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Abstract

Background/purpose. The purpose of this study was to elicit faculty
members’ perspectives on effective instructional methods for
teaching calculus in the UK and Saudi Universities.

Materials/methods. An online questionnaire was administered to 150
UK faculty members and 156 Saudi faculty members specialising in
curricula and methods of teaching mathematics and other related
areas, such as pure mathematics.

Results. The results revealed that the instructional strategies viewed
as most helpful in enabling students to develop a solid understanding
of calculus in UK and Saudi Universities were the Flipped Classroom
Strategy (FCS) and the GeoGebra program. In addition, a few
participants mentioned other tools such as graphing calculators,
Desmos, GeoGebra, MATLAB, Maple, WolframAlpha, and
Mathematica (a computerised algebra system), along with strategies
such as inquiry-based learning, project-based learning, team-based
learning, and the Modified Moore method. Regarding the challenges
and difficulties encountered when teaching calculus, faculty members
stated that students move to university with incorrect beliefs about
the best method for teaching the concept of the derivative and the
concepts of limit and continuity. For instance, they considered
teachers and textbooks to be the sole sources of knowledge. Finally, a
common theme that emerged from the results was that all lessons are
usually straightforward for students when working with calculus, with
the exception of the concept of the derivative and the concept of limit
and continuity.

Conclusion. This study concludes
recommendations for future practice.

by presenting important
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1. Introduction

The global mathematics education community has recently expressed growing concern about
the challenges that arise concerning the teaching and learning of calculus (Heim et al., 2015; Lang,
1999; Mkhatshwa, 2018, 2023a; Rasmussen et al., 2014). In part, this is because the concepts used
in calculus are ‘inherently difficult’ (Tall, 1992, p. 14). El-khateeb (2015) highlighted the fact that
students often performed poorly in calculus because they lacked the perceptual structure to
understand the fundamental concepts required to learn new mathematical topics, concepts such as
limit and continuity, and the concept of the derivative. Braun et al. (2017) and Hauk (2022) therefore
called for teachers, universities, and colleges to identify better ways to teach mathematics in order
to train the mathematicians of tomorrow.

Calculus has the power to elucidate central problems in mathematics, physical sciences,
biological sciences, and engineering; hence, its concepts represent one of the most significant
accomplishments of the human mind. Developed in the seventeenth century, calculus denoted a
fundamental shift in numerous fields, not just mathematics. Unfortunately, calculus often serves as
a filter which prevents a substantial number of students from pursuing a STEM (science, technology,
engineering or mathematics) related career following their graduation from secondary school (Ellis
et al.,, 2014; Dagley et al., 2018). Students’ ongoing interest in STEM careers and their success in
learning calculus will therefore be enhanced by providing them with an improved learning experience
(Ellis et al., 2014). Thus, to create a resource that calculus instructors can use to guide them on how
best to teach calculus, a questionnaire was administered to experienced mathematics professors to
elicit their opinions, grounded in their teaching experiences, on what they think are efficacious
practices with respect to teaching calculus. The main aim of this study is to elicit faculty members’
perspectives on effective instructional methods for teaching calculus in the UK and Saudi Universities.
The research questions addressed in this study were as follows:

1. What instructional strategies do calculus faculty members in the UK and Saudi Universities
consider to be effective in enabling students to develop a solid understanding of calculus?

2. What aspects do they believe are easy or difficult for students when learning calculus?
3. What challenges and difficulties do they encounter when teaching calculus?

2. Literature Review
2.1. Traditional Calculus Classes

Bressoud et al. (2016) reported that in the traditional teaching and learning of calculus, students
are given rules by teachers that they then utilise to solve routine problems without fully
comprehending what they are aiming to achieve. A preliminary study on calculus classes in the
Department of Mathematics, Tarbiyah Faculty of IAIN, Imam Bonjol Padang, indicated that the
conventional strategy for teaching and learning calculus continues to predominate (Sepriyanti et al.,
2017). However, in adopting this approach, students seldom question why a particular rule works
and where it originates from. Skemp (1976) asserted that this strategy results in instrumental
understanding, in that the rules are applied without any understanding as to why. This does not
promote creative thinking and, moreover, prevents students from understanding calculus at a
conceptual level.

Studies have reported that because calculus involves abstract and complex concepts, teaching
and learning the subject can be extremely difficult (Gordon, 2004; Zachariades et al., 2007; Artigue
et al., 2007). This is exacerbated by the fact that traditional calculus classes tend to focus on teaching
computational procedures rather than ensuring students understand the concepts involved (Gordon,
2004). Numerous studies have found that the problems students face in understanding calculus are
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underpinned by a poor comprehension of functions (Dubinsky & Schwingendorf, 1991; Tall & Vinner,
1981; Williams, 1991) and an inability to employ these to reason about and represent relationships
(Carlson et al., 2002; Monk & Nemirovksy, 1994; Thompson, 1994).

Consequently, the instructional strategies employed in calculus have simply become a list of
procedures that need to be followed, resulting in students simply applying the standard routines they
perform in algebraic manipulations. As a result, less proficient students quickly become exasperated
when trying to perform such manipulations in calculus (Tucker & Leitzel, 1995). Their expectation for
common problems in calculus is that a lengthy algebraic solution will be available (Gordon, 2004).
Furthermore, their understanding of the fundamental concepts that underpin calculus is weak
(Zachariades et al., 2007). To address this, Gordon (2004) and Axtell (2006) recommended improving
the calculus curriculum by balancing a conceptual understanding of calculus with the use of graphical,
numerical, algebraic, and verbal representations. This is essential as visualisation and visual thinking
will play a crucial role in enhancing strategies for teaching calculus. Hughes-Hallett (1991) also
asserted that an understanding of calculus concepts will be enhanced by ensuring the correct balance
is achieved between graphical, numerical, and analytical methods. Accordingly, Gordon (2004)
proposed that to facilitate their learning of calculus, students should select appropriate tools such as
graphing calculators and adopt a balanced approach to solving problems.

2.2. Students’ Beliefs About Mathematics Teaching

Based on observations and conversations in which he participated throughout his lengthy career
as a mathematics teacher, Garofalo (1989) identified a number of beliefs that are commonly held by
secondary school mathematics students. First, formulas are more important than their derivations.
Second, the only sources of authoritative knowledge are teachers and textbooks, and the majority of
mathematical problems can be solved through direct application of the formulas, facts, theorems,
rules, and procedures they provide. Third, only teachers/textbooks can impart knowledge, hence the
beliefs on which they are predicated directly impact the ways in which students engage with
mathematics, the approaches they adopt to solve mathematical problems, and their expectations as
to what a mathematics classroom should be like (Bookman, 1993; Schoenfeld, 1995).

