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ABSTRACT

Due to the necessity to continue learning even during the pandemic, schools opened utilizing distance
learning modalities. However, there is a dearth of evidence on the effectivity of this modalities in physics.
In this study, we investigated the effects of three physics distance learning modes; the module-only (MO),
virtual lab plus module (VLM), and the physical lab plus module (PLM) classes in physics achievement and
metacognition employing the pretest-posttest and repeated measures research designs. All learning modules
used were in digital formats sent through free messaging platforms. Analysis of data includes paired samples
t-test, one-way ANOVA, repeated measures ANOVA, and independent samples t-test. Results revealed that
all three distance learning modes have significantly higher post-test than pre-test scores. Further analysis
showed, however, that only VLM had significantly higher gain scores than MO. Initially, at pre-MO and
post-MO administrations, male students had significantly higher metacognition but this diminished after
they perform both virtual and physical labs. It was in post-PLM where students have significantly better
metacognition than pre-MO and post-MO. This study showed that not only do physical and virtual labs
supplement distance modular learning, they are also complementary that both must be used in distance
learning.

Keywords: Distance learning, distance physical lab, distance virtual lab, distance physics lab, modular
distance learning, metacognition, physics achievement.

INTRODUCTION

Delivery of education in the world is put into test when the pandemic caused by COVID-19 spread across
the globe in the early part of year 2020. Billions of students across many countries were affected. Classes in
Philippine basic education that usually concludes late March or early April were forced to end, mostly without
final exams. No classes of any sort were conducted for several months until the Department of Education
(DepEd) drafted its Basic Education Learning Continuity Plan (BE-LCP). Here, the department in-charge
of the country’s basic education concluded that schools must open due to the risks marginalized children face
as school disruptions continue such as the increasing likelihood of their not going back to schools. However,
only distance learning modes are allowed due to government restrictions on any gatherings. Choices can
be classified into online, modular, homeschooling or combinations thereof. Most public schools opted for
printed modular learning mode due to learners’ lack of internet connectivity and computers (DepEd 2020).

Distance learning, although argued to be different with distance education by various authors (e.g. (Cropley
and Kahl 1983; Holmberg 1989; King et al. 2001), will be treated as the same in this study. Both will be
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described as an “umbrella” term for all learning modes where teachers and learners are separated in space
(Holmberg 2005). Such learning may be done through TV or radio, printed materials, telephone or through
internet. Distance learning have vast history of practice that can be traced back more than a hundred years
ago (Spector et al. 2014). Although, in earlier times, it was criticized to be slow and ineffective because then,
correspondence were through postal offices (Bernard et al. 2009). On the other hand, printed modular
distance learning being used by most Philippine public schools involves the giving of printed modules to
learners to which they will study and answer at home for a week. Parents receive and return modules in
schools at some scheduled day usually every Monday.

The Senior High School (SHS) department in Aurora State College of Technology (ASCOT) employed
a slightly different approach called digital modular distance learning (DMDL). Electronic copy in static
PDF format of modules is sent to students through free messaging platforms to which they can download
and answer in a week. Answers are accepted in any form, but students send pictures of their handwritten or
encoded works through the same media. Because teaching and learning happens through electronic means,
a cellphone, a laptop or a desktop, this mode may also be called e-learning (Guri-Rosenblit and Gros 2011).
One major difference between DMDL and e-learning is the use of learning management systems where
lessons are viewed, and outputs are uploaded by the students. Use of such systems may be more superior in
several ways except that DMDL is a lot less costly as it uses less internet data for connection — an important
consideration because ASCOT SHS is populated mostly by students that belong to families with low income
(Padios et al. 2021). On the other hand, if online learning is implemented to students from low-income
families, they may not like it not because of its quality but because of its affordability and accessibility causing
them to have negative perceptions which will affect their learning satisfaction (Dastidar 2021). Although
nothing in the literature yet had studied our version of digital modular distance learning, some studies on
e-learning demonstrated effectiveness in distance learning (e.g. Encarnacion et al., 2021; lancu et al., 2021).
Hence, even with a seemingly unexplored learning mode, hopes were taken from almost similar proven ones.

However, some subjects just need laboratory activities for a more effective instruction, one of these is physics.
It is just difficult to teach physics without lab because during face-to-face (F2F) or in-person classes, use
of lab in instruction resulted to positive results in terms of science achievement as well as attitude towards
science (Wang et al., 2015; Wen et al., 2020; Xu et al., 2020, and; Zacharia & Olympiou, 2011). Therefore,
it is but imperative that alternative for F2F labs be tried.

