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For the advancement of humanity, scientific creativity is a crucial skill
for coming up with innovations, addressing existing issues and inter-
preting particular scientific phenomena. The present study aimed to de-
termine the scientific creativity level of 23 primary school students.

In a single cross-sectional study, a descriptive survey questionnaire
modelled on the Scientific Structure Creativity Model (SSCM) incorpo-
rated a seven-item scientific creativity test specifically designed to align
with the backgrounds of primary school students. The results show that
the students have a balance between a low or intermediate scientific
creativity level. Of the 23 respondents, 8 have a low scientific creativity
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ative in creative science problem solving. The researchers recommend
an intervention such as integrating the arts into the STEM curriculum
to help develop students’ scientific creativity.
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THINKING WHAT NO ONE ELSE HAS THOUGHT

Misliti, esar ni mislil $e nih¢e drug: raziskovanje
znanstvene ustvarjalnosti osnovnosolcev pri pouku
naravoslovja

SHANAIA MARIE FERNANDEZ, PAULINE KAYE MADELO, RAY ANNE Lu Suico,
Jas FELicISIMO CANE, JoY MAGSAYO, MAE CAPUYAN, NYET MoI SIEW IN
DHAREL AcUT

~> Znanstvena ustvarjalnost je za napredek ¢lovestva klju¢na spretnost pri
snovanju inovacij, reSevanju obstojecih vprasanj in razlagi doloc¢enih
znanstvenih pojavov. Namen te $tudije je bil ugotoviti raven znanstvene
ustvarjalnosti pri 23 osnovnosolskih u¢encih. V enkratni prese¢ni tudiji
je opisni anketni vprasalnik, oblikovan po vzoru t. i. modela struktu-
re znanstvene ustvarjalnosti (Scientific Structure Creativity Model ali
SSCM), vkljuceval sedemdelni test znanstvene ustvarjalnosti, ki je bil
posebej oblikovan tako, da je ustrezal predznanju osnovnosolcev. Rezul-
tati so pokazali, da so u¢enci uravnoteZeni med nizko in srednjo stopnjo
znanstvene ustvarjalnosti. Od 23 anketirancev jih ima osem nizko ra-
ven znanstvene ustvarjalnosti, osem jih je pokazalo srednjo raven znan-
stvene ustvarjalnosti in sedem anketirancev visoko raven znanstvene
ustvarjalnosti. Anketiranci so najbolj znanstveno ustvarjalni pri ustvar-
jalnem resevanju naravoslovnih problemov. Raziskovalci priporocajo
uvedbo ukrepa, kot je vklju¢evanje umetnosti v u¢ne nacrte pri predme-
tih s podro¢ij naravoslovja, tehnologije, inzenirstva in matematike (angl.
STEM), ki bi pomagala razvijati znanstveno ustvarjalnost u¢encev.

Kljucne besede: osnovnosolci, reSevanje problemov, znanstvena
ustvarjalnost, izobrazevanje STEM, model strukture znanstvene
ustvarjalnosti (SSCM)
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Introduction

Creativity is a vital phenomenon that puts its imprint on every activity
(Borowiecki & Mauri, 2023). In today’s fast-paced and modern world, dealing
with any scenario requiring complex thinking and solutions is essential. People
are constantly searching for fresh ideas for beneficial reasons and to solve diffi-
culties in their daily lives (Marx, 2006; Acut & Antonio, 2023). As a result, every
country’s education system places a high value on children’s cognitive abilities
and growth (Darling-Hammond et al., 2019).

Scientific creativity is a specific domain of creativity. It is defined as an
ability or a cognitive trait that leads to producing original and practical prod-
ucts that have a designated use from a given set of conditions (Hu & Adey,
2002), and it is one of the most critical factors in the development of human-
kind (Hu et al., 2010). Hu and Adey (2002) have developed a theoretical model
called the Scientific Structure Creativity Model (SSCM), which covers three
dimensions of scientific creativity: product, trait and process. The product di-
mension includes the technical product, science knowledge, the science phe-
nomenon and the science problem. The process dimension contains imagina-
tion and thinking, while the trait dimension comprises fluency, flexibility and
originality, based on Torrance’s (1990) main aspects of creativity. Fluency refers
to the quantity of original ideas produced, flexibility is the ability to adapt to
volatile situations and not be bound by traditional approaches if they are no
longer applicable, and originality depends on the frequency or rarity of the an-
swers given.

Accordingly, various interventions have been developed to cultivate the
individual’s scientific creativity. Bi et al. (2020) categorised the interventions
into four types: problem solving, collaborative learning, conceptual construc-
tion and scientific reasoning. Problem-solving interventions improve the prod-
uct dimension; collaborative learning and conceptual construction interven-
tions cultivate the process dimension; and scientific reasoning interventions
develop the trait dimension of scientific creativity. The present study focuses
on scientific reasoning interventions. Scientific reasoning trains the traits of
scientific creativity (fluency, flexibility and originality) and the production of
the individual’s hypotheses and predictions (Bi et al., 2020).

Creativity is a widely known and extensively researched topic, but the
same could not be said for scientific creativity. A total of only 2,566 English-
language articles were found that included the words ‘scientific creativity’
and were published between 2001 and 2019 (Wiyanto et al., 2020). Learning
institutions should encourage and advocate enhancing creative thinking for
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problem-solving situations or open-ended questions. Although scientific crea-
tivity is one of the most critical factors in the development of humankind (Hu
etal., 2010), the skill of scientific creativity has yet to be acknowledged or deep-
ly considered in primary schools (Siew et al., 2015).

