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Abstract The study aimed to identify the significant impact of phenomenon-based learning and embedding proof
writing to this new teaching strategy on students’ mathematical creativity in tertiary education. The study used a
quasi-experimental pretest-posttest non-equivalent control group design. There were 2 experimental groups, one
exposed to phenomenon-based learning alone and the other was exposed to phenomenon-based learning with
classroom proof-writing activities, and one control group exposed to the conventional method. Multiple solution
tasks were used to measure students’ level of creativity. The data were analyzed using mean, standard deviation, and
ANCOVA. The analysis revealed that students exposed to phenomenon-based learning with proof writing had the
highest posttest creativity score. Students in this group had a significantly higher level of creativity among the three
groups. Further, students exposed to phenomenon-based learning alone may not outperform students exposed to
phenomenon-based learning with proof writing, but they still had significantly higher posttest mean scores compared
to students exposed to the conventional type of teaching. The researchers recommend to teachers in tertiary
education to use phenomenon-based learning with proof writing in teaching mathematics and its related courses
since this instructional approach engages students in learning that is more focused to real-life issues, apply skills and
knowledge from different subjects, and enhance important skills like creativity, problem-solving, communication,
and teamwork.
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1. Introduction
The coming anticipated new industrial revolution
requires experienced skills needed for the job in the future.
Students are required to have stronger mathematical
knowledge, skills, and values to pursue higher education,
to compete and be part of the technologically oriented
workforce, and to be informed citizens. Nevertheless,
fact shows that students’ ability and creativity toward
mathematics are still low and there is a downward trend of
them that increases in later years [1,2].
However, previous researches claimed that mathematical
talent is frequently measured by speed and accuracy of a
student’s computational skills with little emphasis on
problem-solving and pattern finding and no opportunities
for learners to work on rich mathematical tasks that need
out-of-the-box thinking. Such an approach limits the use
of creativity in the classroom and reduces mathematics to
a set of skills to master and rules to memorize [3]. A
considerable amount of literature concentrates on mathematical
creativity at the primary and secondary levels [4].

However, a thorough study of research at the tertiary or
post-secondary level revealed minimal discussion of how
students are creative or how creativity can be promoted in
undergraduate courses. Given that the students in tertiary
courses are the next generation of mathematicians, engineers,
or math educators, developing their mathematical creativity
is essential [5].
Students who engaged in contextual or real-life
mathematical situations can stimulate their mathematical
creativity [6]. With the main ideology of incorporating
real-life events into school discussions, phenomenonbased learning has received wide media coverage and
publicity [7]. Phenomenon-based learning (PhBL) invites
students to relate learnings to the real-world context and
learn through understanding what they are doing. This
focuses on the learners’ learning rather than the teacher’s
teaching [8].
Moreover, in the Philippines, no study has been
conducted utilizing phenomenon-based learning which has
originated in Finland. In fact, in mathematics education,
both the school or university level often fails to equip
students with a way of how their learnings in mathematics
can be applied and observed on daily living [9].
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Further, in proving tasks, which highlights the role of
an individual’s problem-solving process emphasizes the
development of creativity by establishing the foundations
for creativity in novel situations. During the process,
a student is encouraged to explore concepts, create new
ideas, and evaluate those attempts to ultimately create
a valid proof. Thus, proving can inform both teachers
and students regarding the progression that a student
is making in developing his/her mathematical creativity
[5].
Thus, these scenarios have prompted the researcher to
study the possible factors or variables that may influence
the growth of students’ creativity in mathematics courses.
The researcher highly considered phenomenon-based
learning and proof-writing as possible variables that may
influence the increase of mathematical creativity and
support that phenomena have traditionally been a missing
piece in mathematics education [10].
The dependent variable of the study is students’
mathematical creativity which has four components,
namely fluency, flexibility, originality, and elaboration.
Fluency refers to the ability of the students to numerous
responses accurately and efficiently. Flexibility refers
to students’ ability to change thinking paths when
encountering a thinking obstruction. Originality refers
to students’ ability to find a solution path that is
especially unique and uncommon among the group. Lastly,
elaboration refers to students’ ability to create a detailed
plan and generalize ideas.
The main aim of the study is to determine
the significant impact of embedding proof writing in
phenomenon-based learning on students’ mathematical
creativity. Specifically, the study intends to answer the
following:
1. What is the pretest and posttest profile of the respondents
in terms of the level of mathematical creativity as they are
exposed to:
1.1 Conventional Method
1.2 Phenomenon-based learning
1.3 Phenomenon-based learning with proof-writing.
2. How does the level of mathematical creativity of
the students compare as influenced by the conventional
method, phenomenon-based learning, and phenomenonbased learning with proof-writing?

1.1. Hypothesis
There is no significant difference between the mathematical
creativity scores of the students as influenced by the
conventional method, phenomenon-based learning, and
phenomenon-based learning with proof writing.

