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ABSTRACT: The main purpose of the study was to determine the effectiveness of reflective thinking on the mathematical
comprehension and metacognitive skills of Bachelor of Secondary Education major in Mathematics students in a state college in
Trento, Agusan del Sur. The pre-experimental pretest-posttest research design was used in the study. The data gathering tools were
teacher-made test for mathematical comprehension and adapted questionnaire for metacognitive skills. The instruments were
administered to a single group of students, identified through cluster random sampling technique. The statistical tools used to obtain
the results were weighted mean and paired t-test. Results revealed that with reflective thinking, the level of mathematical
comprehension of students was average and their metacognitive skills was at high level. Moreover, there was a significant increase
on student’s mathematical comprehension based on their pre-test and posttest scores. However, there was no significant difference in
the metacognitive skills of the students. Lastly, the mathematical comprehension of the students, after using reflective thinking as an
intervention, reached the mastery level based on the standard set by the college.
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1. INTRODUCTION

In the case of mathematics education, there have been worries
that learning Mathematics away from the school environment
may obstruct inquiry-based approaches to learning
mathematics in several ways and student engagement in
mathematics is expected to be particularly difficult [1].
Mathematical comprehension, as an ability that is very
significant, must be possessed by students in learning
Mathematics. However, as pandemic continues to emerge and
flexible learning has been adapted by many universities, it is
not easy to achieve mathematical comprehension because the
learning method is new and not commonly used in a normal
setting [2]. In addition, metacognition is crucial to the talent
of learning in the new normal. Students awareness on inward
examination on how they learn and to judge which methods
are effective particularly when faced with new forms of
learning online is underdeveloped because they lack
metacognitive skills [3].

Several research endeavors have been conducted to identify
factors associated with students’ achievement such as
teachers’ skills and competencies [4, 5, 6, 7], teachers’
awareness, perceptions, and challenges [8-12], contemporary
pedagogies [13,-18] and others [19,- 25], however, little has
been done on exploring the mathematical comprehension and
metacognitive skills when students are exposed to reflective
thinking. Reflective thinking is also a future skill that
students should learn in order to meet the problems and
respond to the expectations of the twenty-first century [26].
Reflective thinking has a significant relationship with
mathematics academic achievement. It is useful to integrate
reflective activities to develop mathematical comprehension
and other mathematics-related activities [27]. Furthermore,
reflection can make it possible for students to be
metacognitively responsive to their cognitive process,
encourage deep understanding, monitor what they have
learned, appreciate the learning experiences, and evaluate the
learning process and performance of students [28]. Moreover,
cooperative learning supported by reflective thinking
activities could have a positive effect on students' critical
thinking skills and metacognitive skills [29].

Amid the turmoil of the pandemic, very limited studies are
investigating the effect of reflective thinking in the
mathematical comprehension and metacognitive skills of
college students particularly in Trento, Agusan del Sur,
Philippines. Such findings call for research on this matter so
that better insight and understanding can be obtained. Given
the current situation in the education system, the researcher
found it vital and beneficial to conduct a study in relation to
the effect of reflective thinking in

flexible learning on the mathematical comprehension and
metacognitive skills of students throughout the course of
transition and transformation towards learning in the new
normal.

2. MATERIALS AND METHODS

This study utilized pre-experimental pretest-posttest research
design to determine the effect of flexible learning approach
via reflective thinking on students’ mathematical
comprehension and metacognitive skills. A homogeneous
class was exposed to the intervention. A pretest-posttest
design was used to determine the significant difference in the
mathematical comprehension and metacognitive skills of the
students.