Smith and Moore (1990, 1991) asserted that school teachers should spend more time motivating
students to take part in group tasks/activities and less time delivering lectures (see also Bookman &
Blake, 2007). The majority of recent research studies aimed at exploring how to reform mathematics
education to increase teaching efficiency focus either on calculus learning at the school and university
level, or mathematics pedagogy at the elementary or secondary level (NCTM, 1989, 1991; Tucker,
1990). Consequently, those engaged in teaching mathematics now acknowledge the enormous value
of calculus and hence are becoming more engaged in the process of reform (Young, 1987).

For instance, learners may understand the concepts underpinning certain functions in a manner
that serves them well in particular scenarios, but this level of comprehension does not generally
support the development of robust inferences of derivatives and illustrations related to this (Tall,
1992; Monk & Nemirovsky, 1994; Ferrini-Mundy & Graham, 1994; Williams, 1991; White &
Mitchelmore, 1996). A study by Kuh et al. (2011) revealed that engaging students in thought-
provoking and intellectually stimulating creative work is essential to advance their learning and
promote collegiate excellence.

Praslon (1999) explored the excogitation of derivatives in a case study on the discontinuities
present in the transition from school to university. The findings illuminate the efforts made by
students to adapt mathematically robust learning aids to scenarios that are complex and puzzling.
However, students’ limited realm of experience means that such efforts often result in
oversimplification.
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2.3. Teaching the Concept of the Derivative

The concept of the derivative not only lies at the heart of undergraduate-level differential
calculus but also has multiple applications in several other domains of study, such as mathematics,
economics, physics, and engineering (Berry & Nyman, 2003; Jones, 2017; Mkhatshwa, 2018, 2023a;
Siyepu, 2013). Given its importance in these fields, numerous studies have examined the problems
students encounter in applying the concept of the derivative to solve problems based on calculus.
For instance, a number of researchers have investigated students’ lack of expertise in using calculus
rules to calculate derivatives (Clark et al., 1997; Engelke, 2004; Mkhatshwa, 2020; Piccolo & Code,
2013). Other researchers have reported that students find it difficult to construct and/or interpret
graphs of derivatives (Habre & Abboud, 2006; Garcia-Garcia & Dolores-Flores, 2021; Haciomeroglu
et al., 2010; Ubuz, 2007). Finally, Ibrahim and Rebello (2012) reported that although students are
frequently able to understand and employ derivatives in relation to kinematics, they find it more
difficult to do so in contexts unrelated to kinematics, such as in economics.

Faced with these extensive problems, it is useful to speculate about the degree to which
potentially useful pedagogical approaches in mathematics education have been used to teach
calculus topics such as the derivative. These include methods and approaches such as the flipped
classroom, inquiry-based learning, project-based learning, team-based learning, and the Modified
Moore method (Aryal, 2022; Cronhjort et al., 2018; McLoughlin, 2009; Mkhatshwa, 2021; Peter et
al., 2020; Viirman & Pettersson, 2022; Wu & Li, 2017). McLoughlin (2009) identified several reasons
why an inquiry-based approach is challenging to adopt when teaching calculus and suggested using
the Modified Moore method as a viable alternative. We contend that, apart from the flipped
classroom, the teaching approaches listed above have been insufficiently explored with respect to
the teaching of calculus. In fact, research evidence indicates that the traditional lecture method
continues to be the go-to method when teaching mathematics, even for undergraduate-level calculus
(Ashraf, 2020; Code et al., 2014; Speer et al., 2010).

Findings derived from another strand of research suggest that to help students develop a strong
comprehension of different calculus concepts, including the derivative, various educational
technologies should be integrated into the teaching of calculus, including graphing calculators,
Desmos, GeoGebra MATLAB, Maple, and WolframAlpha (Leng, 2011; Wu & Li, 2017; Zbarsky et al.,
2021). To address the paucity of research directly examining effective pedagogical approaches for
teaching calculus, the current study elicited the views of veteran calculus teachers. Related to this, a
recent study by Mkhatshwa (2023b) explored the views of experts concerning effective approaches
to teaching rate problems in calculus. The findings revealed that, when addressing this type of
problem, students’ reasoning regarding rate quantities that can be represented by derivatives could
be assisted by the use of diagrams during classroom instruction.

2.4. Using the Flipped Classroom Strategy to Help Students Acquire the Concept of
the Derivative

An approach that has become increasingly common in recent years is interactive teaching,
whereby students actively engage in discussions, solving problems, and other tasks. An interactive-
teaching model that has been successfully introduced in university mathematics is the flipped
classroom (Jungic et al., 2015; Maciejewski, 2015; Murphy et al., 2015). The rationale underpinning
this approach is that the imparting of information and instruction regarding content occurs outside
of class time, leaving the latter free for interactions and conceptual development. This could include
activities such as peer—to—peer discussions, problem solving, and the application of conceptual
knowledge (Delozier & Rhodes, 2016).

Numerous studies have assessed the effect of the Flipped Classroom Strategy (FCS). For instance,
Renfro (2014) found that the FCS positively impacted students' achievement and their mathematical
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reasoning in calculus. More broadly, it was a comprehensive pedagogical strategy that enabled
students to become lifelong learners. By contrast, Ramaglia (2015) reported that study group
averages in achievement did not differ as a result of using the FCS, and neither did students'
perceptions of their mathematical abilities improve, which would have motivated them to pursue
mathematics courses in the future. With regard to university students, levels of achievement were
positively impacted as they preferred to watch educational videos rather than read texts when the
FCS was applied (Sahin et al., 2015).

The aims of the FCS extend beyond covering the scientific content required to help students
achieve good results in mathematics, particularly on courses involving calculus, which students find
especially difficult. Tall (2008) asserted that students new to calculus must transform their thinking
into a formal structure comprising intuitive thinking and mathematical proof. However, Dane et al.
(2016) pointed out that because students typically learn by mastering the procedural knowledge
associated with calculus concepts, and hence use algorithms without linking them to their conceptual
knowledge, they find it difficult to conceptualise the hierarchical structure of these concepts. Zengin
(2017) thus suggested that mathematics students’ conceptual understanding would be enhanced by
using the FCS. This is because the FCS will enable them to acquire calculus concepts more easily and
form clear mental images of them, enhancing their understanding and increasing their capacity.

Although a substantial proportion of learning in the classroom is devoted to acquiring concepts,
for such understanding to be meaningful, students must actively engage with the material. This is
important as failure to master the fundamental concepts will create numerous problems for students
learning new topics at advanced levels (Abbas & Al-Absi, 2007, Muzangwa & Chifamba, 2012; El-
khateeb, 2015). Gordon and Gordon (2006) emphasised the importance of using authentic contextual
examples and problems throughout the process of teaching and learning calculus, and of compelling
the students to think rather than simply manipulate symbols. Dane et al. (2016) stipulated that
students should be provided with tasks by their teachers that will enable them to link their conceptual
and procedural knowledge, and thus acquire the calculus concepts they have learnt.

