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Abstract

The absence of in-person classes due to COVID-19 compelled the teacher-researcher to
deviate from the traditional face-to face class and lecture instruction delivery. This cycle 2 of
an action research study using the Plan-Do-Study-Act (PDSA) model determined the
students’ perspective, practices, and performance on a fully modular calculus class. Survey
questionnaires, reflective journals, and focus group discussion were used for the qualitative
part while pretest and posttest scores were used to assess calculus performance using a two-
tailed paired t-test at a=0.05. Descriptive and thematic analyses revealed that students viewed
modules as printed materials which cover everything and modular instruction as entailing a
lot of reading and self-study. Students’ practices to survive the modular instruction included
reading of the modules several times a week, engaging in group studies, watching You Tube
videos, and asking questions to the teacher. Using Jamovi 2.3.13, results revealed that the
participants’ calculus performance increased significantly (p < 0.001, d=1.89) which is
largely attributed to the use of the self-learning modules. Modular instruction appears to be a
viable mode for calculus agency during remote learning.
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Introduction

Physical learning disruption caused by the global health pandemic due to COVID 19 posed
formidable challenges to educators. The predicament is more stimulating to teachers of
domains requiring knowledge of both declarative-propositional (knowledge) and procedural
(skill) like mathematics. It is expected to be even more demanding for teachers and learners
of calculus, because concepts are abstract and complicated (Zachariades et al., 2007).

The choice of calculus instruction delivery amidst the pandemic considering inadequate
online learning gadgets and internet connectivity issues in a state university serves as the
subject of this paper. How does one provide an effective calculus instruction during remote
learning with the aforementioned considerations? A completely modular form of instruction
seems to be a viable option for the teacher-researcher and through action research the
students’ perspective, practices, experiences and performance were determined.

Why Action Research. Elliot (1991) as cited by Young et al. (2010) defined actions research
(AR) as a process in which teachers collaborate with peers to jointly evaluate their practice;
raise awareness of their personal theory; express a shared conception of values; honing new
strategies so that practice and educational values they espouse are consistent; ensure
recording of their work in a manner which can be understood by their peers and make them
readily available; and thus develop a shared theory of teaching by research practice. AR
enables researchers to develop a systematic, inquiring approach toward their own practices
orienting towards effecting positive change in this practice (Hine, 2013; Holter & Frabutt,
2012). The belief that one can know through doing, exemplified by pragmatists, reinforces
these practices of action researchers (Brydon-Miller et al., 2003).

The adoption of an action research design to explore the perspective, practices, experiences
and performance of students in a fully modular instruction calculus class finds underpinnings
in the aforementioned.

On Distance Learning. Students may be separated geographically from their campus,
teachers, and institution services through distance learning (Lentel, 2012). Many researchers
have applied distance education and distance learning interchangeably to a variety of
programs, audience, and media (Sherry, 1995). It can take different forms and be supported
by various systems and applications (Zarzycka et al., 2021) with the common feature of
delivery being remote (Means et al., 2010). Distance education describes education delivered
to distant or remote locations via print, audio, video (live or pre-recorded) and/or computer
technologies, including both synchronous and asynchronous instruction (Cain, et al. 2007 as
cited by Owens, et al. 2009).

Modular Instruction. As early as 1972, Goldschmid & Goldschmid have explained that a
modular instruction is one which either partly or entirely uses a module which is a self-
contained, independent unit of a planned series of learning activities designed to help the
students accomplish certain well-defined objectives. The main objective of the modules is to
provide resources to instructors that will allow them to transform their classrooms into active,
student-centered learning environment (Sadiq & Zamir, 2014). Rakova et al. (2018)
considered a module to be a set of learning opportunities which are organized around a well-
defined topic which contains elements of instruction, specific objectives, learning activities
and self-assessment and evaluation using criteria-referenced measurement. To have control
over their learning while accepting greater responsibility for learning as well (Dejene &



Chen, 2019) has been greatly encouraged by the modular approach which is an alternative
instructional design that uses developed instructional materials which are based on the needs
of the students (Nardo, 2017).

