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ABSTRACT

Students’ achievement of learning competencies in their self-paced learning in asynchronous
online learning posed a challenge. The micro-lectures delivered through ED Puzzle intend to
help students to achieve the learning competencies required in the lesson. This research used
an action research design, and mixed-method investigation to determine the effectiveness of
the use of micro-lectures via ED Puzzle in delivering the lessons in Mathematics during an
asynchronous online class to improve students’ achievement of its learning competencies.
This study utilized purposive sampling to select its participants from Grade 11- Integrity
Science Technology Engineering and Mathematics (STEM) students in Bukidnon State
University-Secondary School Laboratory during the second semester of the school year
2021-2022. A researcher-made questionnaire and open-ended survey questions were used to
gather the needed data for the study. The data were analyzed using mean, paired t-test, and
thematic analysis. Results showed that watching micro-lectures helped improve the level of
competence on the differentiation rules among the students from “did not meet expectations”
to “very satisfactory.” It revealed that there is a significant difference between pre-test and
post-test scores based on paired t-tests. Meanwhile, the data from the open-ended questions
indicated the experiences of the students in using micro-lecture via ED Puzzle that include
content-rich micro-lectures, high learning engagement, provides flexibility in learning, and
open new learning delivery experiences. Based on the findings, the researchers suggest that
teachers should explore varied modes of learning delivery to improve the achievement of
learning competencies in Mathematics and give utmost consideration to the learners’ needs
in asynchronous online learning. Thus, technology integrated with thoughtful discourse and
pedagogies of a teacher promises a positive impact on the teaching and learning experience
amidst the pandemic.

KEYWORDS: micro-lecture, ED Puzzle, instructional videos, learning competency,
differentiation rules, asynchronous online learning
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INTRODUCTION

Mathematical competencies are useful in dealing effectively with mathematical problems in
daily life. It allows people to productively use their mathematical knowledge in applied and
practical situations. Moreover, it is beneficial to the students that they are well-equipped with
mathematical learning competencies. Learning competencies as defined by the Department of
Education (DepED) are the “knowledge, understanding, skills, and attitudes that students
need to demonstrate in every lesson and/or learning activity”. Students need these
competencies to expand on what they already know, how they think, and what they can do.
Hence, these are what they need to know in order to build the skills needed for their
subsequent grade level and eventually develop life-long learning and use it meaningfully.

There were rapid changes brought about by the global pandemic, however, the importance of
core topic competency and mastery in mathematics cannot be underestimated (Luzano,
2020). The 2018 Program for International Student Assessment (PISA) results revealed that
the Philippines scored 353 in mathematics, ranked bottom among the 79 countries of the
Organization for Economic Co-operation and Development (Mocon-Ciriaco, 2019). The
promotion of students without achieving competencies needed for the level is one of the
factors of having a poor math performance (Luzano, 2023). In addition, the lack of mastery
and learning among students on some learning competencies contributed to poor performance
during National Achievement Tests and other related assessments (Linog, Lahoylahoy, &
Alguno, 2013). The declining performance of Filipino students in mathematics triggered the
need to elevate the quality of mathematics education in the Philippines (Luzan0 & Ubalde,
2023).

The abstractness of mathematics plus the sudden shift of face-to-face to distance learning
posed serious effects for the learners (Pang-an, et al., 2022). As a scenario, if a class schedule
only allows for one synchronous online session per week, teachers and students will expected
to rely increasingly on asynchronous learning to complete the curriculum (Aranzo, et al.,
2023). With this, students will be forced to practice self-regulated learning with little
guidance from their teachers, which may result in feelings of isolation and a lack of
enthusiasm in learning (Russo & Benson, 2005). Therefore, the online learning materials
should serve to be effective in delivering the lessons in a manner that is clear and appropriate
to learners’ needs or else a poorly designed online learning materials will create another
problem to learners such as confusion (Mayer, 2014; Kizilcec et al., 2015; Casanova, et al.,
2023).

In the context of Bukidnon State University-Secondary School Laboratory during the series
of teaching demonstration conducted by the researchers, they found out that several students
experiencing difficulty in achieving the learning competencies in mathematics. About 51% of
the class was not able to achieve the learning competencies. Hence, the cyclical process of
action research was deemed necessary and appropriate to address the current learning gaps.