2. Methods
The study used a quasi-experimental design utilizing a
pretest-posttest non-equivalent control group. The study
was conducted in Amable M. Aguiluz Computer College
(AMACC) in Davao City. The study involved freshmen
Information Technology and Engineering students who
were officially enrolled in the MATH611 - Differential
Calculus course for the third trimester of the school year
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2019-2020. Due to a small number of population,
universal sampling was used. There were 75 Information
Technology students and 28 Engineering students. Thus,
a total of 103 freshmen students participated in the
study.
There were three groups of students, one control group,
and two experimental groups. The control group (CG)
was taught using the conventional method. The first
experimental group (EG1) was exposed to phenomenonbased learning alone and the second experimental group
(EG2) was exposed to phenomenon-based learning with
proof writing. This particular group was also encouraged
to justify every step of their solutions or answers in any
assessment or activities as what the teacher had been
doing during discussions. Both the control group and
experimental group 1 were also taught the proofs of the
derivative rules, however, it is by the use of a
conventional method unlike with the experimental group 2,
who were required to prove the derivative rules on their
own. All of these three groups were taught by the
researcher to minimize the effect of the teacher factor as
an intervening variable that may affect the results of the
study. Likewise, the three sections were taught using the
same reference book.
The researcher used the Mathematical Creativity Test
(MCT) which consists of six open-ended questions in
the study that could have multiple solutions. Originally,
MCT was developed by Kattou, Christou, & Pitta-Pantazi
[11] and translated by Kroesbergen, & Schoevers [12].
Slight revisions were made to fit the current setting of the
study.
The maximum administration time of MCT was 45
minutes and students were required to provide multiple
solutions. Scores were obtained for fluency, flexibility,
originality, and elaboration using the adapted rating scale.
To get the fluency score, the number of correct solutions
was counted and divided by the maximum number of
correct mathematical solutions provided by one of the
students from the sample. To calculate the flexibility score,
the number of different types or categories of correct
solutions was counted per question and divided by the
maximum number of different types of solutions provided
by a student in the sample of the study. The ratio of the
score in fluency and flexibility were then multiplied to
100. Further, originality was calculated by comparing a
student’s solution with the solutions provided by all
students who participated in the study. The originality
score ranged between 0 - 100, was given for each question.
The rarest correct solution received the highest score: a
student was given the score 100 for originality if one or
more of his/her answers appeared in less than 1% of the
sample’s answers. A score of 80, 60, 40, or 20 was given
if the frequency of one or more of his/her answers
appeared respectively in between 1% and 5%, 6% and
10%, 11%, and 20%, and more than 20% of the sample’s
answers. Elaboration score ranged from 1 - 5, a student
was given the highest score if he can produce a detailed
plan and generalized ideas or give in-depth reasoning
behind a solution path.
To obtain uniformity, all the scores in fluency,
flexibility, and originality were transformed into a 5-point
Likert scale. Scores with equivalents from 0% - 20% were
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coded as 1, 21% - 40% were coded as 2, 41% - 60% were
coded as 3, 61% -80% were coded as 4 and 81% - 100%
were coded as 5. Then, fluency, flexibility, originality, and
elaboration scores of each question were added and in this
way, the score for mathematical creativity has been
obtained. Thus, a perfect score for mathematical creativity
is 20 points.
The researcher administered a pretest of MCT to
determine the students’ level of mathematical creativity
upon entering the study. The students were pretested
during the first week of classes. To avoid the Hawthorne
effect, the students were not informed that they were
participants of the study. Right after the pretest,
experimental groups were given the treatment.
Students in experimental groups were given a list
of phenomena. These phenomena were selected by the
researcher and mostly focused on the phenomena
observed or experienced in Davao City. The day after
their pretest, students in each experimental group were
grouped into 6 groups. Each group was asked to choose a
phenomenon on the list provided that they want to
focus on the whole trimester (3 months). These groups
of students were asked to create worded problems or
situations related to their chosen phenomenon every week
applying the concepts learned for that week’s discussion
in Differential Calculus. Each group was given 10 minutes
to present their work to the class.
At the end of the 9th week of the study, which
lasted for 12 weeks, the students were tested again
using the same questionnaire used in the pretest. Since
the study has been conducted during the COVID19 crisis,
the continuation of the experiment and administration
of posttest has been conducted online, specifically
through Edmodo. This has been made possible because
of students’ familiarity with these setting since they
were already exposed to blended-online learning since
the previous 2 trimesters. The two experimental groups
were taught, through video conferencing. The researchers
sent them lecture notes/videos and weekly activities
about the real life applications of calculus via Edmodo,
requiring them to submit phenomenon-based outputs
every week as well. As for the proof writing treatment,
proof writing activities were given to EG2. For the
controlled group, video conferences were also conducted
and were given the same lecture notes but not the
activities requiring them to create/site phenomenon-based
outputs.
Students were informed about the task (posttest) that
they need to accomplish a day before. Answer sheets were
also sent in Edmodo a day ahead for them to reproduce it
or copy the format in a bond paper. All students in the
three groups were asked to accomplish each task for 45
minutes (same time for the face-to-face pretest), at the
same schedule to avoid leakage. A time limit was set in
Edmodo. After they accomplished the tasks they were
asked to take a picture or a scanned copy of their works
and were required to send them immediately thru Edmodo.
To avoid bias on giving of scores to the works of the
students, both the pretest and posttest results of the
students were forwarded and checked by a Mathematics
teacher.