The mechanism through which conceptualisation in calculus occurs is encapsulated in Tall's
theory of the Three Worlds of Mathematics (TWM) (Tall, 2008). This mechanism consists of three
stages. The first stage is conceptual-embodied, where mental conceptions are built according to the
characteristics things possess. Contemporary technology has a significant role to play in this stage, as
constructing a clear and accurate representation of the concept facilitates the creation of drawings
that align with the characteristics of the functions used in calculus, offering the potential for
implementing changes that depict examples of the concept of the derivative. From the very
beginning, a structural image is used as a tool to function with the assistance of computer programs.
The second stage is proceptual-symbolic. In its symbolic form, the concept is employed through the
application of ‘process’ and the thinking of ‘conceptual’. It connects to the previous stage, where the
association between the symbolic and graphical assists in forming a clear understanding of calculus
concepts. Thus, symbols of derivation are used to deal with the image of the concept and elucidate
its characteristics. The third stage is formal-axiomatic. Here, the sequence in which meaningful
concepts are constructed formally is predicated on the use of proven definitions of abstract theory
and the definitions of known objects. To define the formal concept of the derivative in this stage, the
limit is used as a priori knowledge (Tall, 2008).

The FCSis used in all stages of the TWM to facilitate its practical application (Bram, 2013; Strayer
etal., 2016). First, the mental conception is built outside of the classroom and is effectively supported
by the use of technology, a process which does not require a high degree of technical aptitude (Bram,
2013). Strayer et al. (2016) stressed the importance of assignments in this stage. Collectively, the
different stages stimulate students to consider the characteristics of different concepts and to search
and investigate the image of the concept. In the second stage, students engage in tasks that involve
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building relationships between the symbols and the wording of the term or the rules, and then
describe the dynamics of the concept. This enables them to understand the different ways in which
the concept can be expressed (Tall, 2008). The application of these tasks is based on Higher Order
Thinking Skills (HOTS), enabling students to follow the assumptions in the task to acquire known
results from the concept as the classification between validity of the outcome or error in relation to
the facts given, and to concentrate on understanding and making sense of mathematical definitions.
Such tasks will also enable students to construct new knowledge, which they can then implement in
the future (Maharaj & Wagh, 2016; Strayer et al., 2016). The third stage focuses on the relationship
between assignments and tasks, allowing students to formally construct meaningful concepts
according to definitions of known objects and to depict the conceptual structure (Tall, 2008).
Comprehension tests are used to assess the degree to which students have acquired the calculus
concepts. This involves the teacher asking step-by-step questions in order to identify the conceptual
errors students are making whilst simultaneously making sure that the concept has been correctly
defined (Akgin et al., 2010). In addition, tests focusing on procedural knowledge will demonstrate
whether students simply memorise concepts without thinking about or understanding them (Dane
et al., 2016; Tall, 2008).

Our study found that among first-year university students, the degree to which they acquired
the derivative concepts of a calculus course was somewhat imbalanced (Denbel, 2015; Vincent,
2016). A similar imbalance was identified in the capacity to employ learnt thinking skills (Al-Bajalani,
2019; Alzahrani, 2016). Moreover, despite the growing number of studies confirming that use of the
FCS has had a substantial impact on students' learning, the researchers' experience of teaching
indicates that university-level teaching of calculus continues to be heavily reliant on traditional
lectures (Buch & Warren, 2017; Hart et al., 2017). The researchers believe it is essential to modernise
university teaching strategies so that they align with existing developments by incorporating
technology into the educational curriculum. Accordingly, they utilised the FCS whilst teaching the
calculus course, which was based on applying critical thinking skills (CTS). They assessed the degree
to which this novel compound strategy was effective in teaching undergraduate students.

2.5. The Role of Technology in the Teaching of Derivatives

Although the current study primarily focuses on faculty members’ views on effective pedagogical
methods for teaching calculus, it is essential to review extant literature on the specific role played by
technology in this process. Indeed, one of the questionnaire items in the current study asked faculty
members about the technologies they use and how they use them in teaching calculus. Most of their
responses concentrated on using technology to teach students about the concept of the derivative.
Hence, this issue is important to consider. Notably, numerous studies have yielded positive findings
with respect to integrating technology into the teaching of derivatives (e.g. Berry & Nyman, 2003;
Borji et al., 2018; Haciomeroglu & Andreasen, 2013; Hiyam et al., 2019; lllanes et al., 2022; Rosly et
al., 2020; Sari et al., 2018; Tall et al., 2008). For instance, in a study examining the way students
thought about the geometric relationship between a function and its derivatives, Berry and Nyman
(2003) reported that students’ understanding was productively supported by the use of two
educational technologies: a TI-83plus graphing calculator and a calculator-based ranger. This finding
aligns with that of Hiyam et al. (2019), who enhanced students’ ability to form connections between
graphs of functions and graphs of their derivatives using Mathematica, a computerised algebra
system.

In another study, Sari et al. (2018) presented the results of a teaching experiment in which
GeoGebra, a dynamic mathematics software, was used to increase the ability of students to visualise
the concept of the derivative. The researchers concluded that using GeoGebra in this way can
potentially enhance students’ understanding of the derivative in several function representations.
Haciomeroglu and Andreasen (2013) also used GeoGebra to increase students’ understanding of the
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concept of the derivative and reported similar results. To increase students’ calculational knowledge
of derivatives in differential calculus, Rosly et al. (2020) reported on the use of Wolfram Alpha, a web-
based computational knowledge engine. Finally, Borji et al. (2018) found Maple to be an efficacious
tool for enabling students to visualise the concept of the derivative.

Even though advocates have provided an inordinate amount of support for the use of technology
in mathematics teaching at all levels, research evidence indicates that the integration of technology
into mathematics education has, to date, been rather limited (Agyei et al., 2022; Kamau, 2014;
Marshall, 2012). Indeed, critics’ views on using technology in the teaching of mathematics, including
in calculus, have been reported in a number of studies (e.g. Hegedus et al., 2015; Nabb, 2010;
Sammartino, 2023; Serkan, 2013). Such critics contend that the integration of technology into
mathematics classrooms has resulted in the diminution of mathematical skills among students,
particularly algebraic skills, even though such skills are vital for advanced mathematics (Nabb, 2010;
Serkan, 2013). Related to this, Sevimli (2016) reported the findings of a study examining students’
attitudes towards the use of technology in calculus. During this research, Sevimli observed that more
importance was placed on procedural skills by students receiving traditional instruction, whereas
those using technology afforded greater importance to the development of conceptual skills.