Solutions to distance physics labs can be in the form of hands-on distance lab or take-home lab, remote lab,
and computer simulation or simply virtual lab. Hands-on distance lab involves physical experimentation but
done at home. Impact of hands-on distance lab were found to be no different from hands-on F2F lab but
students in the distance lab feel that what they do is less scientific (Moosvi, Reinsberg, and Rieger 2019).
Remote lab involves manipulation of equipment that is in school, or other laboratories, by students studying
at home via the internet. Such labs employed in the past have demonstrated good results in the teaching and
learning process (Heradio et al., 2016; Morales-Menendez et al., 2019, and; Viegas et al., 2018). However,
aside from being expensive and complicated, these labs were also employed in higher education institutions
specializing in engineering courses whose students are expected to be computer program literates, it is
their trade. Finally, use of computer simulations or simply virtual lab involves manipulation of objects in a
computer program that simulates what happen in real life. Studies that explored the effectivity of virtual lab
showed that it is at least equal to or better than a physical lab (e.g. Puntambekar et al., 2021; Pyatt & Sims,
2012). These studies however were employed in an F2F classroom setting under the direct supervision of
a teacher. In a learning mode during the pandemic, learning environment as well as work dependence had
changed, hence the interest of the current study.

Several studies have measured the effectiveness of doing labs in the past and the most common measure is the
students” achievement scores (e.g. Hamed & Aljanazrah, 2020; Wan Ab Kadir et al., 2021). This directly tells
us how much was learned through a laboratory intervention compared to some control treatment, usually
traditional practices. Coupled with achievement is also the measure on the changes of students’ attitudes
after going through a proposed lab (e.g. Fox et al., 2021; Van De Heyde & Siebrits, 2019). Such practice
of monitoring changes in students’ attitude is as important with achievement because it also matters when
one enjoys learning. Fast growing measures after lab instruction are changes in students’ learning constructs
such as metacognition and self-efficacy (e.g.Carpendale & Cooper, 2021; Haeruddin et al., 2020; Jones et
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al., 2021; Salar & Turgut, 2021). Metacognition, mostly defined as one’s “ability to think about its own
thinking,” is the learners’ awareness and control in their ways of understanding. The importance of this
construct relies on the hope that learning can be improved with students of any cognitive level (Thomas
and McRobbie 2001). On the other hand, self-efficacy is a “person’s particular set of beliefs that determine
how well one can execute a plan of action in prospective situations” (Bandura 1977). A high self-efficacy
in learning physics for instance enables learners to believe they can grasp even the hardest concepts. Later
studies have also demonstrated how self-efficacy predicts science achievements (Sagun and Prudente 2021).
Both self-efficacy and metacognition are measured in an instrument called self-efficacy, metacognition, and
learning inventory in science (SEMLI-S) developed by G. Thomas et al. (2008), in this study shall only be
termed metacognition. The current study is then steered towards evaluating the effects of distance learning
modes on physics achievement scores and metacognition.

PURPOSE OF THE STUDY

During the course of learning under the pandemic, universities and schools have realized the power of distance
education, not only as a remedy for emergency in education, but also as a conscious choice for learning.
Since laboratory experimentation is an integral part of teaching physics (American Association of Physics
Teachers 1998), the current study is then aimed to evaluate the effectiveness of distance learning initiatives
which includes distance physical and virtual lab in learning early lessons in General Physics I of ASCOT
SHS students in Science, Technology, Engineering and Mathematics (STEM) strand, i.e. kinematics, and
the laws of motion. In response to the growing call for equality among sexes, and because many researchers
reported attitude and achievement gap between this group (e.g. Espinosa et al., 2019; Stoeckel & Roehrig,
2021), scores of male and female students shall also be compared to decide whether these distance learning
initiatives give equal opportunities. Specifically, this study aims to:

1. Determine if there is a significant difference in the physics achievement of SHS STEM students when
exposed in the following distance learning modalities:
1.1. Module-only class (MO)
1.2. Distance virtual laboratory plus module class (VLM)
1.3. Distance physical laboratory plus module class (PLM)

2. Determine if there is a significant difference in physics achievement of male and female SHS STEM
students when exposed in the different distance learning modalities.