Calculus Agency. Calculus has a critical role and varied goals across different contexts (Biza
et al., 2022) Calculus courses are considered to be a vital gate keeper in various academic and
professional paths (Bressoud et al., Thompson & Harel, 2021) and calculus is widely known
as a critical stage in many transition processes including transition from secondary
mathematics to tertiary mathematics, transition within and across university courses, or more
importantly the transition from university to the workplace (Hocmuth et al., 2021). Though
the importance of calculus is widely accepted, ample evidence shows that students around the
world struggle in their calculus courses and the rates of failure in these courses are relatively
high (Artigue et al., 2007; Faulkner et al., 2019). As many components of calculus depend on
reasoning with visual representation (Sorby et al., 2013) it would really be a tremendous
challenge to teach calculus in the absence of a face-to-face class and trying to provide
calculus instruction in online distance learning via a fully modular instruction mode while
taking into consideration mobile learning gadget limitations, signal and internet connectivity
problems.

Methodology

The study involving 40 BSCS students, employed an action research design and adopted the
Plan-Do-Study-Act (PDSA) model. What is presented hereon is the result of Cycle 2 of the
PDSA.

Design and Development of Modules. With the aid of available offline and online resources
and aptly guided by an approved Math 2 (Calculus) syllabus, 15 self-learning modules (SLM)
for differential calculus were developed. The SLM provided lessons on limits, continuity, the
derivatives, rules on differentiation, implicit differentiation, higher-order derivatives, and
problem solving involving the derivatives including related rates, finding extrema, and
optimization. Each module contains an introduction of the topic lesson and a brief discussion
of requisite concepts, objectives, instruction to users/learners, pretest (and answer to pretest),
lesson proper, activity, posttest (and answer to posttest), and self-assessment (Fig 1). The
alpha version was given to selected sections of education and computer engineering students
for student validation and for cycle 1 of the action research study. Errors such as
typographical ones were reported by students and were corrected accordingly; text boxes
with brief explanations in the vernacular (Tagalog) were also included. These measures were
undertaken to allay confusion among learners, make the SLM more learners’ friendly and
hopefully address their reading literacy problems.



Set your timer for 15 minutes. You are NOT
ALLOWED to use any reference i e books.
Google. Youtube, eic. Answers are on page
176 but refrain from looking at them until you
are done with the test

Figure 1. Different parts of the topic module

Implementation of the Modules. The self-learning modules were uploaded in the Google
Classroom at the start of the semester. The students were instructed to read the SLM during
asynchronous class and have a group meet whenever necessary. During synchronous class,
students were allowed to raise questions, concerns, and problems about the topic module; this
was done to clarify lessons and discuss solutions to problems encountered. When students
have no question, the teacher-researcher then will be the one to ask questions about concepts
and applications of that particular topic module. As a requirement, the students have to
submit weekly outputs of pretest, activity, posttest, reflection, and self-assessment.

Exploring Students’ Views, Practices and Experiences on a Modular Instruction Class.

To determine the students’ views, practices, and experiences on a fully modular instruction
calculus class, reflective journals, survey questionnaire, and focus group discussion were
utilized.

Reflective journals. The potential of reflective practices to engender lasting and effective
changes in students’ lives is widely recognized (Denton, 2018). It is common practice to
encourage higher education students to engage in reflective practices as a preparation for
their future professional experiences (Adie and Tangen, 2015). Journaling, along with other
writing activities was seen to be an effective supplement to traditional lecture mathematics
for it complements the critical and logical identity of mathematics and this blend creates a
unique learning culture (Domingo, 2019). This underpins the use of reflective journal as a
source of information for students’ perspective, practices, and experiences during remote
learning under the fully modular form of instruction. At the end of each module, students



were tasked to make a reflection of their learning/understanding of that topic/lesson and to
contextualize the lesson.