2.6. Teaching the Concepts of Limit and Continuity and the Use of Technology

Calculus is an extremely important branch of mathematics, one which furnishes students with a
sound foundation for learning more advanced mathematical concepts. Moreover, calculus is widely
used in everyday life. For instance, it can be used to analyse and combine the functions of costs,
demands, and revenues to obtain a function of total production and total profit. This equation can
then be differentiated to derive a new equation that can be used to calculate profit optimisation
values (output) based on the number of items produced (input) (Marsitin, 2019). Nevertheless,
calculus has ‘inherently difficult concepts’ (Tall, 1992, p. 14), such as the limit of a function. Learning
the concept of limit provides the requisite platform through which to access almost every other topic
in calculus. Concepts derived using the concept of limit are continuity, convergence, derivatives, and
integrals. Thus, learning calculus can be considered the study of limits. Yet despite its immense value,
learners typically encounter cognitive difficulties in understanding the abstract content of calculus.
For instance, prior research suggests that students’ conceptual understanding of the concept of limit
is incomplete and lacks structure (Cornu, 1991; Davis & Vinner, 1986; Juter, 2005; Roh & Lee, 2011;
Tall, 1992; Tall & Vinner, 1981). Consequently, an increasing amount of research has been conducted
over several decades to investigate these challenges. For example, students frequently encounter
difficulties in comprehending the definition of convergence (Roh & Lee, 2011) and the strict definition
of the limit of a function (Tall, 1992). Furthermore, students often exhibit misunderstandings that are
confused with the concept of limit (e.g. Fernandez-Plaza et al., 2013; Moru, 2009; Sebsibe & Feza,
2020; Williams, 1991), a factor which may be attributable to linguistic ambiguities, over-
generalisation, and inadequate knowledge of the content on the part of the instructor.

A substantial amount of attention has been paid to the concepts of ‘limit and continuity’ by
researchers, as these are essential for learning advanced mathematical concepts (Mastorides &
Zachariades, 2004). Limits are fundamental calculus concepts that describe how a function behaves
near a specific input (Bressoud et al., 2017). Studies have revealed the different strategies adopted
by students when thinking about limits, ranging from the theoretical to the practical (Areaya & Sidelil,
2012). To understand limits and continuity where observations are not generalised in pragmatic
rationality, three types of rationality need to be understood by students: only specific cases are
examined; to deduce generalisations, empirical rationality is applied; theories, properties, lemma and
corollary are established according to theories which describe theoretical rationality (Branchetti et
al., 2020).
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The dynamic nature of calculus often makes it difficult for mathematics teachers to demonstrate
on a blackboard. Furthermore, according to Thompson and Harel (2021), students found the image
of a function at a point to be confusing and had confusion about piecewise functions by solving
inequalities, and were unable to identify the limit of a function from a graph. They also found it
challenging to sketch trigonometric, piecewise, exponential, and logarithmic functions, and to
identify their domains as essential calculus concepts.

Hohenwarter et al. (2008) explained that GeoGebra can assist in reducing some of the difficulties
faced regarding derivatives, the limit of a function at points, the domain of a function through a
dynamic approach, sketching a function given in polar or parametric functions, and trigonometric
functions. Although GeoGebra cannot provide students with instantaneous feedback when the class
is of a certain size, students are able to assess their own work (Wassie & Zergaw, 2019). For instance,
GeoGebra can simplify the process of creating instructive practice sheets or applets that include
stimulating questions. Indeed, both geometric and algebraic study tools are now included in
mathematics education.

The increased access students have to software such as GeoGebra means they are provided with
stimulating and productive learning environments that promote engagement and success (Yerizon et
al., 2021). For example, the dynamic geometry software (DGS) makes it easier for students to
understand that the graph represents a continuous function. The multiple representations supported
in GeoGebra, including geometric, algebraic, and calculus commands, mean that, using visualisation,
students are motivated to engage in the class and assist in clarifying the theorem (Zulnaidi et al.,
2019). Through the discovery of mathematical truths and relationships, students enhance their ability
to think creatively (Uwurukundo et al., 2022). The DGS also illuminates the dynamic relationships
between the concepts of limits, derivatives, and continuity of functions. To construct a relationship
between geometry and algebra, both CAS and DGS use GeoGebra (Kortesi et al., 2022; Zengin et al.,
2012).

Having reviewed previous studies, the following points were noted: Most of the studies that deal
with calculus teaching indicate the modernity of the topic and its importance. In addition, the
researchers benefited from the literature by drawing on the pedagogical literature and literature
reviews, adopting scientific methodology to form the theoretical framework used in this research,
and formulating their research methodology. Moreover, what distinguished this study is that it dealt
with determining the faculty members’ perspectives on effective instructional methods for teaching
calculus in UK and Saudi universities, which had not been studied before.

3. Methodology
3.1. Methodology Research Approach

This qualitative study adopted an online questionnaire to elicit experts’ (calculus faculty
members) views on the teaching of calculus. The study was conducted in Saudi Arabia and the United
Kingdom (UK) universities. All participants were faculty members who specialised in curricula and
methods of teaching mathematics and other related areas, such as pure mathematics, including a
total of 150 UK faculty members and 156 Saudi faculty members. The study was conducted in the
second term (starting date 25.01.2024).

3.2. Questionnaire Design

The questions on the questionnaire can vary from closed-ended to open-ended depending on
the nature of the data to be collected (Wilkinson & Birmingham, 2003; Cohen et al, 2007; Bryman,
2008). The questionnaire was designed in two parts. The first part (close-ended questions) contains
background data about the participants, followed by nine statements aimed at obtaining the
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perceptions of faculty members on effective instructional methods in the teaching of calculus in the
UK and Saudi Universities.

3.3. Translation of the Questions

The questionnaire was written in Arabic and later translated into English, a process that was
followed by asking four people to produce a translation to compare and ensure accuracy. For further
reliability, two competent translators from the translation department in three Saudi universities
were also consulted. Because the respondents' language in Saudi Arabia was Arabic, the
questionnaire was read by five specialists in the Arabic language, who were consulted separately to
receive their comments on the possibility of any ambiguous wording.

3.4. Questionnaire Pilot

A further process, which is of assistance in evaluating the validity and reliability of the
questionnaire, is to test the research instrument (Aldridge & Levine, 2001; Bell, 2005; Bryman, 2008;
Cohen et al.,, 2007; Gay & Airasian, 2003; Wilkinson & Birmingham, 2003). Moreover, Cohen et al.
(2007) emphasise the significance of piloting the questionnaire as well as editing its contents.

The questionnaire was piloted meticulously in order to guarantee an acceptable standard of
validity. Subsequently, the following groups participated in piloting it:

e Experts, as indicated by Cohen et al. (2007).
e Colleagues, as indicated by Wilkinson and Birmingham (2003).

e A participants’ sample in the main study as indicated by Cohen et al. (2007), Wilkinson and
Birmingham (2003) and Bryman (2008).

Sixteen Saudi colleagues, who are experienced in this area completed the questionnaire.
Furthermore, they were requested to mention their individual experiences regarding ethical matters,
and to determine the relevance surrounding the questionnaire questions. Twenty-three faculty
members from UK and Saudi, who were representative of those who participated in the main study,
completed the questionnaire.

According to Bryman (2008), this process has a potential impact on future representations within
the sample. This is particularly the case where the selected group is representative of part of the
main sample; consequently, the 21 faculty members who completed the questionnaire were not
included. Since colleagues are unrepresentative of the target population, Aldridge and Levine (2001)
are critical of the dependence on them in evaluating the questionnaire. In contrast, Cohen et al.
(2007) propose that experts on questionnaires are consulted, such process being applied in this

paper.