The principles of cognitive load theory have been effectively applied to the development of
multimedia learning resources for use in online learning (Mayer & Moreno, 1998). The
cognitive load theory states that the human mind can only process very few information at a
given time (Sweller, 2003). Hence, long video lectures, for example, that jam too much
material into a multimedia presentation, actually hinder the mind's ability to create
meaningful learning (Mayer, 2014). In addition, Climient et al., (2013) reported to be useful
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to replace academic approaches in math education with active techniques and modern
technology such as videos. In fact, extensive studies on video-assisted learning have found
that vicarious learning is recommendable (Bandura, 1971). Results shows that there is a
tendency of students to understand better by observing others than by doing it by themselves.
A total of 53 peer-reviewed papers showed that video helped students comprehend concepts
and ideas better, which led to improved results (Kay, 2012).

To bridge the current learning gaps, micro-lecture was utilized. Liu & Wang (2013)
summarized the definition of micro-lectures as a short video presentation that sharply focuses
on a specific topic, teachers make it to fit the students’ needs, and it is in line with the
learning competencies they must achieve. The video lecture should last appropriately 5-10
minutes, with a minimum of 1-2 minutes and a maximum of no more than 20 minutes (Peng,
2019). According to Wei, Qiu, and Yu (2017), micro lectures are different from other
educational videos in a way that a) it encourages fragmented learning, b) it enables students
to concentrate due to its short runtime, ¢) it only concentrates on certain parts of the lesson to
allow more focus, and d) it supports mobile-learning due to its small file size. Oktaviyanthi
and Herman (2016) concluded the positive effect of micro-lecture in utilizing the self-pace
learning in Calculus among students that they are not only improving of their own learning,
but additionally they are more engaged in learning and changed the way they learn more
independently. A parallel study was undertaken by Kinnari-Korpela (2015) who utilized
micro-lecture in enhancing the mathematics learning-experiences on differential and integral
calculus course for engineering students. The findings showed that 89% of the students felt
the meaning of mathematics’ learning through video, they have more time to think and
understand the content. Moreover, the study suggested that the use of short videos is suitable
method to present mathematics contents. Meanwhile, Cui (2020) accentuated that the
integration of micro-lecture enhances students’ interest in learning and improve students’
ability of mathematical communication and reflection. Hence, micro-lecture could be an
appropriate content delivery for asynchronous learning.

Meanwhile, the micro-lectures were also uploaded in an educational platform called ED
Puzzle that will additionally help students to achieve their learning competencies. ED Puzzle
is an educational platform that allows teachers to make use of videos to facilitate an
interactive and engaging learning session. The tool makes it viable to do the following: edit
videos and insert questions (formative assessment), audio, test and links if necessary. On the
study conducted by Kuckian et al., (2022) entitled, Utilization of ED Puzzle: An interactive
tool in teaching practices, there is a potential brought by ED Puzzle activities that solidifies
its role in strengthening self-regulated skills of students. It further showed that the activities
allow low achievers to learn those skills. It also helps in increasing development of
mathematical, analytical, and cognitive skills. The same result was reported by Giyanto et al
(2020) that EdPuzzle can improve students’ concept mastery and effective on online
asynchronous learning. Thus, it serves to equip the learners with adequate competence,
ability, and skills that last outside the classroom.

Having discussed the current conditions, the aim of this action research is to determine the
effectiveness of the use of micro-lectures via ED Puzzle in delivering the lessons in
mathematics during an asynchronous online class to improve the achievement of learning
competencies among Grade 11- Integrity Science Technology Engineering and Mathematics
(STEM) students in Bukidnon State University Secondary School Laboratory during the
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second semester of the school year 2021-2022. Moreover, this study limits only on the lesson,
differentiation rules in Basic Calculus to be delivered in the implementation of the study.

INNOVATION, INTERVENTION, AND STRATEGY

This project was developed on the construct that the lesson should be delivered easily, but
meaningfully to assist students in achieving the learning competency required of the lesson.
Henceforth, the researchers, propose the use of micro-lecture via ED Puzzle. The said
intervention material is a video-based instructional tool developed by the researchers that was
modified in such a way that the learners will have the hands-on experience of doing the
specific competency in Basic Calculus. The researcher-developed intervention tool was
composed of: (1) lecture area and (2) formative assessment area based on the learning
competency. The lecture area aims to bring the students to its substantial discussion of the
topic to help them acquire adequate knowledge towards the achievement of the learning
competency. Meanwhile the formative assessment area (multiple choice and open-ended
questions) measures the students’ mastery of the learning competency required of the lesson
by using an interactive learning approach provided by the ED Puzzle. The implementation
first required the preparation of micro-lectures about differentiation rules in Basic Calculus
by following existing literatures discussing about its development and design-elements that
help in reducing cognitive load among learners. The micro-lectures were uploaded in the ED
Puzzle to modified it. ED Puzzle was utilized in the duration of implementation to monitor
the students’ self-regulated learning. Through ED Puzzle, the researchers inserted an
appropriate assessment tool in the video that is aligned to the learning competency of the
lesson.

