing
instructions for the test, and language, where the instrument was prepared using the Arabic
language so that the participants could understand the diagnostic test.

We measured the validity and reliability of the diagnostic test by following scientific
research procedures and reviewing previous theses as follows. First, we discussed the
diagnostic test with five academic mathematics faculty members from different universities
and five experienced mathematics teachers to determine the face validity and appropriate-
ness of the test content. Second, we applied the diagnostic test to an exploratory sample
of 30 students from the fourth grade to find the difficulty coefficient. These were chosen
from outside the study sample, but met the conditions for selecting the sample based
on completion of the mathematics textbook in the third grade, their age, and social and
cultural background.

According to [52], coefficients of difficulty denote the percentage of students who
answered the questions incorrectly. Therefore, we calculated the difficulty coefficient of the
test items by using the following equation:

Difficulty coefficient =
Wrong answers to the paragraph
correct answers + wrong answers

We found that the coefficients of difficulty ranged between 0.51–0.27, with an average
of 0.43. Therefore, all test items were acceptable, as they were within the reasonable limit of
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difficulty decided by specialists, including [52], who preferred coefficients of difficulty to
range between 20% to 80% and the test difficulty as a whole to be 50%.

Third, we calculated the discrimination coefficient. As per [52], the discrimination
coefficient denotes the ability of the test item to distinguish between students who are
excellent in the trait measured by the test and students who are weak. We found that the
discrimination coefficient ranged between 0.27–0.64, with an average of 0.54. The accepted
discrimination coefficient must be between 0.20–0.80; therefore, according to the diagnostic
test average, all items of the test were acceptable.

Fourth, we determined the reliability of the instrument through the split-half method,
where the test items were divided into halves (odd and even) and the correlation coefficient
between the two halves was equal to 0.925. The length was then adjusted using the
Spearman/Brown equation, following which the reliability coefficient was 0.961. This
indicated that the diagnostic test had good reliability and could be used in this study.

5. Results and Discussion

The study employed quantitative data analysis techniques to generate answers to the
following research questions.

5.1. What Are the Mathematical Concepts Included in the Diagnostic Test for
Fourth-Grade Students?

The researchers analysed the mathematics book (parts one and two) for the third
grade and identified 39 main mathematical concepts. The researchers only included the
main mathematical concepts in the diagnostic test for the fourth-grade participants, which
comprised the following five sections in Table 3:

Table 3. The main mathematical concepts for each of the five sections.

Section Main Mathematical Concepts

Place value

Concepts of expanding pictures of numbers
(verbal, analytic, standard)

Concepts of comparing between numbers, using < or > or =

The order of the numbers
(concept of descending)

Concepts of rounding
(to the nearest thousand)

Mathematical calculations

Arithmetic operations
(addition, subtraction, multiplication, division)

Verbal problems in arithmetic operations
(addition, subtraction, multiplication, division)

Measurement

Units of measurement
(length, volume, and capacity)

The concept of space

The concept of the perimeter

Geometry
Concepts of geometric shapes

Concepts of the sides of geometric shapes

Graphic representation
Graphs (X axis, Y axis, columns)

Data representation
(drawing, numerical, frequency)

In terms of the diagnostic test, we selected the main mathematical concepts in Table 3
to include in it. It is interesting to note that the mathematical concepts selected were
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completely in agreement with those in [47], where the most important mathematical
concepts for the fourth grade were identified.

5.2. How Effective Is the Face-to-Face Learning Mode in Enabling Fourth-Grade Students to
Acquire Mathematical Concepts?

The researchers used Statistical Package for the Social Sciences (SPSS) platform to
determine the average scores of face-to-face learning students in all sections:

Figure 1 indicates a normal distribution of the participant grades in the face-to-face
learning mode, although slightly to the left; however, by reference to the Descriptive
Statistics in Table 4, skewness was 0.925, which is less than 1, meaning that the sample had
a normal distribution. Additionally, Table 4 shows a grade mean of 41 out of 50 in students’
grades. Therefore, the result indicates that students who learned through the face-to-face
learning mode were successful in the diagnostic test.
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Table 4. Descriptive statistics for face-to-face learning students.