Itis advocated by Gay and Airasian (2003) that, in order to verify the validity of the questionnaire,
those who review it should answer it themselves. Following the completion of the questionnaire in
this pilot study, each participant in every group responded to questions according to Bell (2005),
which included:

e Did you fail to answer any of the questions?

e Were the instructions ambiguous in any way?

e Was the questionnaire too short, the correct length, or excessively lengthy?
e What part or parts of the questionnaire did you find unclear?

e Please suggest any topics that you think could be added.

e Was the questionnaire design appealing and acceptable?

https://doi.org/10.22521/edupij.2025.16.223 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.16.223

Alabdulaziz and Higgins | 10

e Do you wish to add any comments?
With regard to the level of the scope and clarity of the questionnaire, the answers were useful.
3.5. The Benefits Gained from Piloting the Questionnaires

The participants’ comments at the pilot stage led to numerous advantages. Firstly, the pilot
sample was clear when the Arabic and English versions of the questionnaire were compared. Because
the first language of the UK participants, is English, they preferred the English version, and the first
language of the Saudi participants, is Arabic, they preferred the Arabic version; moreover, Gass and
Mackey (2007) advocated this. Furthermore, the participants emphasised the significance of the
letter that accompanied the questionnaire, the purpose of such letter being to clarify the study.
Moreover, they recommended that the participants read this letter in the main study. The
researchers also used this feedback to improve the questionnaire by reducing its length and deleting
repetitive statements.

3.6. Validity and Reliability of the Questionnaire

Although the questionnaire’s validity and reliability may be tested by applying several methods,
the principal aspect of the questionnaire is validity, of which reliability is a subset. Validity indicates
the guestionnaire to be comprehensive and that, in a fair manner, it addresses the matter under
investigation (Gass & Mackey, 2007). Fraenkel and Wallen (2008, p. 153) define the validity as ‘the
appropriateness, meaningfulness and usefulness of the specific inferences researchers make based
on the data they collect’. Subsequently, it is possible to verify the questionnaire’s external validity by
considering the opinions of academics regarding its framework and content (Bryman, 2008; Cohen
etal., 2007; Crowl, 1996; Gay & Airasian 2003; Gass & Mackey, 2007). In order to attain this objective,
fife members of mathematics education department at Saudi Arabian universities, and six members
of mathematics education department at UK universities were consulted for discussion of the
questions asked in the questionnaire.

Therefore, in this study, the researcher adopted face-validity and content-validity. Oppenheim
(2001) stated that ‘content-validity seeks to establish that the items or questions are a well-balanced
sample of the content domain to be measured’ (p. 162). There are actually numerous methods of
attaining content-validity, ranging from dependable research construction by submitting the plan to
experts, to analysing the validity and reliability statistically. There are formulae; for example,
Cronbach’s Alpha coefficient which ranges from zero to one (unreliability-reliability) (Gay & Airasian,
2000).

Having established the ideas of validity and reliability, the following section will consider the face
validity of this study.

3.6.1. Face-Validity

In order to attain the optimal degree of face-validity in this research, particular actions were
taken prior to the final dissemination of the questionnaire. Such actions may be summarized as
follows: submitting the questionnaire to a proofreader in order to improve clarity; and submitting it
to experts and specialists in this area of research and study. The final step was to submit the
guestionnaire to a committee comprising referees, in order to assess for every aspect including
clarity, language, duplication, and contradiction. The Arabic and the English versions were presented
to this body, accompanied by a cover letter. Furthermore, the questionnaire was submitted to a
statistician for the purpose of assessment, as well as to receive help in selecting the correct
measurement (Cohen et al., 2004; Gay & Airasian, 2000; Oppenheim, 2001).
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3.7. Face-Validity Sampling Procedures

Various methods may be applied in conducting this questionnaire, for instance, personal
interviews, email, or mail (Aldridge & Levine, 2001; Bell, 2005; Cohen et al., 2007; Gay & Airasian,
2003; Wilkinson & Birmingham, 2003). In this study emails inviting faculty members who were
specializing in mathematics education and other related areas to participate in the study along with
a link to the online questionnaire were distributed. A reminder email was sent three weeks after the
initial invitation to encourage participation. The questionnaire was attached with a letter ex-plaining
it as recommended by Cohen et al. (2007). Therefore, a cover letter was included with the distributed
questionnaire in order to guarantee the largest possible number of participants. The letter indicated
the research’s principal topic and the means of responding to the questions and asked the
respondents to be cooperative by replying quickly; it also provided details on how the questionnaire
should be returned. Furthermore, strict confidentiality would be guaranteed with the answers, which
we used exclusively for research purposes. Finally, the participants were thanked in advance for their
participation. Cohen et al. (2004) stated the purpose of the covering letter was ‘to indicate the aim
of the survey, to convey to respondents its importance, to assure them of confidentiality, and to
encourage their replies’ (p.97).

3.8. Data Analysis

Strength with this study was that open questions were also used in Part 2. It consisted of nine
open-ended questions, which were analysed by using a qualitative method. Thematic analysis was
chosen since it is a flexible and diverse approach to analyse answers (Braun and Clarke, 2006). This
type of analysis is not tied to any theoretical framework and rich descriptions of the data could be
achieved by using this method. Open-ended questions were used to make the participants provide
the response categories instead of being forced to choose from preselected categories selected by
the researcher. Thus, insight into the participants’ own perceptions about the problem is possible by
using open-ended questions and the perceptions on the subjects are not closely tied to the
researcher’s own perceptions.

It was necessary to supply the following three ethical requirements. Firstly, all participants were
informed that they were volunteers in this study and had the right to ask for any of the responses
they had given previously to be removed. Secondly, the confidentiality of participants’” identities and
personal details was guaranteed, meaning that their names would not be included in the course of
the translation procedure. The third involved providing the participants comprehensive details
regarding the purposes of the research.

4, Results and Discussion

This section presents the results from the questionnaire in two sections which correspond to the
two different parts of the questionnaire.

4.1. Part 1 — Demographic Analysis

The first part of the questionnaire elicited demographic information from the respondents
regarding gender; age; class size; programme of studies in which the discipline is taught; teaching
experience; academic status; and the sections of calculus taught. Descriptions of the respondents in
terms of demographics are presented in this section.

Of the 306 respondents, 200 (65.3%) were male (110 out of the 200 from UK, and 90 out of the
200 from Saudi), and 106 (34.7%) were female (56 out of the 106 from UK, and 50 out of the 106
from Saudi). In terms of age, 70 UK faculty members were aged between 44-51, 50 were aged
between 36—43, and 30 were aged between 28-35. Among Saudi faculty members, 30 respondents
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were aged between 44-51, 40 were aged between 36-43, and 86 were aged between 28-35. All
participants taught classes <30 students, and all taught bachelor’s programmes.

The majority of faculty members (148 Saudi faculty members and 150 UK faculty members) had
more than 5 years of teaching experience.