The participants of the study were 30 second year Bachelor of
Secondary Education Mathematics students of ASSCAT —
Trento External Studies Center. The researcher selected one
(1) regular homogeneous group of students for the
experimental group. The students that belonged to the
selected group were the participants of the study. Students at
these groups were expected to be diverse learners, thus, has
different students’ learning styles, family backgrounds,
socioeconomic status, gender, age, religion, and ethnicity.
The primary source of the data was the students’ pretest
scores and posttest scores from the teacher-made
questionnaire. A 50-item content validated multiple-choice
test (1 point each) was used by the researcher. A table of
specification of linear algebra was constructed to ensure that
the test measures the content that was intended to be
measured. The test questionnaire has undergone validity and
reliability testing. The questionnaire was assessed by experts

September-October



418 ISSN 1013-5316;CODEN: SINTE 8

to established validity. After validation, the questionnaire was
pilot tested. The reliability index using Cronbach alpha test
was 0.820, implying a good internal consistency. To measure
the level of students’ metacognitive skills, the researcher
adopted the Metacognitive Skills Scale [30]. It is a 30-item
questionnaire with items answered on a five-point-scale-
ranging from strongly agree to strongly disagree. Reverse
scoring procedure was done for a negative statement.

The researcher sent a written communication before the
conduct of the study to campus administrator of Agusan del
Sur State College of Agriculture and Technology — Trento
External Studies Center to allow the researcher to conduct the
study.

Before the start of the experiment, a preliminary test was
conducted through google form due to restrictions on the
face-to-face meetings to determine pre-existing subject
knowledge. After the pretest, the study proper was conducted
through applying the reflective thinking strategy guided by
the following procedures:

1. Distribution of learning module.
2. Random selection of students.
3. Assess the student’s reflection on the given topic

through random phone calls during their regular class
schedule. Students were asked with these reflective questions:
What have you learned?

What specific topic that you didn’t understand?

What can you do to improve your understanding?
How will you teach this topic to someone easily?
How could you use it in real world?

Learning modules of linear algebra were distributed to 30
students. During the distribution, students were informed that
there will be random phone calls during their regular class
schedule to assess their reflection on the topics. Selection of
students was done through fish bowl/lottery method. Every
week there were 5-7 students being called and were ask with
these questions: What have you learned? What specific topic
that you didn’t understand? What can you do to improve your
understanding? How will you teach this topic to someone
easily? How could you use it in real world? These processes
were repeated for the entire semester. The posttest was
conducted through google form, data were retrieved,
analyzed and interpreted to obtain results.

The data collected were tabulated and analyzed using
appropriate statistical tools using software. Descriptive
statistics was used in order to obtain the frequency values,
percentages and mean of the students’ mathematical
comprehension scores (pretest and posttest) and the
metacognitive skills scores. Paired Sample t-test was used to
determine the significant difference in the students’
mathematical comprehension and metacognitive skills after
applying flexible learning approach via reflective thinking.
One-sample t-test was used to determine is a significant
difference between the students’ level of mathematical
comprehension and students” mastery level set by the college.

PoooTw

.RESULTS AND DISCUSSIONS

This section presents the analysis and interpretation of data
gathered from the students’ scores and students’ survey
relevant to testing the hypothesis of the study. Tables are also
shown in this chapter to give a convenient analysis of the
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data. The order of presentation follows the sequence of the
objectives identified in the study.

3.1 Students’ mathematical comprehension

Table 1 shows the level of mathematical comprehension of
students before and after exposure to flexible learning
approach via reflective thinking. The over-all mean as to
pretest and post-test, together with the respective qualitative
description are also shown below.

Table 1. Level of Student’s Mathematical Comprehension.

Pretest Post Test

Range
f % f % Qualitative Description
96% — 100% 0 0% 0 0% ir\;Ii:?;;newraetgfal comprehension
Mathematical comprehension
86% — 95% 0 0% 0 0% is clfsely approximating
mastery.
1 Mathematical comprehension
66% — 85% 0 0% 4 41% is moving towards mastery.
35% — 65% 1 3% 6 20% athematical comprehension
15% — 34% 19 63% 1 33% _Mlathematical comprehension
0 is low
5% — 14% 0 0% 0 0% ilx;lz\xlterlslnlws‘tﬂi,cal comprehension
0% — 4% 0 0% 0 0% m:t:gw;g::;omprehension
33.67% 50.2%
(Mathematical (Mathematical
Mean

comprehension
is Low)

Comprehensio
n is Moderate)