Lastly, weighted mean and standard deviation were
used to identify the students’ level of pretest and
posttest mathematical creativity and reasoning skills. In
determining the effects of the treatments one-way analysis of
covariance (ANCOVA) was used because the samples
were intact groups. ANCOVA is a general technique that
can increase the precision of the experiment design by
adjusting measures in terms of one or more outside
covariates. The hypothesis was tested at 0.05 level of
significance.

3. Results and Discussion
Depicted in Table 1 is the analysis of the mean scores
and standard deviation of the students’ mathematical fluency
as one of the indicators of their mathematical creativity.
Results revealed that before the start of the experiment
both the experimental and control groups obtained scores
which are described as at the beginning level. This means
that before the experiment, the mathematical fluency of
the three groups of students has not been manifested, is
missing, and is functioning poorly, as evidenced by their
pretest scores. In their posttest, though all of the three
groups showed an improvement, students in experimental
groups showed greater improvement that students in the
control group, which indicates that students’ exposure to
phenomenon-based learning and phenomenon-based
learning with proof writing augmented their mathematical
fluency scores.
PhBL actively engages students in hands-on exercises
aimed at solving problems and answering questions that
build their capacity to answer questions [13]. In a study
conducted by Borja [14] it has been contended that among
the components of mathematical creativity (fluency,
flexibility, and originality), students performed best in
fluency and least in originality, implying that producing
numerous correct solutions is the simplest and coming up
with original solutions is the most difficult. Moreover, an
increased emphasis on experiential learning and student
autonomy in PhBL empowers deeper learning to students
[15]. Accordingly, the more in-depth learning the abler the
students will become in overcoming the gap between the
different subject areas [17].
Also, despite the fact that all of the three groups of
students showed an improvement in their posttest fluency
score, students exposed to PhBL with proof writing had
the most noteworthy mean increase. This corroborates the
idea that because of the nature of proof writing,
experience in working with it is the key to performance
and facilitation the learning, enabling students to think
fundamentally and broadly [18]. Students demonstrate
proving not only to mirror their understandings and values
but also to fulfill the desired expectation by which their
work will be judged [19]. However, we should be aware
completely grasp the idea of classroom proof-writing
activities, much the same that we cannot see the end of a
rhizome. Each connection made by the learners, every
subject was taken into account, will bring to other
territories, which will bring to even different domains
which are fluency, and so on [7].
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Table 1. Level of Students’ Fluency in MCT
Group of Learners
CG
EG1
EG2

Pretest
Mean
1.43
1.75
1.58

SD
0.63
0.89
0.81

Descriptive Level
Beginning
Beginning
Beginning

Postest
Mean
2.14
2.60
3.65

SD
0.59
0.66
0.61

Descriptive Level
Developing
Approaching Proficiency
Proficient

Perfect Mean is 5.00
Legend:
Mean Intervals Description
4.20 - 5.00 Excellent
3.40 - 4.19 Proficient
2.60 - 3.39 Approaching Proficiency
1.80 - 2.59 Developing
1.00 - 1.79 Beginning.
Table 2. Level of Students’ Flexibility in MCT
Group of Learners
CG

Pretest
Mean

SD

2.29

0.66

Descriptive Level
Developing

Postest

Descriptive Level

Mean

SD

2.07

0.26

Developing

EG1

2.16

0.75

Developing

2.73

0.62

Approaching Proficiency

EG2

2.16

0.82

Developing

3.74

0.63

Proficient

Perfect Mean is 5.00.

Reflected in Table 2 is the analysis of the mean scores
and standard deviation of the students’ mathematical
flexibility as one of the indicators of their mathematical
creativity. It can be observed that before the start of the
experiment both the experimental and control groups
obtained scores that are described in the developing level.
This means that before the experiment, the mathematical
flexibility of the three groups of students has been
manifested but not at a profound level, tending to
function limitedly as evidenced by their pretest scores. In
their posttest, only the experimental groups showed an
improvement, and students in the control group a mean
score decrease, which indicates that students’ exposure
to phenomenon-based learning and phenomenon-based
learning with proof writing augmented their mathematical
flexibility scores.
This result is strongly influenced by phenomenon-based
learning. Since the beginning stage of phenomenon-based
learning is the reality and real-world observation of
learners into a phenomenon from different points
of view, then they are empowered to attempt various
strategies to solve the problem, perhaps by themselves
or in collaboration with peers [20]. By working on
real-life problems from various angles and trying different
strategies to solve them cooperatively, students are then
well-prepared to answer and give solutions at various
categories [21].
Further, in PhBL, students are given the opportunity to
upgrade their flexibility in investigating mathematical
ideas and trying to discover alternative methods for
solving problems [22]. The students’ capacity in solving
their self-made problems related to their chosen
phenomenon has exercised their mathematical abilities
widely. Also, experimentation and utilization of online
resources show the ability of students in detailing ideas,
developing from different angles, and finding their way of
solving problems [23].
Inevitably, proofs aren't just ways to show that
statements are valid or substantial. They help to confirm a

student's understanding of givens, axioms, theorems, rules,
and hypotheses. And they affirm how and why math helps
explain our world and how it works [24]. This is why
students exposed to PhBL with proof-writing had the most
improved flexibility posttest score. To lay it out plainly,
teaching in phenomenon-based learning likewise works in
agreement with constructivism and sociocultural learning
theories in the manner that doesn't exclusively think about
students as active knowledge builders and information but
flexibly supplies an ideal framework for students to move
beyond what they currently know towards higher and
further levels [7,25].
Table 3. Level of Students’ Originality in MCT
Group of
Learners
CG
EG1
EG2