N Mean Std. Deviation Skewness

Statistic Statistic Std. Error Statistic Statistic Std. Error

Face-to-face learning
students grade 60

41.4167 0.65540 5.07667 −0.925 0.309
Valid N (listwise) 60

5.3. How Effective Is the Distance Learning Mode in Enabling Fourth-Grade Students to Acquire
Mathematical Concepts?

We used the Statistical Package for the Social Sciences (SPSS) platform to determine
the average scores of distance learning students in all sections.

Figure 2 indicates a normal distribution of the participants grades in the distance
learning mode. Additionally, Table 5 shows a grade mean of 33.5 out of 50 in students’
grades, showing that the students were successful in the diagnostic test but with a lesser
grade mean than the face-to-face learning mode.
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Table 5. Descriptive statistics for distance learning students.

N Mean Std. Deviation Skewness

Statistic Statistic Std. Error Statistic Statistic Std. Error

Distance learning students’ grade 60 33.5333 0.76301 5.91025 −0.422 0.309

Valid N (listwise) 60

The current study contradicts [45], in which 11% fewer weaker students were found in
the distance learning mode compared to the face-to-face learning mode, while we recorded
a high grade for both modes, but with a slight difference in favour of the face-to-face
learning mode.

This difference in the results could be due to the different ages of the samples, as in
the other study the learners were older and described as independent learners more than
primary school students.

5.4. What Is the Difference between the Effectiveness of Both Modes?

First: differences between groups in the concept of place values.

As shown in Table 6, when analysing the differences between the two research groups
in the concept of place values, statistically significant differences were identified in the
concepts of expanding pictures of numbers (verbal, analytic, standard) and comparing
numbers (p < 0.05), where the differences were in favour of the group of students taught
with the face-to-face mode. There were no statistically significant differences in the concepts
of descending order and rounding to the nearest thousand (p-value > 0.05), indicating
convergence of the two groups’ scores on these variables.
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Table 6. T-test of the differences between the two study groups (distance learning and face-to-face
learning) in the concept of place values.

Variables Groups N Mean Std.
Deviation T-Value p-Value * Sig.

Level
Hypothesis

Testing

expanding pictures
of numbers (verbal,
analytic, standard)

face-to-face
students 60 2.8000 1.10162

4.151 0.000 0.01 Reject
distance learning

students 60 1.9500 1.14129

Compare numbers

face-to-face
students 60 1.8167 0.43146

7.546 0.000 0.01 Reject
distance learning

students 60 0.9667 0.75838

Descending order

face-to-face
students 60 1.6000 0.52722

−0.349 0.728 No Sig. Support
distance learning

students 60 1.6333 0.51967

Rounding to the
nearest thousand

face-to-face
students 60 1.6167 0.52373

0.477 0.634 No Sig. Support
distance learning

students 60 1.5667 0.62073

* if p-value ≥ 0.01 = 0.01; if p-value from < 0.01 and ≥ 0.05 = 0.05; if p-value ≤ 0.05 = not sig.

This result contradicted with [11], in which it was found that the activities in the face-
to-face learning mode were rated as less effective than those in the distance learning mode.
However, according to [11], the level of engagement between teachers and face-to-face
students was greater and more productive than engagement between teachers and distance
learning students, which was in agreement with the current research, in which face-to-face
students with direct communication achieved good grade in the diagnostic test.

Second: Differences between groups in the concept of mathematical calculations.

As shown in Table 7, when analysing the differences between the two research groups
(distance education and face-to-face education) in the concept of mathematical calculations,
there were statistically significant differences in basic arithmetic operations and verbal
problems with arithmetic operations (p < 0.05) in favour of the students taught with the
face-to-face learning mode.

Table 7. T-test of the differences between the two study groups (distance learning and face-to-face
learning) in the concept of mathematical calculations.

Variables Groups N Mean Std.
Deviation T-Value p-Value * Sig.

Level
Hypothesis

Testing

Basic arithmetic
operations

face-to-face
students 60 4.9500 1.11119

8.296 0.000 0.01 Reject
distance learning

students 60 3.0500 1.38301

Verbal problems
with arithmetic

operations

face-to-face
student 60 3.4000 0.74105

5.543 0.000 0.01 Reject
distance learning

students 60 2.5500 0.92837

* if p-value ≥ 0.01 = 0.01; if p-value from < 0.01 and ≥ 0.05 = 0.05; if p-value ≤ 0.05 = not sig.