As presented from the table, before using reflective thinking
as an intervention, 37% of the students got a moderate
mathematical comprehension, while the remaining 63% had a
low mathematical comprehension. Moreover, after applying
reflective thinking, 33% had a low mathematical
comprehension, 20% had a moderate mathematical
comprehension while the remaining 47% got a high level
which indicates that their mathematical comprehension is
moving towards mastery. The mean value of pretest is
33.67% which points to a low-level mathematical
comprehension while their post-test got a mean value of
50.20%, indicates a moderate mathematical comprehension.
Learning linear algebra has always been difficult. Students
usually feel lost in the world of linear algebra and they feel
under pressure at the number of new definitions and the lack
of connection with previous mathematical knowledge [31,
32]. However, mathematical comprehension can be said to
develop in a positive way as a result of self-evaluation [33].
3.2. Students’ metacognitive skills
Table 2 shows the level of metacognitive skills of the
students before and after exposure to flexible learning
approach via reflective thinking.

Table 2. Level of Student's Metacognitive Skills

When learning strategy that |

used fails in learning process, | 4.07 a'?/g?;/ee 413 a’?‘/gf;’i

employ new one. 9 9

| determine which learning

strategy | should employ before 4.03 Above 3.93 Above
. average average

| start studying.

I check if I understood a Above Above

. . . 3.97 4.17

subject during learning average average

| revise my study plan that |

used in Learning and make 3.97 Above 4.13 Above

N average average

necessary corrections.

It is important for me to build

meaningful relations between Above Above
' ! 3.97 4.07

learned subjects during average average

learning.

I search for how I learned a

subject most effectively while 3.93 aﬁggee 4.13 a’?‘/g?;’i

learning. 9 9
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Till I reach a result, | organize
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the conditions for keeping my 3.93 Above 4.13 Above
] average average
attention.
I know the other subject
matters that | can use an 393 Above 407 Above
effective learning strategy in a ' average ) average
subject.
It is important for me to
overview y learning from time Above Above
; . 3.93 3.97
to time to determine how much average average
and what | learned.
| asses of the cognitive strategy
that | employ has been 3.93 Above 3.77 Above
average average
successful or not.
| determine what | will learn
about a subject before | start 3.9 af‘/le)?avi 4 a'?‘/g?;’i
studying it. 9 9
I don’t spare much time for
monitoring how much | learned Above Above
- . 3.9 3.77
about the subject during the average average
learning process. *
I check if | effectively use my Above Above
. ] - 3.87 4.03
time during learning. average average
I critically make a plan before Above Above
P 3.87 3.93
beginning to study a text. average average
During learning process, | have
difficulty to determine in which Above Above
" 3.87 3.73
conditions I can learn and those average average
I have failed to learn. *
I know how much time | need 383 Above 403 Above
to learn a subject. ' average ' average
I have difficulty in
understanding the reason of the Above Above
h . 3.7 4.17
trouble I experienced during average average
learning. *
™ gy Awe Mo
teg ying ) average ) average
subject.
I have difficulty in planning my
learning a subject in Above Above
- 3.57 3.6
accordance with my own average average
learning qualities. *
I don’t have an exact idea of 35 Above 29 Average
how to organize my learning. * ) average ' g
I have difficulty in
distinguishing important parts Above Above
- 3.43 3.47
about a text or learning average average
objectives. *
While learning a subject, I am
not aware of employing which 2.7 Moderate 3.27  Moderate
strategy and how to use it. *
MEAN 3.9 Above 398  Above
Average Average
*negative indicators (reversed scoring)
Legend:
Rating Interval Descriptive
Level
5 4.51- Very High Metacognitive
5.00 Skill is
excellent
4 3.51- High Metacognitive
4.50 Skill is above
average
3 2.51- Moderate Metacognitive
3.50 Skill is
average
2 1.51- Low Metacognitive
2.50 Skill is below
average
1 1.00- Very Low Metacognitive
1.50 Skill is very