In terms of academic status, among UK faculty members, 70 respondents were professors, 50
were associate professors, 20 were assistant professors, and 10 were lecturers. Among Saudi faculty
members, 30 respondents were professors, 40 were associate professors, 70 were assistant
professors, and 16 were lecturers. In terms of the number of sections of calculus taught, all
participants taught 11 to 15 sections in one course.

4.2. Part 2 — Open-Ended Questions

In this section, a qualitative analysis is conducted on open-ended questions. Thematic analysis is
carried out where the answers are analysed according to patterns or themes (Braun and Clarke,
2006).

This section discusses the findings of the questionnaire in relation to the literature. It does so
according to three dimensions: (A) effective instructional strategies for teaching calculus topics; (B)
students’ difficulties in learning calculus, and (C) challenges of teaching calculus.

4.2.1. Effective Instructional Strategies for Teaching Calculus Topics

All participants (except for two from the UK) agreed that the single most effective instructional
strategies they have used to teach the concept of the derivative and the concepts of limit and
continuity are the FCS and GeoGebra. In addition, two UK participants believed that inquiry-based
learning, project-based learning, team-based learning, and the Modified Moore method, could be
effective in enabling students to develop a solid understanding of calculus in UK universities (Aryal,
2022; Cronhjort et al., 2018; MclLoughlin, 2009; Mkhatshwa, 2021; Peter et al., 2020; Viirman &
Pettersson, 2022; Wu & Li, 2017).

4.2.1.1. The Advantages of the Flipped Classroom Strategy (FCS)

Overall, 58 UK faculty members and 45 Saudi faculty members stated that the FCS enabled
students to become lifelong learners, a finding in alignment with that of Renfro (2014). Furthermore,
30 UK faculty members and 25 Saudi faculty members stated that when the FCS strategy was applied,
their students expressed a preference for watching educational videos rather than reading texts, and
this had a positive impact on levels of achievement, especially among university students (Sahin et
al., 2015).

Furthermore, 62 UK faculty members and 86 Saudi faculty members expressed the view that
their students’ conceptual understanding of calculus was enhanced by using the FCS, which is in line
with the findings of Zengin (2017). This was evidenced in their superior acquisition of concepts, their
capacity to form clear mental images of concepts, their increased ability to retain information, and
the fact that understanding became much easier. This is a crucial outcome given that students who
fail to master the basic concepts find it extremely challenging to learn new topics at advanced levels
(Abbas & Al-Absi, 2007; Muzangwa & Chifamba, 2012; El-khateeb, 2015; Dane et al., 2016).

Overall, 60 UK faculty members and 86 Saudi faculty members reported that when using the FCS,
the mental conception is created outside of the classroom, whereas within the classroom, students
participate in tasks aimed at constructing relationships between the symbols and the wording of the
term or the rules, and describing the dynamics of the concept. This enables them to recognise the
various ways in which the concept can be expressed. Moreover, the FCS focuses on the relationship
between assignments and tasks, allowing students to construct essential concepts formally according
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to definitions of known objects, and to display the conceptual structure. These phases align with Tall's
theory of the Three Worlds of Mathematics (TWM), the first stage of which is conceptual-embodied,
where the mental conception is constructed according to the characteristics of things, the second
stage is proceptual-symbolic, and the third stage is formal-axiomatic.

Regarding the use of technology, most participants (300) expressed a need for more support,
with just six answering that they did not wish to use such technology (4 from the UK and two from
Saudi Arabia). When asked to explain why they decided to use technology, a number of reasons were
given. From this, two main themes were identified where at least three responses contained the
following ideas:

Theme 1: Technology Facilitates the Robust Understanding of an Array of Calculus Concepts

10 UK participants and 4 Saudi participants stated that integrating educational technologies such
as graphing calculators, Desmos, GeoGebra MATLAB, Maple, and WolframAlpha into the teaching of
calculus enables students to develop a strong comprehension of different calculus concepts such as
the derivative, a finding which aligns with previous studies (e.g. Leng, 2011; Wu & Li, 2017; Zbarsky
etal., 2021).

A total of 5 UK participants and 10 Saudi participants expressed the belief that utilising
technology such as a calculator-based ranger and a TI-83plus graphing calculator to teach derivatives
in calculus enhances students’ comprehension of the geometric relationship between a function and
its derivatives, a finding that is in agreement with that of Berry and Nyman (2003).

Notably, most participants used GeoGebra when teaching the concept of the derivative and the
concepts of limit and continuity. In explaining its advantages, 20 UK participants and 34 Saudi
participants stated that GeoGebra made it easier for students to visualise the concept of the
derivative, and 18 UK participants and 20 Saudi participants expressed their belief that GeoGebra
could potentially enhance students” comprehension of the derivative in multiple function
representations. These findings align with those of Sari et al. (2018).

Furthermore, in agreement with the results of Hohenwarter et al. (2008), 9 UK participants and
20 Saudi participants stated that GeoGebra can assist in reducing the difficulties associated with, inter
alia, derivatives, the limit of function at points, the domain of function using a dynamic approach,
sketching a function given in polar or parametric functions, trigonometric functions. This is crucial as
the dynamic nature of calculus means it is an extremely difficult topic to demonstrate visually.
Moreover, students found the image of a function at a point to be confusing and its limit confusion
about piecewise functions by solving inequalities, and were unable to identify the limit of a function
from a graph. They also found it challenging to sketch trigonometric, piecewise, exponential, and
logarithmic functions, and to identify the domains of these functions as basic calculus concepts
(Thompson & Harel, 2021).

In addition, 9 UK participants and 21 Saudi participants believed that student engagement and
success would be increased by the fact that GeoGebra provides them with access to more stimulating
and effective learning scenarios. Consequently, they understood that the graph denotes a continuous
function through the DGS. Moreover, visualisation motivated students to engage in the class and
assisted in clarifying the theorem. Through the discovery of mathematical truths and relationships,
students’ creative thinking skills developed substantially, a finding consistent with several other
studies (e.g. Yerizon et al., 2021; Uwurukundo et al., 2022). As well as illuminating the concepts of
limits, derivatives, and continuity of functions, the DGS depicts the dynamic relationships between
these concepts. GeoGebra is used by both CAS and DGS to form links between geometry and algebra
(Kortesi et al., 2022; Zengin et al., 2012). When adopting this approach to clarify the theorem, the
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multiple representations supported in GeoGebra, including geometric, algebraic, and calculus
commands, therefore encourage students to participate in the lesson (Zulnaidi et al., 2019).

Theme 2: Technology Can Enable Students to Make Connections Between Concepts

In line with Hiyam et al. (2019), 6 UK participants and 5 Saudi participants pointed out that
Mathematica (a computerised algebra system) increased the capacity of students to, inter alia,
identify links between graphs of functions and graphs of their derivatives,

Moreover, as identified in several previous studies (Kortesi et al., 2022; Zengin et al., 2012;
Zulnaidi et al.,, 2019; Uwurukundo et al., 2022), 69 UK participants and 40 Saudi participants perceived
GeoGebra as useful for identifying the relationships between the concepts of limits, derivatives, and
continuity of functions.