There was a sharp contrast between the two learning modes in the mathematical
calculations section, indicating that primary students need direct teaching in arithmetic
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operations (addition, subtraction, multiplication, and division) to understand them better.
Such variance could be due to the difficulty level of the concept, as [9] found that 83% of
teachers admitted that it was difficult to explain complex scientific concepts.

This result aligns with [46], which found that in schools that had shifted to online
classes and adopted a distance learning mode during COVID-19, the students were two
months behind in their learning in mathematics.

Third: Differences between groups in the concept of measurement.

As shown in Table 8, when analysing the differences between the two research groups
in the concept of measurement section, statistically significant differences were identified
in units of measurement for length, volume and capacity (p < 0.05) in favour of the students
who were taught with the face-to-face learning mode.

Table 8. T-test of the differences between the two study groups (distance learning and face-to-face
learning) in the concept of measurement.

Variables Groups N Mean Std.
Deviation T-Value p-Value * Sig.

Level
Hypothesis

Testing

Units of
measurement for
length, volume,

and capacity

face-to-face
students 60 3.3500 0.86013

3.446 0.001 0.01 Reject
distance learning

students 60 2.7333 1.08716

Space concept

face-to-face
students 60 2.2833 0.84556

1.292 0.199 No Sig. Support
distance learning

students 60 2.0833 0.84956

Perimeter concept

face-to-face
students 60 2.1500 0.95358

1.412 0.161 No Sig. Support
distance learning

students 60 1.9000 0.98635

* if p-value ≥ 0.01 = 0.01; if p-value from <0.01 and ≥0.05 = 0.05; if p-value ≤ 0.05 = not sig.

There were no statistically significant differences for space and perimeter (p > 0.05),
indicating the convergence of the two groups’ scores on these variables.

Fourth: Differences between groups in the concept of geometry.

As shown in Table 9, when analysing the differences between the two research groups
(distance education and face-to-face education) in the concept of geometry section, there
were statistically significant differences in the names of geometric shapes and concepts of
the sides of geometric shapes (p < 0.05) in favour of students taught with the face-to-face
learning mode.

This result contrasts with that of [44], who found that students taking online courses
reported better understanding of the course structure, and their final grades were higher
than those students undertaking face-to-face learning. This could be because the partic-
ipants in [44] were higher education students, who are characterised by the ability to be
self-learners, in contrast to the primary-stage students in this study, who are characterised
by a lower level of maturity, which, according to [29], can impede the success of students
on an online programme.

Fifth: Differences between groups in the concept of graphic representation.

As shown in Table 10, when analysing the differences between the two research groups
(distance education and face-to-face education) in the concept of graphic representation
section, there were statistically significant differences in data visualisation (p < 0.05) in
favour of the group of students taught with the face-to-face learning mode.
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Table 9. T-test of the differences between the two study groups (distance learning and face-to-face
learning) in the concept of geometry.

Variables Groups N Mean Std.
Deviation T-Value p-Value* Sig.

Level
Hypothesis

Testing

Names of
geometric shapes

face-to-face
students 60 3.7333 0.57833

5.604 0.000 0.01 Reject
distance learning

students 60 2.8167 1.12734

Concepts of the
sides of geometric

shapes

face-to-face
students 60 4.9333 1.03934

2.419 0.017 0.05 Reject
distance learning

students 60 4.4000 1.35547

* if p-value ≥ 0.01 = 0.01; if p-value from <0.01 and ≥0.05 = 0.05; if p-value ≤ 0.05 = not sig.

Table 10. T-test of the differences between the two study groups (distance learning and face-to-face
learning) in the concept of graphic representation.

Variables Groups N Mean Std.
Deviation T-Value p-Value * Sig.

Level
Hypothesis

Testing

The graph

face-to-face
students 60 5.1500 1.05485

1.944 0.054 No Sig. Support
distance learning

students 60 4.7167 1.36657

Data Visualisation

face-to-face
students 60 3.6333 0.58125

3.519 0.001 0.05 Reject
distance learning

students 60 3.1667 0.84706

* if p-value ≥ 0.01 = 0.01; if p-value from <0.01 and ≥0.05 = 0.05; if p-value ≤ 0.05 = not sig.