Developing of Micro-Lectures

The researchers followed the rules established by Penrose (2008), who stressed the video's
very short runtime as its distinguishing attribute in creating and delivering the micro-lectures.
Other practitioners' additions to the format, such as the addition of graphical components to
make it more engaging, were also taken into account (Yang, Zhang, & Tian, 2016). The
micro-lectures should, above all, conform with the learning theories that it promotes. Due to
this, the researchers followed a checklist developed in accordance with the frameworks of
Mayer and Moreno (2003) in how to design multimedia presentations that reduce cognitive
load. The said checklist, entitled A Research-Based Checklist for Development and Critique
of STEM Instructional Videos (Seethaler, et al., 2020), was used by the researchers in the
different facets of micro-lecture development. A framework of the development process by
Francisco & Prudente (2021) as shown below was adapted.

The first stage in creating micro-lectures is to write a script (Liu & Wang, 2013). The
researchers used the DepEd’s MELCs to identify the learning competencies of the topic
differentiation rules in Basic Calculus that should be included in the video. The researchers
used a smartphone capable of recording in resolution of 2k in capturing the scenes and
recording the discussion. The PowerPoint presentation was also utilized to create an animated
slide. In assembling everything into a coherent presentation, a video editor called Movavi
was used. Then the videos were validated by the three (3) mathematics teachers who are
experts in content-knowledge and multimedia presentations. After completed, the videos
were shared to the students via ED Puzzle.
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Figure 1. Framework for micro-lecture development

Implementation

The implementation ran for three (3) weeks which covered the third week of March 2022 to
the second week of April 2022. It utilized an asynchronous online session. The researchers
oriented the participants during synchronous period for basic calculus using Zoom video
conferencing. This was when the pre-test, which was encoded using google forms, was
shared to the students through a URL link. The students’ progress on watching the micro-
lecture videos were monitored through ED Puzzle. No exact deadlines were set for them to
finish the videos, only that they were expected to finish everything in a span of three (3)
weeks. The post-test served as the quiz that covered the lesson about differentiation rules.
Due to similarity with the pretest in structure and specification, the questions were shuffled.

RESEARCH QUESTIONS

The action research determined the effectiveness of the use of micro-lectures via ED Puzzle
in delivering the lessons in mathematics during an asynchronous online class to improve
students’ achievement of its learning competencies. It also aims to answer the following
research questions:

1. What is the students’ level of competence on differentiation rules before and after
viewing micro-lectures via ED Puzzle?

2. Is there a significant difference between the students’ level of competence on
differentiation rules before and after using micro-lectures via ED Puzzle?

3. What are the students’ learning experiences in using micro-lectures via ED Puzzle?

ACTION RESEARCH METHODS

An action research design, mixed method investigation was employed on this study.
Participants and/ or other Sources of Data and Information
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This study was conducted in Bukidnon State University-Secondary School Laboratory
(BukSU-SSL) among the Grade 11-Integrity Science Technology Mathematics and
Engineering (STEM) students who were chosen as the participants of the study. However,
only 20 students voluntarily participated in the conduct of the study. Hence, purposive
sampling was employed. The said section has an asynchronous class to complete the
curriculum. Commonly, during the asynchronous class, recorded lecture videos about the
topic were uploaded to the Google Classroom for their reference that less than or more than
an hour. Thus, students were bombarded with too much information, cannot interact in real-
time, and the teacher cannot assess if the student do the interactive activity in the recorded
lecture video to achieve the target competency. So, the researchers made ways to help the
students to achieve the mathematical competencies by having short videos delivered in an
interactive way.

For ethical consideration, participants’ informed consent was obtained before data collection
in which no force will be made to compel them to participate, assuring that their anonymity
and responses will be secured.

Data Gathering Methods

A researcher-made questionnaire and open-ended survey questions were used as the
instrument to gather the data needed in the study. These were validated by experts. The 20-
item researcher-made questionnaire was utilized for gathering quantitative data in the pre-test
and posttest while the open-ended survey questions inserted in the micro-lecture videos
posted in the ED Puzzle was used to gather qualitative data. On the other hand, the micro
lecture videos used were validated by the three (3) mathematics teachers who are experts in
multimedia presentations and content-knowledge. After finalizing the material, the study was
started.

In measuring of the participants’ level of competence on differentiation rules, the researchers
converted the obtained mean scores in the pre-test and posttest of the students into its
equivalent grade using the Performance Indicators Rubrics adapted from BukSU-SSL
(DepEd Order No. 8 s, 2015) as measurements on the learning competencies. The table below
was utilized to interpret the scores and classify the level of competency of the participants.