Pretest
Mean
SD
1.25
0.63
1.30
0.58
1.23
0.53

Descriptive
Level
Beginning
Beginning
Beginning

Postest
Mean
SD
1.53
0.52
3.56
0.57
3.74
0.59

Descriptive
Level
Beginning
Proficient
Proficient

Perfect Mean is 5.00

Table 3 above depicts the pretest and posttest
mean scores and standard deviation of the students’
mathematical originality as one of the indicators of their
mathematical creativity. It can be gleaned from the
table that before the start of the experiment both the
experimental and control groups obtained scores which
are described as a beginning. This means that before the
experiment, students’ level of mathematical originality has
not been manifested, is missing, and is functioning poorly.
Surprisingly, in their posttest, the experimental groups
showed greater improvement than the students in the
control group, which indicates that students’ exposure
to phenomenon-based learning with proof-writing and
phenomenon-based learning augmented their level of
mathematical originality or novelty.
Phenomenon-based learning has created its teaching
framework and provided a potentially positive learning
environment for learners in which they have plenty of
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opportunities to produce their bits of knowledge and
authentic experiences in connection with academic
theories, principles, and concepts to effectively solve the
imitated contexts and ultimately accomplish genuine
meanings of their learning goals [26].
PhBL creates opportunities for students to ponder
creatively about their thoughts in finding new ideas
or information from the learning process. Additionally,
it has been declared that through PhBL, students regularly
transmit outside knowledge into their discussions
critically, although they often repeat information and post
statements requiring further thought [27]. In this manner,
an individual exhibits originality when one makes an
answer that is unusual, uncommon, and novel, in a
mathematical situation, in a numerical circumstance.
Meanwhile, proof writing activities in the classroom
is a key to mathematical comprehension [28], and the
measure of a student’s mathematical understanding
can be found inside each student’s construction of proof
and application to solving problems they encountered.
Since proof-writing varies from one person to another,
originality of one’s understanding and techniques to
communicate what he/she understood is therefore
exercised.
Shown in Table 4 is the students’ pretest and posttest
mean scores and standard deviation in mathematical
elaboration as the last indicator of their mathematical
creativity. Still, before the start of the experiment both the
experimental and control groups obtained scores which
are described as a beginning. This means that before the
experiment, students’ level of elaboration has not been
manifested, is missing, and is functioning poorly.
Surprisingly, in their posttest, only the experimental
groups showed improvement which indicates that students’
exposure to phenomenon-based learning with proofwriting and phenomenon-based learning augmented their
level elaboration.
The improved posttest elaboration scores of the
participants in the experimental groups have been upheld
that the enhanced elaboration and thinking skills
in PhBL results in reinforcing students’ comprehensive
understanding of the phenomena occurring in their own
lives. In PhBL students are not passive recipients of
lessons, but proactive participants, adding and gaining
from the topic, giving them profound understanding [29].
Eventually, PhBL welcomes the innovative utilization
of technology, and exploiting learning environments
outside the school assumes a significant role in engaging
and activating students in learning [30]. PhBL approach
inspires students to figure out how topics are related to

each other, empowering them to exercise the way they
explain things around them [29]. Consequently, students
create causal explanations for the connections between
objects observed in phenomena [31]. Students learn by
phenomena-based learning through demonstration activities
about natural phenomena related to optic materials,
evaluation, discussions, experimental activities, and reflection
on investigation activities. Such learning helps students to
practice explaining [32].
Thus, students exposed to PhBL with proof writing still
had the highest posttest score in elaboration among the
three groups. This is supported by the study of [33] when
they interviewed mathematicians. One of the mathematicians
they interviewed expressed that if one becomes acquainted
with study proofs one gets rehearsed with mathematical
reasoning, something one can draw extraordinary advantages
of problem-solving because problem-solving is an art of
formulation. Since, phenomenon-based teaching is embedded
in a problem-solving environment, where the teacher
begins by posing questions or problems and the students
build answers together to questions or problems posed
concerning a phenomenon that interests them [7,25], the
consolidation of classroom proof-writing activities in this
strategy can bring impact to students elaboration skills
[32].
Table 5 below shows the students’ level of creativity
which is from the sum of the students’ level of fluency,
flexibility, originality, and elaboration. It can be gleaned
from the table that before the start of the experiment both
the experimental and control groups obtained scores
which they are described as productive. This means that
before the experiment, students’ level of mathematical
creativity is still in technical creativity, which means that
students used rules and physical laws to constrain their
thinking, with little expressive spontaneity. Things that
emerge to them may be new, but may already be
known to the world allowing them to create expressions in
a myriad of ways. Impressively, the students exposed to
phenomenon-based learning with proof writing managed
to show mathematical creativity scores in the level of
innovative creativity which indicates that their creativity
level involves departing from existing thinking patterns
and making the leap to “out of the box” thinking,
creating some results in something that seemingly has not
been done before. Eventually, students exposed to
phenomenon-based learning alone managed to improve to
inventive creativity which means that they were able to
develop the ability to creatively combine existing
technical concepts using prior design solutions to create
new designs.