Notably, the 6 participants who opted not to use technology when teaching calculus explained
that they believed this would lead to an impoverishment of the mathematical skills, particularly
algebraic skills, that students need to learn advanced mathematics. Strikingly, although extremely
strong support has been expressed for using technology in mathematics teaching at all levels of
university, research indicates that the integration of such technology into mathematics education
has, to date, been rather limited (Agyei et al.,, 2022; Kamau, 2014; Marshall, 2012). Given the
perceived impoverishment of mathematics skills mentioned by the participants in the current study,
it could be argued that such critics attribute as much value to a procedural understanding of
mathematical ideas as they do to a conceptual understanding. Related to this, Sevimli (2016) found
that students taught in a traditional manner gave greater importance to procedural skills, whereas
students taught using technology afforded more importance to conceptual skills.

4.2.2. Students’ Difficulties in Learning Calculus

Regarding the second question, questionnaire participants generally believed that lessons are
usually easy for students to grasp when working with related calculus, except for the concepts of the
derivative and of limit and continuity. This suggests to faculty members that a suitable teaching
method needs to be employed to assist undergraduate students in understanding these concepts.
This is unsurprising as multiple studies have found that students find it difficult to comprehend the
concept of the derivative when faced with calculus-based problems (e.g. Clark et al., 1997; Engelke,
2004; Mkhatshwa, 2020; Piccolo & Code, 2013) and, in addition, also display a partial and
unstructured conceptual understanding of the concept of limit (e.g. Cornu, 1991; Davis & Vinner,
1986; Juter, 2005; Roh & Lee, 2011; Tall, 1992; Tall & Vinner, 1981).

In the current study, most participants (130 UK faculty members and 126 Saudi faculty members)
stated that students found the derivative and of limit and continuity especially challenging when
solving calculus.

Regarding the concept of the derivative, one UK faculty member stated that ‘students typically
display an inability to apply calculus rules when calculating derivatives’. Another UK participant stated
that ‘students find it difficult to construct or interpret graphs of derivatives’, a finding highlighted in
previous research (Garcia-Garcia & Dolores-Flores, 2021; Haciomeroglu et al., 2010).

One Saudi faculty member described in detail the reasons as to why students experienced such
difficulties: ‘I found that students were reluctant to engage in visual reasoning in the classroom. |
believe that in classroom settings, a large number of students continue to rely on using algorithms
and designated procedures to solve mathematical problems. This prevents them from using visuals as
a tool for reasoning and devising solutions. Furthermore, most students view visual representations,
like graphs, as part of the procedure they need to follow — they do not link them to the process of
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logical reasoning or offer any rationale for the steps they take in their solution. As a result, they do
not possess the skills in critical thinking and reasoning needed to move on to higher levels of education.

A UK faculty member identified another difficulty students faced: ‘Although students are usually
able to understand derivatives when applied to kinematics, they find this much more challenging in
scenarios that do not relate to kinematics, like economics’, an observation that aligns with the work
of Ibrahim and Rebello (2012).

Another Saudi faculty member opined that ‘the derivative is a concept that has a vital role to play
in economics. An example of this would be a marginal analysis conducted to investigate the impact of
minimal changes on the existing state of a production. Students need to be able to make sense of the
derivative if they wish to know how it is used in contexts related to economics. However, they often
find this challenging.

Regarding the difficulties students face in understanding the concepts of limit and continuity,
one UK faculty member stated that ‘the concepts used in calculus are innately challenging;
consequently, students often display a fragmented and loosely structured understanding of the
concept of limit’. Similarly, one Saudi faculty member observed that ‘in my classes, students often find
the strict definition of the limit of a function hard to comprehend’. A UK faculty member concurred,
stating that ‘ students exhibit an array of misunderstandings regarding the concept of limit’. Such
observations support the findings of previous studies (e.g. Tall, 1992; Cornu, 1991; Davis & Vinner,
1986; Juter, 2005; Roh & Lee, 2011; Tall & Vinner, 1981). For example, students frequently find it
challenging to comprehend the definition of convergence (Roh & Lee, 2011), the rigorous definition
of a limit of a function (Tall, 1992), and display a variety of misunderstandings concerning the notion
of limit (e.g. Fernandez-Plaza et al., 2013; Moru, 2009; Sebsibe & Feza, 2020; Williams, 1991).

4.2.3. Student Challenges of Teaching Calculus

Concerning the third question, all participants agreed that teaching calculus at a university is
associated with several challenges. For instance, based on observations and the conversations in
which they participated throughout their lengthy careers, 230 faculty members (80 from the UK and
170 from Saudi) stated that they often faced difficulties when teaching the concepts of the derivative
and of limit and continuity, and that this was evident among students who had just enrolled at
university. This suggests that students arrive at university with false preconceptions regarding the
way in which calculus should be taught. These include beliefs developed whilst at secondary school,
including the view that teachers and textbooks are the principal arbiters of knowledge and that most
mathematical problems can be solved by directly applying the formulas, facts, theorems, rules, and
procedures imparted by teachers and contained in textbooks. Such findings corroborate several
earlier studies' findings (e.g., Garofalo, 1989; Bookman, 1993; Schoenfeld, 1995). Such information is
crucial, as most of the faculty members taking part in this study had at least 5 years of teaching
experience in various academic positions, such as professor, associate professor, assistant professor,
and (less commonly) lecturer.

The participants noted that they faced such challenges at the outset when they strived to use
alternative methods such as GeoGebra or the FCS to teach these concepts. The principal problem
was that students were unfamiliar with these tools as their high school teachers did not use them.
Nevertheless, students feel that these tools are more effective in enabling them to understand the
basic concepts of calculus than traditional methods of teaching, examples of which have been
presented in a number of studies (e.g. Tall, 1992; Monk & Nemirovsky, 1994; Ferrini-Mundy &
Graham, 1994; Williams, 1991; White & Mitchelmore, 1996).

In the current study, UK faculty members stated that students may conceptualise functions in a
manner that works well in a small number of highly specific scenarios, but is generally not consonant
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with or supports the development of a robust inference of derivatives, a finding also reported by Kuh
et al. (2011). One of these participants asserted that intellectually stimulating, creative work is
essential to enhance pupil learning and achieve collegiate excellence.

Overall, 50 UK participants argued that school teachers should focus more on motivating
students to partake in group tasks/activities and less on delivering lectures, a recommendation also
made by Smith and Moore (1990, 1991). Most of the leading researchers currently working on
mathematics pedagogy at the elementary or secondary level, or on calculus learning at the school
and university level, have long highlighted the need for a process of reform that increases the overall
efficiency of teaching (NCTM, 1989, 1991; Tucker, 1990). Consequently, mathematical instructors
have come to recognise the significant role played by calculus and hence are becoming more engaged
in this process of reform (Young, 1987).