3. Determine if there is a significant difference in the physics learning metacognition of SHS STEM
students when exposed in the following distance learning modalities:

1.1. Module-only class (MO)
1.2. Distance virtual laboratory plus modular class (VLM)
1.3. Distance physical laboratory plus modular class (PLM)

4. Determine if there is a significant difference in physics learning metacognition of male and female
SHS STEM students exposed in the different distance learning modalities.

METHODS

To measure the effects of each distance learning modalities being investigated, the Module Only (MO),
Virtual Laboratory plus Module (VLM) and Physical Laboratory plus Module (PLM), we employed the
pretest-posttest and repeated measures research designs. Although with threats to validity, pretest-posttest
research design is employed t'o test the effectiveness of a teaching intervention due to some of its strengths
such as its being cost-effective and it addresses ethical issues in learners” assignment of treatment or control
(Tan-lei and Zhu 2018). Repeated measures, on the other hand, is appropriate when comparing two or
more teaching strategies on the same students (Salkind 2010). Figure 1 shows the conceptual framework
of the study where Physics Achievement was measured by three different Physics Achievement Tests (PAT)
while Metacognition was measured by the Self-efficacy, Metacognition and Learning Inventory in Science

(SEMLI-S).
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Pre-test Learning Modes Post-test

Module Only (MO) . Physics Achievement Test 1
SEMLI-S

Physics Achievement Tests Virtual Lab + Module (VLM) .——Physics Achievement Test 2
Sl SEMLI-S

Physical lab + Module (PLM)— -~ Physics Achievement Test 3
SEMLI-S

Figure 1. The conceptual framework of the study

Learning modules being referred to in this study are in the form of static PDF following an inquiry-based
learning. These modules are sent to students via messaging platforms every Monday. Scheduled sending of
modules like this is highly advantageous to students as they can plan to buy mobile data subscriptions once
in a week. They can buy the cheapest subscription that ranges from Php 30.00 to Php 50.00 (USDO0.60
to USD1.00). Guided inquiry approach was used in both laboratory activities. Students were only given a
“challenge prompt.” One example of a challenge prompt during the virtual laboratories was “Discuss factors
affecting the range of a projectile.” During physical laboratory, one challenge prompt used was “What
happens when a force is applied slowly? quickly?” The module was a self-learning module developed by the
physics teacher, who is also the first author, following the format: Activity, Discussion, Input, Application,
Synthesis, and Evaluation.

Physics lessons covered were in kinematics and the laws of motion in dynamics. Under MO, the topics
covered were uniform motion and accelerated (both horizontal and free fall) motion. Projectile motion and
the law of acceleration were covered in the VLM while in PLM, the laws of inertia and interaction. The
whole duration of the study lasted for almost three months.

Participants

This research was conducted during the pandemic caused by the corona virus disease 2019 (COVID-19)
at the Senior High School (SHS) department of Aurora State College of Technology (ASCOT) where the
only mode of classes possible is a distance learning. ASCOT SHS is in the province of Aurora located at
15.7336° N, 121.5713° E. Aurora is geographically north of Luzon but in territory belongs to Central Luzon
or Region III in the Philippines. Currently inhabited by more than 235 000 Filipinos, Aurora is a rural
community in the foot of Sierra Madre Mountain ranges and along the coast of the Pacific.

Grade 12 Science, technology, engineering, and mathematics (STEM) students who are taking General
Physics I were the participants in this study. All students initially participated, however, out of 32, one of
them dropped-out of the roll due to online game distractions while another was not able to answer and
submit modules until late in the semester. There was a total of 30 willing and volunteer participants: 19 of
them are male while 11 are female. A letter, a confidentiality statement and a consent form explaining the
content of the research and voluntary participation were signed by both parents and students.

Research Instruments

The modules used followed the “Activity, Discussion, Input, Application, Synthesis, and Evaluation” format.
Preliminary phases of the module are meant for discovery of knowledge using an inquiry approach. All
answers for each activity are provided except for the evaluation part. Each module used was subjected for
content and grammar critiquing by professors at the same college.
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Metacognition as a learning theory does not influence learning alone (Thomas and McRobbie 2001).
Learning is influenced by metacognition together with other constructs thus, an instrument must encompass
these considerations. An instrument called Self-efficacy, Metacognition and Learning Inventory — Science
(SEMLI-S) developed by G. Thomas et al. (2008) fits this criteria, hence its adaptation with permission in
the current study. The only change in inventory is that “science” is changed into “physics.” The inventory
composed of 30 statements: five statements for learning risks awareness (e.g. “I am aware of when I am
about to have a learning challenge.”), seven for cognitive connectivity (e.g. “I seek to connect what I learn
in my life outside of class with science class.”), three for control of concentration (e.g. “I adjust my level of
concentration depending on the difficulty of the task.”), nine for monitoring, evaluation and planning (e.g.
“I stop from time to time to check my progress on a learning task.”) and six stems for self-efficacy (e.g. “I
believe I will receive an excellent grade in this course.”).