Table 4. Level of Students’ Elaboration in MCT
Pretest

Postest

Group of Learners

Descriptive Level
Mean

SD

CG

1.78

0.82

EG1

1.77

EG2

1.76

Perfect Mean is 5.00.

Descriptive Level
Mean

SD

Beginning

1.46

0.76

Beginning

0.60

Beginning

2.62

0.42

Approaching Proficiency

0.81

Beginning

2.92

0.57

Approaching Proficiency
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Table 5. Level of Students’ Creativity in MCT
Group of Learners
CG
EG1
EG2

Pretest
Mean
6.75
6.98
6.73

SD
2.21
2.39
2.28

Descriptive Level
Technically Creative
Technically Creative
Technically Creative

Postest
Mean
7.20
11.51
14.05

SD
1.30
1.53
1.50

Descriptive Level
Technically Creative
Inventive Creativity
Innovatively Creative

Perfect Mean is 20
Legend:
Mean Intervals Description
16.20 - 20.00 Emergent Creativity
12.40 - 16.19 Innovatively Creative
8.60 - 12.39 Inventive Creativity
4.80 - 8.59 Technically Creative
1.00 - 4.79 Expressive Creativity.

Mathematical creativity is the capacity of the students
to generate their creative ideas or plans to solve the
open-ended mathematical problems with the utilization
of creative problem-solving skills [34]. Creativity in
mathematics requires the activation of multiple ideas,
and sources of information simultaneously, to think of
alternative solutions for mathematical problems.
Accordingly, it’s significant to note that the starting
point of phenomenon-based teaching is constructivism, in
which students are viewed as active knowledge builders,
and information is seen as being constructed as a result
of problem-solving. Ideas are constructed out of
“little pieces” into a whole that suits the situation in
which it is used at the time. When phenomenon-based
learning occurs in a collaborative setting, it supports the
sociocultural and socio-constructivist learning theories, in
which information is not seen only as an internal element
of an individual; instead, information is seen as being
formed in a social setting [25]. Students, who are viewed
to be active actors in their lifelong learning cycles, are
aware of their own learning and acquire a joyful, creative,
and reflective activity and strategies of how to learn, to
ensure a good life [35]. Positive emotional encounters the
joy of learning and creative activities promote learning
and motivate the students to build their creativity.
PhBL is a strategy that takes advantage of the
phenomenon as a learning asset [31,36]. Students can
make a portrayal of the phenomenon investigated to be
involved in cognitive processes [36]. The phenomenon
that is presented through simulation can build up students'
ability to organize and analyze the question, then select
and develop solutions to the problems being studied
[37] that hereby result in creativity. Further, phenomenonbased learning assists students’ understanding of physics
and other sciences through problems presented and
solving these problems based on phenomena [32].
Moreover, students’ exposure to classroom proofwriting activities encourages them to think beyond the
four corners of the classroom. Expanded information
about different elements of proof conveys something
about the significance of proof in mathematical practice,
and their awareness should therefore be essential for how
newcomers experience the practice. The similarity between
proving and problem-solving has been studied and discussed.
This is an interesting perspective as we can likewise think
the other way around, i.e., students can learn techniques
and concepts in problem-solving that they can use in proving
tasks [33]. This suggests that the ability of reasoning plays
an important role in the success of students. Those who

have good reasoning skills are expected to have a good
learning achievement that includes creativity.
Furthermore, to determine if there is a significant effect
of the treatment on the mathematical creativity profile of
the participants, analysis of covariance (ANCOVA) was
used.
Reflected in Table 6 is the result of the analysis of
the covariance of the participants’ level of mathematical
creativity. It can be gleaned from the table that,
after adjustment for students’ pre-test in mathematical
creativity test, there was a statistically significant
difference in post-test mathematical creativity scores
between three groups, F(2, 99) = 642.30, p < .0005,
which led to the rejection of the null hypothesis of
the study. Thus, there is a significant difference
in the students’ mathematical creativity scores in favor
of the experimental group. This further implies
that the experimental groups who were exposed to
phenomenon-based learning with proof-writing and
phenomenon-based learning alone performed better than
the control group who were exposed to a conventional
type of learning. Though the control group showed an
increase in their posttest mathematical creativity score, as
shown in the previous table, this increase is not
comparable to the mean increase of the participants in the
experimental groups.
Consequently, post hoc analysis was performed with a
Bonferroni adjustment. Post-test mathematical creativity
scores were statistically significantly greater in students
exposed to phenomenon-based learning with proof writing
than the other two groups of students. Further, students
exposed to phenomenon-based learning alone may not
outperform students exposed to phenomenon-based learning
with proof writing, but they still had significantly higher
posttest mean scores compared to students exposed to the
conventional type of teaching. Thus, students in the two
experimental groups performed way better than the
students in the control group as what can be seen in Table 6,
phenomenon-based learning and proof-writing could be a
perfect combination in promoting students’ mathematical
creativity.
It has been recommended that pragmatic tasks and
real-life mathematical problems which are based on the
procedure can be used to help students to foster their
mathematical creativity [38]. Instruments used to assess
mathematical creativity and creative problem solving on
mathematics can be created dependent on the meaning of
mathematical creativity to determine the parameters of
fluency, flexibility, and originality.