Survey questionnaire. According to Mathers et al, (2009), survey is a flexible research
approach used to investigate a wide range of topics. A self-made questionnaire using a 4-
point Likert-scale with 1- never, 2 — sometimes, 3- often, and 4-always was employed to
describe the students’ experience on MI. It was composed of 17 experience descriptors which
were gleaned from the students’ written reflections and comments through question and
answer during synchronous classes. The descriptors included: have access to the lessons
anytime, study calculus remotely, study calculus with flexibility, experience independent-
learning, be focused in my learning, be inspired to do my best, understand my own learning
(metacognition), experience challenges in reading the lessons, exercise critical thinking while
studying, learn without relying on sophisticated gadgets, have difficulty understanding the
lessons, have feedback on my progress/performance, be confident in my performance,
exercise creativity in my learning, be anxious while studying, communicate for help when the
need arises (and extend help when warranted), and appreciate calculus and its use in the real
world. A check mark was used to indicate the frequency of experience of the descriptors from
never (1) to always (4). At the end of the survey, the students were asked to write their
comments/suggestion on the use of modules.

Focus Group Discussion. Before the semester ended, 8 students were randomly selected for
a focus group discussion which was done virtually via Google Meet. Each of them, in random
order, was asked to answer the prepared questions. They have to answer one at a time until all
8 were able to answer. The questions for FGD included: what is your understanding of a
module; what is your understanding of a modular instruction; what are your practices during
asynchronous classes, what are the opportunities and challenges encountered during the fully
modular form of instruction in the calculus class? The students were allowed to answer in the
vernacular (Tagalog).

Pretest and Posttest. Each of the self-learning modules has a pretest and a posttest (Fig. 2).
After the introduction, objectives, and instruction to users, the pretest is done where final
answers are indicated for self-check. A table of scores is provided so the students have an
idea of what to do next. Usually, a student gets very low scores and are directed to continue
to the lesson proper where the topic is lengthily discussed and explained. An activity follows
the lesson proper and the student has to finish where their solutions and scores are compared
to the solution and answers given for the activity. If they get at least 70% correct answer then
they are directed to proceed in answering the posttest which is identical to the pretest. In this
part, solution to the problems were explained unlike in the pretest where only the final
answers were provided. All in all, the students performed 15 pretests and posttest
corresponding to the 15 modules.

Paired sample t-test using Jamovi 2.3.13 was utilized to determine if significant difference
exists between the mean scores of the pretest and the posttest.
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Findings and Discussion
Students’ Perspective, Practices, and Experiences on the Modular Form of Instruction

Using descriptive and thematic analysis, the data collected revealed that students viewed
modules as printed materials where everything about the lesson can be found and the modular
instruction as something which entails a lot of reading and self-study. This is in consonance
with the study of Dejene (2018) which mentioned that modular approach to teaching enables
the learner to have control over their learning and accepts greater responsibility for learning.
He asserted that modular instruction demands greater maturity on the part of the learners and
modules is more appropriate for mature students. This demand led to the development of
various practices among the student participants for them to cope. They shared common
practices in learning calculus through modular instruction which included: allotting schedule
in reading the modules several times a week, engaging in group studies, watching Youtube
videos when still confused, and asking the teacher questions if there are still unclear items.
Reading (including module reading) is a cognitively complex activity which requires that one
fully comprehends the message expressed, interprets between and beyond the lines of text,
and constructs personal meaning with the text (Shea & Ceprano, 2017). This leads to the need
of modular instruction students to spend time with the modules not just once a week but
several times a week. To fully comprehend the calculus lesson, repeated exposure to the
modules is imperative. The need for group studies, on the other hand, is supported by Chiriac
(2013) who claimed a strong scientific support for the benefits of students learning and
working in groups. She posited that when working interactively with others, as common in
group studies, students learn to inquire, share ideas, clarify differences, problem-solve, and
construct new understandings. The study of Cihangir and Coklar (2021) supports the practice
of students in a modular instruction to watch video lessons particularly at Youtube which is
considered as a video learning tool with expected benefits due to its popularity and easy
access. The availability of self-learning modules and accessible video lessons does not lessen
the importance of teacher’s presence in virtual classes. Teachers play a crucial role in



synchronous discussions and the quality of interaction in a virtual classroom is determined by
the instructor and not by technology (Tyrvainen et al., 2021). In the case of the student
participants to the study at hand, they felt the need for confirmation of their own
understanding of the lessons as well as learnings from youtube videos; finality and
confirmation can be found from the teacher’s answers to their questions, thus, the most
common practice of asking questions during synchronous classes was observed.