Achievement in physics was measured by a teacher-made test called Physics Achievement Test (PAT). There
were three PATs used: PAT1 for uniform motion and uniformly accelerated motion, PAT?2 for projectile
motion and law of acceleration and PAT?3 for the laws of inertia and interaction. Multiple choice questions
from each PATs were selected from the summative tests given to STEM students for the past three years.
The criteria used in choosing the questions were (1) higher order thinking level of questions from Bloom’s
Taxonomy of Objectives, (2) difficulty index that ranges from 0.30 to 0.70, and (3) the average difficulty
must be approximately equal across each PATs. Given these criteria, 25 questions for each PAT were chosen
with a difficulty index of 0.34 to 0.65. PAT1 had an average difficulty index of 0.486, PAT2 with 0.493
while PAT3 had 0.478. Analysis of variance showed no significant differences with these indices hence, the
three tests had statistically equal difficulty. Questions were subjected for construct validity test by a professor
in the education department. After carrying out the suggestions, the physics achievement test was finalized.

Data Collection and Analysis

All PATs and the SEMLI-S were pre-tested before classes started. First two lessons were measurement and
vector quantities delivered in modular format, this can be regarded as the “getting-to-know” phase. Only

after students finished studying two more modules which contain uniform motion, acceleration and free-fall
motion was the PAT1 and SEMLI-S post-tested.

Participating students were trained on how to conduct laboratory activity using the guided inquiry approach.
First, a video tutorial prepared by the teacher was sent to them. The next day, a sample challenge prompt
was given which they will answer by conducting a virtual laboratory using an appropriate PhET interactive
simulations, a freeware downloadable for both computers and android phones. They were asked to write
down the procedures they did, present the data they gathered in a table or graph, interpret it then provide a
conclusion which should answer the challenge question. Their papers were checked and commented on. On
the third day, the instructor showed two possible ways to experiment (this serves as the “answer key” for the
sample prompt), present the data and drew conclusion in the given exercise. It was on their second attempt
that most of them mastered doing an experiment without a procedure, only a challenge prompt. Still, the
teacher showed possible ways on how to conduct the experiment and prepare a laboratory report.

After the training, the first challenge prompt included in this study was sent which they answered by
experimenting using the appropriate PhET interactive simulation. They had to send their laboratory report
first before they receive their module. There were two challenge prompts they answered for two weeks: one
for projectile motion and another for law of acceleration. After these lessons, PAT2 and SEMLI-S were
administered.

On the third and fourth challenge prompt, students had to answer by experimenting with real objects. Some
assistance such as providing hints and answering questions were provided here by the instructor as some of
them had difficulty innovating and designing experiments. Laboratory reports still followed the same format
and means of submission. However, the teacher required that evidence for the conduct of the experiment
such as a video or a picture must accompany the lab report. After receipt of each report, modules were sent

for them to study. Finally, PAT3 and SEMLI-S were administered.
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The results of each PAT and SEMLI-S were tabulated and analyzed, measures of central tendency and
standard deviations were calculated. PAT results were analyzed using paired samples t-test for the significant
differences between pretest and posttest scores in each distance learning. For additional insights from this
dataset, we also analyzed gain scores using one-way analysis of variance. Comparison of physics achievement
gain scores between male and female participants was performed using independent samples t-test.

SEMLI-S data was analyzed using a one-way repeated measures ANOVA; Bonferroni post-hoc analysis
was performed to further inspect significant differences between each learning mode. Finally, comparison
between SEMLI-S scores of male and female participants were performed using the independent samples
t-test.