682

American Journal of Educational Research
Table 6. One-Way ANCOVA Unequal n Summary of Students’ Mathematical Creativity in MCT
Source of Variation

df

Adjusted Sum of Squares

Adjusted Mean Squares

F

p-value

225.755

0.000*

Treatment Between Groups

2

642.30

321.15

Error

99

140.83

1.423

Total

103

13098.98

*Significant at 0.05 level.

The results above are likewise upheld by the study of
Kozlowski, Chamberlin, & Mann, [39]. In their study,
they inferred that it is simpler for the students exposed to
phenomenon-based learning to come up with a variety of
possible solution paths than it is for others. Their study
outlined the relationship between students’ interaction
with multiple solutions tasks and their ability to create
original, flexible, and fluent solutions.
Further, phenomenon-based learning has several
benefits for students. New experiences about phenomena
can prompt questions in the minds of students. Through
phenomenon-based explanations, students may gain
preferred memories than the teacher's explanation [40].
Some activities in phenomenon-based learning among
students observe phenomena, conduct an inquiry, compile
temporary explanations, the final explanation, and provide
reasons to support the explanation.
Indeed, phenomenon-based learning can accomplish
concept acquisition. During phenomenon observation,
students may have intellectual conflicts [41]. Phenomenon
observation and explanation assists students to confront
and improve their concepts [42]. With a phenomenon,
students work on planning evidence-based scientific
explanations by collecting, discussing, and interpreting
data [36]. By assessing scientific ideas, which are
principles, concepts, or theories, and comparing them with
the data, it will give students a profound comprehension
of the ideas. Based on theoretical studies, experiential
learning and phenomenon-based learning process gives a
positive outcome on concepts acquisition and coordinated
with the idea of the application of sciences and
mathematics just like physics [43].
Additionally, proofs are the core of mathematics and
they assume an intricate role in generating mathematical
knowledge and understanding [44]. Students’ exposure to
classroom proof-writing activities in the study, has
likewise enabled them to outperform the other two groups
of students. This is strengthened by the words of Salleh &
Zakaria [45] that the Thai middle school students perform
a significant relationship between the ability of reasoning
with their math learning outcomes. This suggests that the
ability of reasoning plays an essential role in the success
of students. Those who have good reasoning skills are
expected to have good learning achievement. Experienced
proof-writing solvers show various phases in their solution
process [46], and achieve an understanding that more than
one approach can prompt equivalent results and the ability
to solve problems in different ways, which are the
portrayal of mathematical creativity [47].
Further, in proving tasks, which emphasizes the role of
an individual’s problem-solving process highlights the
development of creativity by establishing the foundations
for creativity in novel situations. During the proving
process, a student should be encouraged to create new

ideas, explore various concepts, and evaluate those
attempts to ultimately create a valid proof [5]. Creativity
can also include creating tools or tricks in the proving
process. One can be very creative about how he
approaches the solving process of the question, either with
new tools or with a really good idea for a partial result.
Using these tricks or tools can be original to the student or
the course, thus leading to relative creativity in their
proving. Thus, proving can inform both students and
teachers about the progression that a student is making in
building up his/her mathematical creativity [5].

4. Conclusions and Recommendations
Based on the foregoing findings that undergone
in-depth analysis, the researcher concludes that
Phenomenon-based learning with proof writing is an
effective combination in improving students’ mathematical
creativity. The phenomenon-based approach to teaching
and learning invites us to break the boundaries
of traditional subject teaching and move toward
interdisciplinary explorations of phenomena. Phenomena
can drive the lesson, learning, and reflection/monitoring
throughout. Using phenomena in these ways leads to
deeper learning and helps students build more usable and
generative knowledge. The researchers hereby recommend
that phenomenon-based learning be used in teaching
mathematics in tertiary education. Future research can
consider student perspectives when choosing phenomena.
This study can also be used to know if there will be an
improvement to students’ reasoning skills. This project
can be replicated in any country and any level.