There were no statistically significant differences with respect to the graph (p > 0.05),
indicating convergence of the two groups’ scores on this variable.

The general result of this study is consistent with [49], where the results show that the
effect of the chosen learning mode is uneven, and students generally achieved a better level
using a distance learning mode than a face-to-face learning mode.

6. Conclusions

With the spread of COVID-19, the Bahrain government ensured that it considered
the conditions of all students and did not shut down educational institutions completely.
Instead, it offered students two learning mode options: continuing their learning in a
face-to-face mode or changing to a distance learning mode (online). As educators, we pay
attention to the type of learning mode, because it determines how the educational process
proceeds and the extent to which students acquire the required competencies.

The current research compared the effectiveness of each mode in helping fourth-grade
primary students acquire mathematical concepts in five sections (place value, mathematical
calculations, measurement, geometry, graphic representation).

The results offer interesting implications for learning modes, indicating a variance
between the average scores in all sections (place values, mathematical calculations, graph-
ing, measurement, and geometry) for fourth-grade students who studied through either
distance learning or face-to-face learning, leading us to conclude that the learning mode
affects the acquisition of mathematical concepts, with each section detailed as follows:

First, the contrast between the two learning modes was almost non-existent (similar)
for the following concepts: descending order and rounding to the nearest thousand from
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the place value section; space and perimeter from the measurement section; and graphs
from the graphic representation section.

Second, in the ‘place values’ section, for the concepts of expanding pictures of numbers
(verbal, analytic, standard) and comparing numbers, the differences were in favour of the
group of students taught in a face-to-face mode, while there were no statistically significant
differences for the concepts of descending order and rounding to the nearest thousand.

Third, in the ‘mathematical calculations’ section, there was a sharp contrast between
the two learning modes in this section in favour of face-to-face learning.

Fourth, when it came to ‘measurement’, there were statistically significant differences
identified in the concept of units of measurement for length, volume, and capacity in favour
of the students who were taught in a face-to-face learning mode, while there were no
statistically significant differences for space and perimeter.

Fifth, in the ‘geometry’ section, there were statistically significant differences in the
concepts of names of geometrical shapes and sides in favour of students taught in the
face-to-face learning mode.

Finally, in the ‘graphic representation’ section, statistically significant differences in
data visualization were noticed in favour of the group of students taught in the face-to-face
learning mode. Additionally, there were no statistically significant differences with the
‘graph concept’ between the two groups. It is important to mention that the scores for
all of these mathematical concepts were almost similar in both the distance learning and
face-to-face modes, which leads us to wonder why this should be the case.

7. The Significance of the Research

This research is significant for the following reasons. First, it can enrich educational
libraries with a contemporary topic on the effect of distance learning during COVID-19.
Second, it can provide useful insights regarding the effects of distance learning and face-to-
face learning in enabling primary students to acquire mathematics concepts. Third, it can
be used to instruct educational institutions and decision makers on the effects of distance
learning and face-to-face learning on the acquisition of mathematics concepts by primary
students. Finally, we have provided useful recommendations that will benefit researchers
conducting research on this topic.

8. Limitations

Although this study was carefully prepared, it still faced a number of limitations,
which did not have a negative effect on the findings. These can be summarised as follows:
The results are specific to one school and to the elementary stage only. However, we believe
that this city was a good place to conduct this study due to its large population, which is
drawn from different parts of the Kingdom of Bahrain. In regard to the elementary stage,
the groundwork for future learning and future skills is laid by primary education because
the skills and values that are instilled there are absolutely foundational. Primary education
serves as the base which students build upon during further schooling, and hence the
choice of elementary school is important. Moreover, this study omitted students’ views,
readiness, and acceptance of the study in both modes (distance learning and face-to-face
learning). Furthermore, the study did not consider the details of preparing teachers for
distance learning in the use of technology and devices.

9. Suggestions

In light of our findings, we recommend the following: Firstly, future studies could
be extended to other areas of the education field. Secondly, this study could be replicated
and extended to include middle and high schools. Thirdly, researchers could investigate
the reasons for the difference in academic progress for each learning mode. Fourthly,
researchers could investigate the reasons for the success of each learning mode in acquiring
mathematical concepts. Finally, researchers could compare learning modes in mathematical
skills or mathematical power in addition to mathematical concepts.
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