FINDINGS

This study aimed to determine the effects of each distance learning modalities on students’ physics
achievement scores and metacognition. We administered all pretests during the very first day of class opening
then posttest after a conduct of each learning mode. During the first four weeks, classes were purely modular
(MO). On the sixth and seventh week, MO classes were preceded by a conduct of virtual labs. On the ninth
and tenth week, it was preceded by a conduct of experimentations with real objects. This process is presented
in table 1. Data gathered were analyzed and the results are presented in this chapter.

Table 1. Weekly activities and the administration of instruments.

Week Activities Tests

1 . Pre-test:
. . Obtained Parents’ Consent . .
Orientation . ] Physics Achievement Tests
General class orientation
SEMLI-S
2 Training on:
Training conduct of lab

writing of lab report

3 Learning through modules

4 MO Learning through modules

5 Post-test: PAT1 and SEMLI-S
6 Virtual lab then modules

7 VLM Virtual lab then modules

8 Post-test: PAT2 and SEMLI-S
9 Physical lab then modules

10 PLM Physical lab then modules

—_
—_

Post-test: PAT3 and SEMLI-S

Physics Achievement

Result of comparing the mean percentage scores (MPS) between pretest and posttest across each learning
modalities are presented in table 1. All distance teaching techniques used during the entire study resulted to
a statistically significantly higher posttest scores than pretest scores. The teacher-written modules when used
alone and when coupled with distance virtual and physical labs are effective in learning physics. However,
based on Philippine’s Department of Education standard of mastery (DepEd 2012), module-only classes
did not show improvement for the test scores where both were only at “average mastery” level. On the
other hand, VLM classes improved from “average mastery” to “moving towards mastery” while PLM classes
improved from “low mastery” to “moving towards mastery” both implying that investigated distance physics
instruction (DMDL) is better when accompanied with distance laboratory experimentations.
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Table 2. Comparison between pretest and posttest scores across different learning modalities.

Sig.
Learning Mode MPS Level of Masterya Std. Deviation  Std. Error Mean g
(2-tailed)
Pre-test  39.38 Average Mastery 10.315 1.883
-7.74%* 0.000
Post-test  62.47 Average Mastery 11.383 2.078
Pre-test  37.83 Average Mastery 9.885 1.805
VLM . -15.67%* 0.000
Post-test  72.33 Moving towards Mastery 10.646 1.944
Pre-test  33.00 Low Mastery 14.89 2.719
PLM . -9.07** 0.000
Post-test  65.83 Moving towards Mastery 13.728 2.506

Note: **p<.01, “Levels of Mastery: Mastered (96-100), Closely approximating mastery (86-95), Moving towards
mastery (66-85), Average (35-65), Low (15-34), Very low (5-14), Absolutely no mastery (0-4)

To compare the three distance learning modes investigated, we performed an analysis of gain scores. One-
way analysis of variance for gain scores showed that at least one learning mode had better gain scores over the
other modes F(2,87)=4.247, p=.017. Post-hoc analysis using Tukey’s HSD, as recommended for one-way
ANOVA (Kirk 2013), is presented in table 2. Here, only the digital modular distance learning (DMDL)
coupled with distance virtual labs (here called VLM) using appropriate phet interactive simulations showed
significantly higher gains scores than the lone use of modules for learning.

Table 3. Tukey’s HSD post-hoc analysis of gain scores.

Learning Mode 95% Confidence Interval
(1) (J) Mean Difference (I-J) Std. Error Sig. Lower Bound Upper Bound
MO VLM -11.416* 4.232 0.023 -21.506 -1.325
PLM -9.749 4.232 0.061 -19.839 0.342
VLM PLM 1.667 4.232 0.918 -8.423 11.757

Note: * Significant at p<.05

Respondents’ Sex and Physics Achievement

We performed independent samples t-test to compare gain scores between male and female participants, the
results are presented in table 3. Comparison showed no statistically significant difference among the gain
scores of male and female participants which implies that all distance learning modalities used were gender
fair when it comes to physics achievement, a fast-growing consideration in teaching that aims to provide
equal chances for both sexes to learn.