Acknowledgments
The researcher expresses her heartfelt gratitude and
greatly acknowledges the support and valuable efforts of
the following people whose unfaltering support has
contributed a lot to the completion of this research study.
The Dean of the College of Science and Technology
Education of USTP Dr. Laila S. Lomibao as her
dissertation adviser, for her earnest efforts and patience in
checking the manuscripts, as well as her guidance, support,
and encouragement that inspires the researcher throughout
the study. The panel of examiners: Dr. Charita A. Luna,
Dr. Rosie G. Tan, Dr. Marife V. Ubalde, and Dr. Elmer
Castillano for their great assistance, constructive
criticisms, and invaluable feedback to strengthen and
improve the study. The researcher also thank Dr. Joseph
Elmer G. Noval, college dean of AMACC Davao for
allowing the researcher to conduct the study and for
his recommendation to kto12 scholarship. Lastly, to

American Journal of Educational Research

the Commission on Higher Education for awarding a
scholarship.

[23]

References
[1]

[2]

[3]
[4]
[5]

[6]

[7]

[8]

[9]
[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]
[21]
[22]

Azmidar, A., Darhim, D., & Dahlan, J. A. (2017, September).
Enhancing Students’ Interest through Mathematics Learning. In
Journal of Physics: Conference Series (Vol. 895, No. 1, p. 012072).
IOP Publishing.
Frenzel, A. C., Goetz, T., Pekrun, R., & Watt, H. M. (2010).
Development of mathematics interest in adolescence: Influences of
gender, family, and school context. Journal of Research on
Adolescence, 20(2), 507-537.
Meissner, H. (2000). Creativity and mathematics education. In
meeting of the International Congress on Mathematics Education,
Tokyo, Japan.
Lev-Zamir, H., & Leikin, R. (2011). Creative mathematics
teaching in the eye of the beholder: focusing on teachers'
conceptions. Research in Mathematics Education, 13(1), 17-32.
Savic, M., Karakok, G., Tang, G., El Turkey, H., & Naccarato, E.
(2017). Formative assessment of creativity in undergraduate
mathematics: Using a creativity-in-progress rubric (CPR) on
proving. In Creativity and giftedness (pp. 23-46). Springer, Cham.
Gilat, T., & Amit, M. (2014). Revealing Students' Creative
Mathematical Abilities through Model-Eliciting Activities of"
Real-Life" Situations. North American Chapter of the International
Group for the Psychology of Mathematics Education.
Symeonidis, V., & Schwarz, J. F. (2016). Phenomenon-based
teaching and learning through the pedagogical lenses of
phenomenology: The recent curriculum reform in Finland. In
Forum Oświatowe (Vol. 28, No. 2, pp. 31-47).
Karlsson, P. (2017). Teachers' perspective on the national core
curriculum of basic education 2016-Finding leverage in
supporting
upper-comprehensive
school
teachers
with
phenomenon-based learning and co-design.
De Villiers, M. (2010). Experimentation and proof in mathematics.
In Explanation and Proof in Mathematics (pp. 205-221). Springer,
Boston, MA.
Luo, W., Hogan, D., Tan, L. S., Kaur, B., Ng, P. T., & Chan, M.
(2014). Self‐construal and students’ math self‐concept, anxiety
and achievement: An examination of achievement goals as
mediators. Asian Journal of Social Psychology, 17(3), 184-195.
Kattou, M., Christou, C., & Pitta-Pantazi, D. (2015, February).
Mathematical creativity or general creativity?.
Kroesbergen, E. H., & Schoevers, E. M. (2017). Creativity as
predictor of mathematical abilities in fourth graders in addition to
number sense and working memory.
Dougherty, K. (2015). Global Trends in Project Based Learning:
From the UK, to Finland and Beyond! Education Insider.
Borja, M. (2011). Mathematical Creativity on Students’ Solutions
to Open-Ended Problems. Unpublished Masterâ€™ s Thesis.
Philippine Normal University.
Tough, P. (2016). Helping children succeed: What works and why.
Random House.
Al Kilani, M., & Kobziev, V. (2016). An Overview of Research
Methodology in Information System (IS). Open Access Library
Journal, 3(11), 1-9.
Hovorka, D. S., Rees, M. J., & Alkilani, A. H. (2010). A design
framework for researching collaborative learning environments.
Wollack, J. A., Young, M., Klein, E., & Westphal-Johnson,
N. (2011). An assessment of writing outcomes in the first
semester of college at the University of Wisconsin-Madison: a
pilot study.
Bleiler-Baxter, S. K., & Pair, J. D. (2017). Engaging students in
roles of proof. The Journal of Mathematical Behavior, 47, 16-34.
Airaksinen, T., Halinen, I., & Linturi, H. (2017). Futuribles of
learning 2030-Delphi supports the reform of the core curricula in
Finland. European Journal of Futures Research, 5(1), 2.
Bobrowsky, M., Korhonen, M., & Kohtamäki, J. (2014). Using
physical science gadgets and gizmos, grades 6-8: Phenomenonbased learning (Vol. 1). NSTA Press.
Guswinda, G., Yuanita, P., & Hutapea, N. M. (2019).
Improvement of Mathematical Problem Solving and Disposition
Ability of MTs Students through Strategies. Think Talk Write in

[24]

[25]
[26]
[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[43]

[44]