Thus, given that educators are cognisant that calculus is integral to a multitude of fields, and vital
for solving complex problems and making informed decisions in a world that is rapidly changing, it is
vital for those who teach calculus to scrutinise the instructional methods they employ and determine
which are the most effective. This is why the researchers incorporated the following two questions
into their questionnaire: “What can you learn from calculus teaching methods around the world?’
and ‘How is calculus used in everyday life?’

All participants stated that the mathematics education community across the world has become
ever more engaged with issues concerning the teaching and learning of calculus. Despite this, they
believed that most instructors used traditional methods to teach calculus. Three UK participants
asserted that applying rules without understanding the reasons as to why results in instrumental
understanding, which precludes the development of creative thinking. Thus, students seldom ask
why a rule works or where it comes from, as they lack the ability to understand calculus at a
conceptual level (Skemp, 1976).

Nevertheless, with respect to the second question, there was a consensus among all participants
that, from physical laws governing the universe to the intricacies of biological processes and the
complexities of economic systems, practical applications of calculus pervade almost every aspect of
our lives. Accordingly, we will acquire a more profound understanding of our world by leveraging the
power of derivatives and integrals, facilitating innovation, discovery, and progress across a multitude
of disparate fields. By exploring the limitless applications of calculus, new domains of understanding
will be accessed, creating the foundation for a future sculpted by mathematical insight and
inventiveness. For example, in differential calculus at the undergraduate level, the concept of the
derivative is not only central but also has myriad applications in fields such as economics, physics,
and engineering (see Berry & Nyman, 2003; Jones, 2017; Mkhatshwa, 2018, 2023a; Siyepu, 2013).
For instance, calculus can be employed to analyse and combine functions of costs, demands, and
revenues to obtain a function of total production and total profit; this equation can then be
differentiated to generate a new equation that, based on the number of items produced (input),
calculates profit optimisation values (output) (Marsitin, 2019).

5. The Research Implications and Limitations

Different practical and theoretical implications can be drawn from this research. From the
theoretical perspective, the current study contributes by resolving the deficiency in the literature
with respect to faculty members’ perspectives on effective instructional methods for teaching
calculus in UK and Saudi universities. The findings can benefit educators by offering insights so that
they can make more informed decisions regarding calculus teaching. From a practical perspective,
due to the use of the previous instructional strategies of education, the importance of these
strategies has been shed on enabling students to develop a solid understanding of calculus in the UK
and Saudi Universities.

https://doi.org/10.22521/edupij.2025.16.223 Published online by Universitepark Press


https://doi.org/10.22521/edupij.2025.16.223

Alabdulaziz and Higgins | 17

Despite its strengths, there are a number of limitations with the research that need to be
addressed. First, this study focused only on UK and Saudi faculty members. This was driven by the
previous experience of the first author, who studied in the UK and was originally from Saudi Arabia,
and the second author, who was originally from the UK. This decision enabled the project to be
conducted efficiently. Second, the sample comprised faculty members only, as students were
excluded owing to the challenges associated with eliciting approval to extend the survey to a larger
audience. Third, in any research, there is a possibility that the answers may contain unfamiliar or
unanticipated findings. This can occur irrespective of meticulous planning; for example, piloting the
questionnaire as required. This was evident in the unanticipated responses to Question 9 on the
questionnaire (second section), which was thought to have been caused by a misinterpretation of
the question design (semantic differential). Fourth, although surveys demonstrate associations and
permit description, they provide no evidence of specific causal relationships, unlike experimental
research techniques. This includes the surveys conducted in this research. Creswell (2012, p. 376)
explains that, ‘survey designs differ from experimental research in that they do not involve a
treatment given by the researcher. Because survey researchers do not experimentally manipulate
the conditions, they cannot explain cause and effect as well as experimental researchers can...survey
researchers often correlate variables. Casual connections could, however, be demonstrated in any
future research by the application of intervention techniques.

6. Conclusion and Recommendations

The results revealed that all participants (except for two from the UK) agreed that the
instructional strategies could be effective in enabling students to develop a solid understanding of
calculus. The FCS and GeoGebra programs are used in the UK and Saudi universities. In addition, a
small number of participants mentioned other tools such as graphing calculators, Desmos, GeoGebra,
MATLAB, team-based learning, Maple, WolframAlpha, and Mathematica (a computerised algebra
system), along with strategies such as inquiry-based learning, project-based learning, team-based
learning, and the Modified Moore method. Regarding the challenges and difficulties encountered
when teaching calculus, most participants (130 UK faculty members and 126 Saudi faculty members)
stated that students move to university with incorrect beliefs about the method for teaching the
concepts of the derivative, and of limit and continuity, the principal belief being that teachers and
textbooks are the sole authority of knowledge. Finally, with regard to what was easy or difficult for
students when solving calculus, a common theme that emerged was that lessons are often
straightforward for students when working with related calculus, the notable exceptions being the
concept of the derivative and the concepts of limit and continuity.

In view of the findings, the researchers recommend the following: Firstly, adopting the FCS as an
effective method for teaching the concept of the derivative and the concepts of limit and continuity
to undergraduate students, thereby increasing their level of achievement in calculus. Secondly,
adopting the GeoGebra program as an effective method for teaching the concept of the derivative
and the concepts of limit and continuity to undergraduate students, thereby increasing their level of
achievement in calculus. Thirdly, the GeoGebra programme should be included in mathematics in
general, but primarily for teaching the concept of the derivative and the concepts of limit and
continuity. Fourthly, mathematics teachers should deliver fewer lectures and make greater use of
technologies such as GeoGebra, graphing calculators, Desmos, GeoGebra MATLAB, Maple,
WolframAlpha, and Mathematica (a computerised algebra system) when teaching calculus. Fifthly,

Mathematics teachers should make greater use of strategies such as inquiry-based learning,
project-based learning, team-based learning, and the Modified Moore method when teaching
calculus. Sixthly, courses and training workshops should be held for secondary school mathematics
teachers on how to use learning models, including the FCS and GeoGebra programs, in the
mathematics (and particularly the calculus) curriculum. Seventhly, the concept of the derivative has
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numerous applications in multiple fields of study; therefore, school teachers and faculty members
should simplify the concept to reduce its difficulty for students. Finally, most students also faced
problems with limits and continuity, yet the concept of limits provides the necessary foundation upon
which to access almost all other topics in calculus. Therefore, educators should concentrate on
making this concept easier for students to understand.

7. Implications for Further Studies

The researchers suggest conducting further research in the following areas: Conduct similar
studies to identify the impact of other strategies on teaching calculus. In addition, similar studies
should be conducted with other school grades to further identify the impact of using FCS and
GeoGebra to teach mathematics. Moreover, further studies should be conducted to identify the
difficulties and obstacles hindering the use of the FCS and GeoGebra in teaching mathematics.
Furthermore, future studies could be extended to other areas of the education field. Finally,
researchers could investigate the students’ perspectives on the difficulties with learning limits and
the continuity of functions.
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