poor

As presented from the table 2, before applying the reflective
thinking, the following three questions got the highest mean: “I
prepare the learning environment that is necessary for learning
process” (4.33), “If the learning couldn’t be accomplished, I
search for other strategies that could be effective” (4.2), “I use
my previous experiences while organizing my new learning”
(4.17), all indicate a high level, which implies that the
metacognitive skill is above average. On the other hand,
following three questions that are negatively listed got the lowest
mean: “I don’t have an exact idea of how to organize my
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learning” (3.5), “I have difficulty in distinguishing important
parts about a text or learning objectives” (3.43) and “While
learning a subject, I am not aware of employing which strategy
and how to use it” (2.7) which all indicate a moderate
engagement. The overall mean for pretest is 3.90, signifying that
before the flexible learning via reflective thinking, the
metacognitive skills of the students are above average.
Additionally, after applying the intervention, the following three
questions got the highest mean: “I use my previous experiences
while organizing my new learning” (4.47), “If the learning
couldn’t be accomplished, I search for other strategies that could
be effective” (4.47), and “I plan how and when to use the
resources that will help me learn a subject well” (4.3), ranging
from above average to excellent metacognitive skills. On the
contrary, the three negatively stated questions got the lowest
mean: “I have difficulty in distinguishing important parts about a
text or learning objectives” (3.47), “While learning a subject, |
am not aware of employing which strategy and how to use it”
(3.27) and “I don’t have an exact idea of how to organize my
learning” (2.9), all imply moderate metacognitive skills. The
overall mean for post- test is 3.98, which means that the over-all
metacognitive skills of the students after applying the
intervention is above average.

Furthermore, based on the results of the pre-test and post-test,
questions “I use my previous experiences while organizing my
new learning”, “If the learning couldn’t be accomplished, I
search for other strategies that could be effective”, “I plan how
and when to use the resources that will help me learn a subject
well” and “T know which subjects I can learn easily and which I
will have difficulty in learning” showed evident increase on their
levels. This means that after using reflective thinking as an
intervention, the students used their previous experiences while
organizing their new learning, they tend to search for other
strategies and they planned how and when to use the resources
that could be effective for them in learning. Likewise, they also
knew which subjects they can learn easily and which they will
have difficulty. This means students had improved on
strategizing what they have learned after applying reflective
thinking.

Also, based on the results, questions “I don’t have an exact idea
of how to organize my learning”, “During learning process, |
have difficulty to determine in which conditions I can learn and
those I have failed to learn” and “I don’t spare much time for
monitoring how much 1 learned about the subject during the
learning process” showed noticeable drop from their pretest
means to post-test means, with 0.60, 0.14 and 0.13 respectively.
This means that students already had an exact idea of how to
organize their learning. Also, during their learning process, it's
now possible for them to distinguish which situations they can
learn in and which they can't and they devote much time to
keeping track of how much they’ve learned about the subject
during the course of their studies. Furthermore, based on the
results, questions “T asses of the cognitive strategy that I employ
has been successful or not”, “I determine which learning strategy
I should employ before I start studying”, “I prepare the learning
environment that is necessary for

learning process”, “I search for the reasons of the failure while
learning a subject” also showed evident decrease from their
pretest means to posttest means, with 0.16, 0.10, 0.10 and 0.07
respectively. This means that a number of students found it hard
to evaluate whether or not the cognitive method they used is
effective. Before they begin studying, they’re some can’t fully
determine which learning strategy they should use. Moreover,
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few of the students can’t provide the learning environment that is
essential for the learning process to take place and when they’re
studying a subject and lastly, they can’t look for reasons why
they’re failing.

If students can be aware of and govern their learning by actively
participating in reflective thinking, if they can assess what they
know, what they need to know and how they bridge that gap in
learning contexts, learning will occur [34]. Additionally, in
environments with reflective thinking activities, students have
more individual responsibility and are more aware of their
cognitive processes [35].

Paired t-test between the pretest and posttest scores of the
Students’ Mathematical Comprehension when exposed to
Flexible Learning Approach via Reflective Thinking
Table 3 shows the comparison between the students’
mathematical comprehension before and after exposure to

flexible learning approach via reflective thinking.
Table 3. Comparison of Student's Mathematical Comprehension
for the Pre and Post-test using Paired T-test.