The results revealed that about 97% of the students often or always experienced having
access to the module anytime, being able to exercise creativity in learning, communicating
for help when needed, and appreciating calculus better. Veletsianos and Houlden in 2019
espoused the flexibility quality of distance education like the modular distance learning as
affording anytime, anyplace learning However, because of reading literacy issues, 57%
experienced difficulty in understanding some of the lessons. A study on students’ reading
difficulty in modular learning (Libre 11l and Decano, 2021) revealed comprehension
difficulty as a challenge which results to boredom because they cannot understand what they
are reading. Seventy percent said they were often anxious while studying which is supported
by the study of Ajmal and Ahmad (2019). They found out the students were anxious during
modular distance learning because they are unable to discuss or share problems with their
instructors on a daily basis. The result of the accomplished survey was in consonance with
the findings of Goldschimd & Goldschimd (1972) that modular learning offers flexibility and
cooperation which was manifested with the need for group studies among the learners.

Students’ Performance Under the Modular Form of Instruction

Employing Jamovi 2.3.13, the pretest and posttest mean scores were collected and checked
for normality using Shapiro-Wilk (p > 0.05). Since normality is established, a two-tailed
paired-sample t-test was done at a = 0.05. The table below shows that a significant difference
exists between the mean scores of the pretest and posttest (perfect score of 160). The
measured effect size using Cohen’s d is 1.83 indicative of mean scores difference of almost
two standard deviations away. This reveals that the significant difference is largely attributed
to the use of the self-learning modules, in particular, the lesson proper which contained the
activity. A study conducted in 2018 (Cramer et al.) suggested that a significant association
existed between module receipt and improved performance. Apparently, students are able to
have a firm grasp and take responsibility of their own learning and become active participants
of their own learning. This was observed among many of the students in calculus under
modular form of instruction who often experienced better understanding of their own
learning, and thus, better metacognition (Domingo, 2023). One of the more common
practices of participants of the fully modular calculus class is to conduct group studies to
discuss concerns, questions, queries for a particular topic module. The discussion allowed
collaboration among the learners as they shared problems encountered and how these
problems were solved and asking other group members for possible solutions if the problems
remain unsolved. The group members practiced collaboration which is a philosophy of
interaction where individuals are responsible for their actions, including learning and respect
the abilities and contributions of their peers (Laal et al., 2012). The modular approach helps
to maximize the chances of students’ participation to fulfill the given tasks at the spot, so the
students feel free to learn in their own style (Sadiq and Zamir, 2014). Despite having to
collaborate with peers in their group study, the use of self-learning modules allows learners to
work independently and without faculty supervision and is beneficial in self-directed learning
(Tohidi et al., 2019).



N =40 Mean Star)dqrd Sig (2-tailed, | Cohen’s d Remark
deviation a =0.05)

Pretest 61.4 28.2 . . i
Significant difference exists
p <0.001 1.83 (largely attributed to the use of
Posttest 128 22.8 SLM)

Table 1. Students’ performance in terms of pretest and posttest scores
Conclusion

Students view modules as printed materials which provides everything about the lessons and
the modular instruction as mode of instruction delivery which entails a lot of reading and
self-study. This perspective warrants various practices to enable distance learning calculus
survival: read the modules several times a week, engage in group studies, watch related
Youtube videos and finally ask the teacher for clarity. These practices seem to work well for
this led to more calculus engagement resulting to a better understanding of the lessons. The
modular form of instruction notwithstanding reading literacy issues provided positive
experiences and significantly improve calculus academic performance without trivializing
teacher’s presence.
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