683

Cooperative Learning in Kuantan Singingi Regency. Journal of
Educational Sciences, 3(3), 377-389.
Yaniawati, P., Kariadinata, R., Sari, N., Pramiarsih, E., & Mariani,
M. (2020). Integration of e-Learning for Mathematics on
Resource-Based Learning: Increasing Mathematical Creative
Thinking and Self-Confidence. International Journal of Emerging
Technologies in Learning (iJET), 15(6), 60-78.
Stylianides, A. J., Bieda, K. N., & Morselli, F. (2016). Proof and
argumentation in mathematics education research. In The second
handbook of research on the psychology of mathematics education
(pp. 315-351). Brill Sense.
Silander, P. (2015). Phenomenon based learning. Retrieved
August, 1, 2018.
Nguyen, H. P. (2018). Phenomenon-based Learning in Finnish
and Vietnamese Upper Secondary School Curriculum for English
as a Foreign Language.
Abdel Halim, A. A., Abrahamson, E., Abrahamson, E., Abrams,
D., Hogg, M. A., Ackroyd, S., & Adams, J. S. (2016). Research on
workplace creativity: A review and redirection. In Misbehavior in
Organizations: A Dynamic Approach (Vol. 31, No. 2, pp. ii-xvi).
London: Bloomsbury.
Hanna, G. (2000). A critical examination of three factors in the
decline of proof. Interchange, 31(1), 21-33.
Valanne, E., Al Dhaheri, M. R., Kylmalahti, M. R., & Heidi, M.
(2017). Phenomenon based learning implemented in abu dhabi
school model. International Journal of Humanities and Social
Sciences, 9(3), 1-17.
WAKIL, K., RAHMAN, R., HASAN, D., MAHMOOD, P., &
JALAL, T. (2019). Phenomenon-based learning for teaching ict
subject through other subjects in primary schools. Journal of
Computer and Education Research, 7(13), 205-212.
Basu, S., Sengupta, P., & Biswas, G. (2015). A scaffolding
framework to support learning of emergent phenomena using
multi-agent-based simulation environments. Research in Science
Education, 45(2), 293-324.
Yuliati, L., & Parno, P. (2018, August). Exploration of Physics
Problem-Solving Skills Within Phenomenon-Based Learning In
Senior High School Students. In Proceedings of the International
Conference on Education (Vol. 4, No. 1, pp. 97-103).
Hemmi, K., & Löfwall, C. (2010). Why do we need proof. In
CERME 6, Congress of the European Society for Research in
Mathematics Education. Institut National de Recherche
Pedagogique.
Fortes, E. C., & Andrade, R. R. (2019). Mathematical Creativity
in Solving Non-Routine Problems. The Normal Lights, 13(1).
Finnish National Board of Education (FNBE). (2016). National
Core Curriculum for Basic Education 2014. Helsinki: Finnish
National Board of Education.
Louca, L. T., & Zacharia, Z. C. (2015). Examining learning
through modeling in K-6 science education. Journal of Science
Education and Technology, 24(2-3), 192-215.
Chen, M. H., Chang, Y. Y., & Lo, Y. H. (2015). Creativity
cognitive style, conflict, and career success for creative
entrepreneurs. Journal of Business Research, 68(4), 906-910.
Jaimangal-Jones, D., Robertson, M., & Jackson, C. (2018). Event
futures: innovation, creativity and collaboration. International
Journal of Event and Festival Management.
Kozlowski, J. S., Chamberlin, S. A., & Mann, E. (2019). Factors
that influence mathematical creativity. The Mathematics
Enthusiast, 16(1), 505-540.
Hofstein, A., Kipnis, M., & Kind, P. (2008). Enhancing
Students'meta-Cognition and Argumentation Skills. Science
education issues and developments, 59.
Marušić, M., & Sliško, J. (2012). Influence of three different
methods of teaching physics on the gain in students' development
of reasoning. International Journal of Science Education, 34(2),
301-326.
Kaewkhong, K., Mazzolini, A., Emarat, N., & Arayathanitkul, K.
(2010). Thai high-school students’ misconceptions about and
models of light refraction through a planar surface. Physics
Education, 45(1), 97.
Yuliati, L., & Mufti, N. (2020, January). Acquisition of projectile
motion concepts on phenomenon based physics’ experiential
learning. In Journal of Physics: Conference Series (Vol. 1422, No.
1, p. 012007). IOP Publishing.
Rav, Y. (1999). Why do we prove theorems? Philosophia
mathematica, 7(1), 5-41.

684

American Journal of Educational Research

[45] Salleh, F., & Zakaria, E. (2009). Non-routine Problem-solving and

[47] Leikin, R., & Lev, M. (2007, July). Multiple solution tasks as a

Attitudes toward Problem-solving among High Achievers.
International Journal of Learning, 16(5).
[46] Carlson, M. P., & Bloom, I. (2005). The cyclic nature of problem
solving: An emergent multidimensional problem-solving
framework. Educational studies in Mathematics, 58(1), 45-75.

magnifying glass for observation of mathematical creativity. In
Proceedings of the 31st international conference for the
psychology of mathematics education (Vol. 3, pp. 161-168). Seoul,
Korea: The Korea Society of Educational Studies in Mathematics.

© The Author(s) 2020. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