Mean
t-value p-value Remarks
Pretest Post-test
33.67% 50.20% 4.85 0.00%* S'erllltflca

As presented from the table, it shows that the t- value is 4.85
with a probability value of 0.00 implies a highly significant
difference, thus null hypothesis is rejected, which means that
there is a significant difference between the pre-test and post-test
scores. This entails that there is a significant increase on the
student’s comprehension on linear algebra from 33.36% to
50.20% using reflective thinking as the intervention.

Reflective learning environments are created on the basis of
educating individuals who think critically [36]. Moreover,
reflective strategy contributed to the development of students
critical thinking skills [29]. Mathematical comprehension can be
said to develop in a positive way as a result of self-evaluation. At
the end of the learning activities with self-evaluation strategy,
students can learn to think critically [33]. Likewise, as
mentioned from the student’s feedback, reflective thinking
strategy aided them to reflect, evaluate, improve and recall what
they have learned on the previous lessons. It helped them to
increase their performance because they were able to know what
or where they need to improve more.

Paired t-test between the pretest and posttest scores of the
Students’ Metacognitive Skills when exposed to Flexible
Learning Approach via Reflective Thinking
Table 4 shows the comparison of metacognitive skills of the
students before and after exposure to flexible learning approach

via reflective thinking.
Table 4. Comparison of Student’'s Metacognitive Skills for the
Pretest and Posttest using Paired T-test.
Mean
Pretest Posttest

t-value p-value Remarks

Not Significant

3.90 3.98 1.035 0.309

Table 4 above reveals the statistical result on the comparison
between the pretest and posttest scores on the metacognitive
skills of the students. As shown, the t-value is 1.035, with p-
value of 0.309 which indicates no significant difference. Thus,
the result accepts the null hypothesis. This implies that the
metacognitive skills of the students before and after the
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application of flexible learning via reflective thinking are
comparable and all possibilities remain.
Although the null result regarding the effect of reflective
thinking to metacognitive skills was unexpected, lack of an
effect is that students did not recognize the value or benefit of
metacognitive skills and the associated activity since it was
being used in only one of their courses [37]. Furthermore, in
order to maintain use of metacognitive skills, students have to be
explicitly taught about them. Since most studies focused on the
effects of a specific intervention or strategy to promote
metacognition, it is difficult to map the natural development (or
lack thereof) of metacognition in college students [38].
Students’ Level of Mathematical Comprehension and Students’
Mastery Level Set by the College.
Table 5 shows the comparison of the levels of mathematical
comprehension of the students before and after exposure to
flexible learning approach via reflective thinking, as set by the
Agusan del Sur State College of Agriculture and Technology.
Table 5. Students’ Level of Mathematical Comprehension as Set
by the College.

Pretest Posttest
Scores F % f %
98% - o o
100% 0 0% 0 0.00% Excellent
95% - 97% 0 0% 0 0.00% Superior
92% - 94% 0 0% 0 0.00% Very Good
89% - 91% 0 0% 0 0.00% Good
86%-88% 0 0% 8 2887 Highly satisfactory
83%-85% 0 0% 6 200 Satisfactory
Better than
0/ - 0, 0, 0,
80% - 82% 0 0% 0 0.00% Average
77%- 79% 3 10% 0.00% Average
75% - 76% 0 0% 0.00% Passing Grade
75% Below 27 90% 16 5?;):’3 Failure
Mean 66.83% 75.10% (Passing
(Failure) Grade)

As depicted from the table, during the pretest, 10% of the
students got an average grade while the remaining 90% of the
students failed. This means that before applying the intervention,
almost all of the students got failure grade in linear algebra.
Moreover, after applying the flexible learning approach via
reflective thinking, the number of students with a failure grade
decreases from 90% into 53.33%. Also, 20% got a satisfactory
result, while the remaining 26.67% got highly satisfactory grade.
The respective means of pretest and posttest were equal to
66.83% and 75.10% which indicate a failure, and passing grade.
This further implies that some of the respondents reached the
mastery level after applying the intervention which is the
reflective thinking.