Table 1. Classification of the Level of Competence and its Interpretation

Grading Descriptor Interpretation
Scale
90-100 Outstanding The student has an outstanding

performance in all key learning domains:
Knowledge, Skills and Affective.
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The student has a very satisfactory
performance in all key learning domains
and acquired and developed the basic
knowledge and skills and able to have a
transfer of knowledge.

The student has a satisfactory performance
in all the key learning domains and
developed the fundamental knowledge and
skills and core understanding of the topic.

The student has an unsatisfactory
performance in the key learning areas
possesses the minimum knowledge and
skills and core understandings but needs
assistance and remediation.

The student at this level has the difficulty
with his/her understanding concepts and
has never acquired the basic skills and
competencies needed.

Since this study followed a descriptive research design, the comparison of the two mean
scores in the pre-test and post-test was conducted using a paired t-test to identify its
significant difference. Meanwhile, the data gathered from the open-ended survey questions in
Ed Puzzle served as a source for the students’ views about using micro-lectures via ED
Puzzle. Thematic analysis was used to analyze and interpret the data.

DISCUSSION OF RESULTS AND REFLECTION

This chapter discusses the data gathered during the implementation of the study.
Table 2. Students’ Level of Competence on Differentiation Rules Before and After viewing

Micro-lectures via ED Puzzle

Mean Score Grade Descriptor %
Equivalent Difference
Pre-test 11.2 55 Did Not Meet 54.46%
Expectations
Posttest 17.3 85 Very Satisfactory
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The table above prevails the students’ level of competence on differentiation rules before and
after viewing micro-lectures via ED Puzzle. It is observed that before the students view the
micro-lectures via ED Puzzle their level of competence is did not meet expectations.
However, after the students viewed the micro-lectures via ED Puzzle their level of
competence changed to very satisfactory. Moreover, there is a percent difference of 54.46%
on their mean score in pre-test and posttest. Therefore, it indicates that their level of
competence on the differentiation rules has improved after viewing the micro-lectures via ED
Puzzle.

This result is correlated on several studies’ findings that micro-lecture enhances students’
understanding on calculus (Oktaviyanthi & Herman,2016; Kinnari-Korpela 2015) at the same
time ED Puzzle can improve students’ concept mastery and effective on online asynchronous
learning (Giyanto et al.,2020). Moreover, according to studies done by Lewis (2019) that
video, narrative, and presentation slide stimulation has an essential role in developing
students' metacognition abilities. Therefore, the combination of micro-lecture and interactive
educational platform is effective in improving the achievement of learning competencies in
differentiation rules in an asynchronous online learning.

Table 3. Significant difference between the students’ level of competence on Differentiation
Rules before and after using micro-lectures via ED Puzzle

Paired Differences t df Sig. Interpretation
(2-
tailed)
Mean SD SEM 95%
Confidence
Interval of the
Difference

Lower Upper

Pretest - -6.1 4.483 1.002 -8.198 -4.002 -6.086 19 .000 Significant

Posttest

Reflected on the table above is the statistical significance between the students’ level of
competence on differentiation rules before and after using micro-lectures via ED Puzzle. It
revealed that it obtained a p-value less than 0.05, hence the null hypothesis is rejected.
Moreover, this implies that there is sufficient evidence that there is a significant difference
between the students’ level of competence on differentiation rules before and after using
micro-lectures via ED Puzzle.

This result suggests that the micro-lectures helped in the students’ conceptual understanding
of differentiation rules as indicated by the increase in their test scores. This is in lined with
the studies that proved that it has a positive effect on students’ achievement of learning
competencies (Sweet, 2014; Song, 2016; Cai, Li & Li, 2016).
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Students’ Learning Experience in Using Micro-Lecture via ED Puzzle
Table 4. Thematic Analysis on the Students’ Learning Experiences on Using Micro Lecture
via ED Puzzle

Significant Statement Code Theme
It is informative and Informative and executed Micro-lectures are
executed good teaching good teaching content-rich.
which helps to Dbetter
understand the

differentiation rules.

The delivery is fun,  Fun, engaging, and easy to High learning
engaging, and easy to follow engagement
follow with a follow up

open-ended questions.

Provide enough time to Enough time Flexibility in learning
study the lecture.

Provides new learning New learning delivery New learning experience
delivery that suits for self-
paced learning.