Generally speaking, females outperform males in schools (Maligalig and Albert 2008; Voyer and Voyer 2014)
and sometimes even in physics achievement (Collado 2019; Constante and Agsalud 2019; Yerdelen-Damar
and Pesman 2013). However, other studies also point in opoosite direction as girls’ achievement scores in
physics wane and tend to be outperformed by boys (Krakehl and Kelly 2021; Lubinski and Benbow 1992;
Taasoobshirazi and Carr 2008) probably due to girls being less interested in this field of science than boys
(Adams et al. 2006; Hoffmann 2002; Murphy and Whitelegg 2006; Robertson et al. 2010). Sex differences
in cognitive understanding exist (Halpern 2014)due to differences in abilities such as spatial, memory as well
as language and mathematical abilities (Halpern 2014). Collado (2019) on the other hand demonstrated
this sex differences in physics achievement may be closed by training girls with spatial ability. Additionally,
achievement gap among sexes also varies across and within nations (Miller and Halpern 2014; Stoet and
Geary 2013) due to differences in culture and gender equity scores. Thus, it is not surprising for the current
study to result into equal achievement scores among sexes similar to other studies (Gambari et al. 2013;

Long and Jiar 2014)
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Table 4. Statistics on comparisons of PAT gain scores between male and female participants.

Learning Modes Sex N Mean Gain Score t Sig.

Male 19 24.628

MO -.674"s 0.506
Female 11 20.418
Male 19 36.053

VLM 9248 0.363
Female 11 31.818
Male 19 36.227

PLM -1.243"8 0.225
Female 11 26.97

" - not significant

Metacognition

Students’ metacognition was also measured after each learning modalities using the SEMLI-S. Repeated
measures ANOVA was used to analyzed scores taken before the start of classes, after MO, after VLM, and
after PLM. First, epsilon (g=.686) was calculated according to Greenhouse & Geisser (1959) due to violation
of sphericity, this was used to correct the one-way repeated measures ANOVA. Results showed that at least
one learning mode had significantly higher gain scores at F(2.06, 59.72) = 9.67, p <.01, partial n? = .25.
Post-hoc analysis then follows using Bonferroni as suggested for datasets that violate sphericity in repeated
measures ANOVA (Maxwell 1980), the result is presented in table 4. It was only in the fourth administration
of the instrument where we observed improvement where PLM significantly increased metacognition from
PreMO and MO classes. No other significant increase in metacognition was observed.

Table 5. Bonferroni post-hoc analysis of metacognition.

Distance 95% Confidence
Learning Modes Interval for Difference
) J) Mean Difference (I-)) Std. Error Sig. Lower Bound Upper Bound

PreMO MO =124 .072 .585 -.328 .081
VLM -410 147 .055 -.827 .006
PLM -6217 137 .001 -1.009 -232
MO VLM -.287 .140 .298 -.683 110
PLM -497" 140 .008 -.895 -.099
VLM PLM =210 112 417 -.526 .106

Note: ** Significant at p<.01

Sex and Metacognition

SEMLI-S scores across learning modes were also compared among sexes, the result is presented in table 4.
Metacognition was statistically higher for males than females before classes start (PreMO) and after the end
of classes that only made use of learning modules (MO) which is alarming as most schools in the Philippines
only use modules during distance classes. However, at the third and fourth administration of the instrument,
after two distance physics virtual laboratories and two distance physical laboratories, females have caught up
— they now have statistically equal metacognition to males. (Yerdelen-Damar and Pesman 2013) had similar
findings comparing physics metacognition between sexes. Though there were no treatments prior to the
administration of the inventory, their measurement was conducted after the entire physics course. Thus, it
is safe to assume that some laboratory experimentations were performed along the way that, like the current
study, have improved female students” metacognition.
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Table 6. Metacognition of male and female participants measured and compared after each learning

modes.
Distance Learning
Mode Sex N Mean SD t df Sig. (2-tailed)

Male 19 2.79 .20

Pre-classes 2.412% 28 .023
Female 11 249 A7
Male 19 3.02 47

PostMO 3.321** 28 .003
Female 11 244 44
Male 19 3.24 .69

PostVLM 1.552 28 132
Female 11 2.83 72

Female 1 3.02 79 1.765 28 088

Note: * significant at p<.05, **significant at p<.01

DISCUSSIONS AND CONCLUSION

Learning physics has always been difficult and scary for many students (Lipszyc 2012; Williams 2000) due
to traditional lectures and problem solving; thankfully, more and more modern teaching strategies are being
discovered and implemented. In this study, we applied and tested in distance education some of existing
and plausible pedagogies, these are module-only class (MO), distance virtual labs plus module (VLM), and
distance physical lab plus module (PLM). All learning modules used were teacher-made that employs an
inquiry-based approach while the laboratory activities were guided inquiry.