Reflective thinking can help students improve their mathematical
problem-solving skills. It can help you improve your accuracy
and focus when completing a math issue [26]. As a result of their
reflective thinking, the students will arrive at the correct and
logical response. This is also in line to the result of reflective
learning is a learning process that provides students the
opportunity to examine and investigate the problems that is
triggered by experience, analyzing of individual the experiences,
and facilitate the learning of the experiences. These lessons are
identified to improve mathematical ability of the students [39].
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Table 6 shows the one sample t-test of students’ level of
mathematical comprehension and students’ mastery level set by
the college before and after exposure to flexible learning
approach via
reflective thinking.

Table 6. One Sample t-test of Students’ Level of Mathematical
Comprehension and Students’ Mastery Level Set by the ColleE.

One-Sample Test

Test Value = 75

95% Confidence

Sig. Interval of the
(2- Mean Difference
t df tailed) Difference Lower Upper

Mathematical

Comprehension .053 29 .958 .10000 3.723f;

3.9236

As depicted from the table, the t-value is 0.053, with probability
value of 0.958 which indicates no significant difference. Thus,
the result accepts the null hypothesis. This implies that the
students’ level of mathematical comprehension which is 75.10%
is not statistically different from the students’ mastery level of
75% set by the college.

Comprehension process that students developed during their
attempt to solve the problem is one of many factors which
influenced a student's performance in class when tackling
word (or textbook) problems. Some less formal representations
based on learners' real-world knowledge that support the creation
of a 'situation model' may be included in the comprehension
process [40]. In addition, students don't know how to make use
of all of the information accessible to them, and, perhaps more
crucially, they don't know what they don't know [41].

4 CONCLUSIONS AND RECOMMENDATION

Based on the findings of the study, the following conclusions
were drawn:

The pretest result of the students’ mathematical comprehension
points to a low level while their post-test indicated a moderate
level. The students had an improvement with their mathematical
comprehension after applying the flexible learning via reflective
thinking as based on the mean results of their pretest and post
test scores.

In terms of their metacognitive skills, both pretest and post test
scores indicated as above average. Nevertheless, there is still a
slight increase on the mean after using the intervention.

There is a significant difference on the students’ mathematical
comprehension when exposed to flexible learning approach via
reflective thinking. Indeed, it is an effective strategy or
intervention in increasing the students’ mathematical
comprehension. Self-evaluation strategy, as part of reflective
thinking, helped the students learn to think critically and it
enabled them to improve their mathematical understanding.
There is no significant difference on the students’ metacognitive
skills after the intervention. The students’ metacognitive skills
before and after applying flexible learning approach via
reflective thinking are comparable.

Lastly, the students’ level of mathematical comprehension which
is 75.10% is not statistically different from the students’ mastery
level of 75% set by Agusan del Sur State College of Agriculture
and technology.

Based on the findings and conclusions of the study, the
following recommendations are given:

For mathematics instructors, it is recommended to use Reflective
Thinking Strategy during this new normal in managing classes
and discover more innovation for learning strategies to increase
students’ mathematical comprehension. They may attend
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seminars, workshops, trainings, and advance courses for
personal and professional growth to give students meaningful
learning experiences and achieve better results in mathematical
comprehension.

The use of fun but substantial learning activities focusing on
reflective thinking is recommended that would engage and
motivate students to learn to love mathematics to increase
metacognitive level of the students.

It is also suggested that students may write down any queries
they had or topics they wanted to learn or improve. They are
encouraged to share their reflections with their classmates or
discuss them with the class, which often led to them, students,
helping one another to better understand misconceptions or the
lesson.

It is recommended that administrators/ unit heads will
contemplate programs for instructors and students that would
enhance metacognitive skills and improve teaching strategies for
the betterment of learning process.

Finally, future researchers are encouraged to do robust studies on
students’ mathematical comprehension and metacognitive skills
with the use of other strategies aside from reflective thinking to
promote overall mathematics learning of the students. This study
will be conducted for a longer period of time and not only in one
subject.
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