The result of the analysis as shown on the table above yielded some interesting findings. The
major theme that emerged were content-rich micro-lectures, high learning engagement,
provides flexibility in learning, and opens new learning experience.

a. The micro-lecture is content-rich.

The students acknowledged that the learning material is informative and executed good
teaching that helped them in understanding the lesson way better about differentiation rules
despite of its level of difficulty. This supports the theory that working memory capacity is
limited and that processing too much information at once overwhelms it. Aside from that, the
presentation is streamlined by including exact contents that are thought necessary. This
follows the structure established by Mayer and Moreno (1998, 2003).

b. It provides high learning engagement.

Students claimed that they found it fun and engaging. The follow-up open-ended and
multiple-choice questions allow them to reflect on their learning and raise their questions
real-time. Moreover, seeing the teacher gave the lecture a more personalized ambiance,
wherein they had the impression that the teacher was actually talking to them. As a result,
they were more attentive and engaged in the discussion. Furthermore, this is consistent with
research that shows instructor-created videos boost student engagement and perceived value
of the subject (Draus, Curran & Trempus, 2014).
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c. It provides flexibility in learning.

The videos’ short runtime allowed the students to do repeated viewing and the
segmentation of the lessons allowed intervals between times of learning. The six (6) micro-
lectures were watched by the students in a time span of three weeks. Within this period,
students were given the freedom when and how they want to watch. This type of learning
setup appealed to the students because it did not put so much pressure on them to complete
the required tasks and it also gave them the liberty to concentrate on one micro-lecture to
develop mastery before moving to the next. This corroborates on the findings of Webster et al
(2021) that this kind of learning delivery aided mathematical learning of the student in this
current situation.

d. It provides a new learning experience.

Students viewed micro-lecture via ED Puzzle as a new learning delivery experience that they
like because it helped them learn on their own pace. In like manner, Alvarez (2020) inferred
that video-based interaction tools in asynchronous classes allow instructors to connect with
students when they are learning alone, adding value to their own or others' visual content.
Meanwhile, Cui (2020) accentuated that the integration of micro lecture enhances students’
interest in learning and improve students’ ability of mathematical communication and
reflection. In addition, this strengthens the claim of Kuckian et al., (2022) that ED Puzzle has
an important role in self-regulated skills of students. Hence, meaningful learning is achieved
even on a self-pace learning mode.

Based on the findings, teachers are encouraged to explore varied mode of learning delivery to
improve the achievement of learning competencies in mathematics in an asynchronous online
learning. Teachers should always consider the learning needs of the students in the current
learning environment. Moreover, the result of this study encouraged teachers to try using
micro-lecture via ED Puzzle in delivering the lessons in an asynchronous class not just in
mathematics but also on the other subjects. ED Puzzle helped to improve teaching efficiency
in an online asynchronous class (Cui, 2020). Therefore, the integration of technology plus the
innovative mindset of the teacher promises a positive impact towards the teaching and
learning experience amidst the pandemic.

CONCLUSION

This research study utilized micro-lectures delivered through ED Puzzle to address the
challenge of students’ achievement of learning competencies in self-paced, asynchronous
online learning. The study employed an action research design and mixed-method
investigation to determine the effectiveness of this approach in improving students'
achievement of learning competencies in Mathematics. The results revealed that watching
micro-lectures significantly improved the students' competence level, as demonstrated by a
shift from "did not meet expectations™ to "very satisfactory" in the differentiation rules. The
data from open-ended survey questions highlighted positive experiences such as content-rich
micro-lectures, high learning engagement, flexibility in learning, and new learning delivery
experiences. Therefore, the findings suggest that teachers should explore diverse modes of
learning delivery, incorporating technology and thoughtful pedagogies, to enhance the
teaching and learning experience, particularly in the context of asynchronous online learning
during the pandemic.
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RECOMMENDATION

Based on the findings of this research study, it is recommended that teachers may embrace
and integrate varied modes of learning delivery, particularly in the context of asynchronous
online learning, to enhance students' achievement of learning competencies in Mathematics.
The use of micro-lectures via ED Puzzle proved effective in improving students' competence
levels, as evidenced by the significant shift from "did not meet expectations" to "very
satisfactory" in the differentiation rules. The positive experiences reported by students,
including content-rich micro-lectures, high learning engagement, flexibility in learning, and
novel learning delivery experiences, further support the integration of technology with
thoughtful discourse and pedagogies.

Therefore, teachers may prioritize the learners' needs in asynchronous online learning and
leverage technology as a valuable tool to create a positive impact on the teaching and
learning experience amidst the ongoing pandemic. By adopting innovative approaches,
educators can better support students in achieving their learning goals in Mathematics and
beyond.
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