Results showed that all the three distance learning modalities have significantly higher posttest than pretest
scores. Although all pedagogies exhibited learning effectiveness, it was with VLM that we observed a
significantly higher gain score than MO which indicates that virtual labs successfully increased students’
learnings from modules alone. Virtual labs have been observed to be more helpful in learning physics concepts
compared to physical labs during F2F (Oymak and Ogan-Bekiroglu 2021) and even during distance classes
(Bodegom, Jensen, and Sokoloff 2019) due to less efforts in setting-up of instruments and practically zero
measurement errors. Some unnecessary and unintended learning likewise occurs in physical labs due to
these errors. Lately, Dark (2021) and Nogueira and Hernandes (2021) demonstrated that both virtual and
physical distance physics laboratory experimentations can possibly be conducted by students at home. In
fact, Sithole et al. (2020) demonstrated that distance laboratories are not uncommon strategies to deliver
physics instruction even before the COVID-19 pandemic. However, during the pandemic, the situation is
worse due to lack of or slow communication between teachers and learners. Thus, physics teachers opted
for computer simulations that proved effective in improving physics achievement during in-person classes
(Bayrak 2008; Constante and Agsalud 2019) and during distance classes (Azizah et al. 2022; Onah et al.
2020; Yusuf and Widyaningsih 2020) similar to the findings of the current study.

Achievement scores between sexes were compared. Our study demonstrated that male and female students’
gain scores were statistically equal across each learning modes. This finding is uncommon on physics
achievement scores as several previous results showed that males outperformed their female counterparts
in this specific area of science (Krakehl and Kelly 2021; Taasoobshirazi and Carr 2008). This cognitive
difference among sexes though is caused by several factors such as interest in physics or even differences in
abilities, e.g. girls are more inclined in reading (Stoet and Geary 2013) while boys have higher spatial ability
(Voyer, Voyer, and Bryden 1995). Furthermore, due to increasing gender equality among communities, sex
differences in physics achievement has also been diminishing in time (Miller and Halpern 2014). Philippines
is one of those countries that succeeds in closing the gap between men and women (Schwab et al. 2019) thus
supporting further the result of this study.

We also measured students” metacognition at the opening of school year (pre-MO), after MO, after VLM,
and after PLM classes. We found that metacognition only improved at the fourth administration, after PLM
classes, where results in the pre-MO and post-MO were significantly outscored. Improvisation of students’
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metacognition is helpful in learning physics (Anderson and Nashon 2007; Mclnerny et al. 2014) as this
will make them inform, thus, regulate their own learning (Fouche 2013). Though metacognition may be
improved through direct instruction, it may also be improved through exposure to some conditions that
makes one aware and regulate learning such as writing of reflection (Langdon et al. 2019). In this study, it
is shown that metacognition may also be improved through a conduct of physical physics lab similar to the
findings of Sandi-Urena et al. (2012), an essential contribution to the field that lacks studies in improving
metacognition (Zohar and Barzilai 2013).

When male and female students’ metacognitions were compared after each learning modalities, males had
significantly higher scores than females at pre-MO and post-MO partly explaining the differences in interests
and abilities between these groups. However, these differences disappeared after VLM and PLM classes
implying that female students caught up and had their metacognition improved after conducting labs.

Although VLM improved physics achievement scores better than PLM, it was only in PLM where we
observed a significant improvement of metacognition which implies that, although physical labs did not
significantly increase test scores from modular approach, it made the students become more aware and self-
regulated in their learning. Like the findings from Puntambekar et al. (2021), this study had demonstrated
again that physical and virtual labs are complementary and that they both must be used in physics instruction.
Both physics labs also catered fairly to both sexes in terms of learning and metacognition, another reason not
to hesitate from performing virtual or physical lab even during distance classes.

In this study, we were able to provide empirical evidence that conduct of both physical and virtual laboratory
activities in physics are necessary even during distance classes as they improve physics achievement scores
and metacognition. Adding to previous methods of improving metacognition, findings demonstrated that
conduct of labs will also do the trick. Future studies may expound further on the impacts of conducting lab
in students learning and abilities as well as explore on more methods to improve metacognition.

Given all this, the current study, like any other studies, have its limitations such as the small number
of respondents and the highly criticized pretest-posttest research design. Due to our intent to be as less
disruptive possible, we did not conduct interviews to gain insights on students’ experience which could have
given more substance to the study. This may also be considered by future research directions.
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