In order to broaden the existing knowledge and research about scientific
creativity, the present study investigates primary school students’ scientific cre-
ativity. Abd-el and Lederman (2000) claim that creativity plays an essential role
in science learning and discoveries. There is so much that science can disclose,
and every step in the discovery process requires creativity before achieving an
outcome. Many people still fail to realise the significance of creativity in science
and problem solving, primarily due to the lack of articles and research explain-
ing and emphasising its value. The present research aims to further the under-
standing of scientific creativity and explore the scientific creativity of primary
school students in order to develop their comprehension of science, which is
essential in enabling them to develop a fundamental understanding of science
(Meador, 2003).

The scientific creativity assessment tool developed by Hu and Adey
(2002) based on the Torrance Test of Creative Thinking (Torrance, 1990) has
been utilised in many research studies as a basis for analysis and interpretation
of students’ scientific creativity. The Torrance Test of Creative Thinking (TTCT)
evaluates the individual’s creativity regarding the traits of fluency, flexibility and
originality. However, the test only caters to general creativity. Several research-
ers have created their own scientific creativity tests, such as Friedlander (1983),
Majumdar (1975) and Sinha and Singh (1987), but these tests rely on the stu-
dent’s science knowledge and are therefore unsuitable for junior high students
with less scientific knowledge (Hu & Adey, 2002). Hu and Adey’s (2002) Scien-
tific Structure Creativity Model (SSCM) is designed to produce more reliable
and accurate results by taking into account the students’ limited knowledge. In
the present research, the test created by Hu & Adey (2002) will be applied to
evaluate the scientific creativity of primary school students by scoring the as-
sociated traits (Figure 1). Although the items are localised or contextualised, the
main idea of the items remains the same.
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Figure 1
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As reported, scientific creativity has yet to be widely acknowledged and
studied in primary schools. The present study aimed to explore whether and
how the SSCM could be used to investigate scientific creativity, particularly the
trait dimension, in young students. Hence, the findings of the research may be
used to improve scientific creativity so that students can learn how to apply it
themselves and develop their creative thinking when doing scientific activities,
such as research, thus expanding their understanding of science and helping
them to discovering new things more efficiently. Specifically, the study aimed
to answer the following research questions:

RQ1: How scientifically creative are the respondents’ answers regarding:

1.1 scientific uses of a piece of glass;

1.2 scientific questions when discovering a new animal species;

1.3 possible improvements to a jeepney (a public utility vehicle resem-

bling a minibus);

1.4 hypothetical scenarios in the case of having no sun;

1.5 possible equations that are equal to 10;

1.6 testing which napkin is better; and

1.7 designing a coconut picking machine?

RQ2: What is the level of the respondents’ scientific creativity in terms of:

2.1 originality;

2.2 fluency; and
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2.3 flexibility?
RQ3: What implications and recommendations can be drawn from the find-
ings of the study?

Method

Participants

The participants of the study were 23 sixth-grade students (57% female,
43% male) in a Department of Education-recognised private institution in
Metro Cebu, Philippines. The respondents were briefed on the purpose of this
study and were given a letter of consent enabling them to choose whether or
not to voluntarily take part in the survey. The completed questionnaire forms
were considered as given consent. The respondents’ identities remained anony-
mous and the results of the surveys were treated with the utmost confidenti-
ality. School guidelines regarding data privacy were strictly adhered to, as is
evident in the FORUM Research Committee Certification (0001/2021-STEM
Fernandez).

Instruments

In order to obtain the required data, the researchers utilised a question-
naire from Hu and Adey’s (2002) research entitled “A Scientific Creativity Test
for Secondary School Students”, which is based on the Scientific Structure Crea-
tivity Model (SSCM). The questionnaire had seven items and was altered to lo-
calise the test. These items were provided to help students understand what was
required. The test also assessed the students’ sensitivity to science problems,
their ability to improve a technical product, their scientific imagination, their
creative science problem-solving ability, their creative experimental ability, and
their creative science product design ability. Each item evaluated the students’
flexibility, fluency and originality, all of which significantly influence a person’s
scientific creativity. Specifically, items 1, 2, 3 and 4 evaluated the students’ flex-
ibility, fluency and originality, while items 5, 6 and 7 only appraised their origi-
nality and flexibility. The researchers made use of Google Docs as a platform
to distribute the questionnaires. The instruments used in the study underwent

pilot testing to ensure validity and reliability.
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Table 1

Sample questions from the scientific creativity questionnaires

Area

No. of Items Sample Item

Flexibility 7

You are given the freedom to do anything you want with the piece of
glass you were given. Write down as many possible scientific uses as
you can for that piece of glass. For example, it can be used to make a
test tube.

Fluency 4

Suppose you live on Mars, what do you think life would be like? For ex-
ample, our houses would be specially designed to withstand the harsh
conditions of the planet.

Originality 7

Design a coconut picking machine. Draw a picture on a piece of paper,
and point out the name and function of each part. Take a picture of the

drawing and attach it below.

The researchers utilised Hu and Adey’s (2002) scoring guide for all of the items.

They also adopted Genek and Doganca KiigiiK’s (2020) scoring guide for the

item that measures students’ creative science product design ability.

Table 2

Scoring guide for the scientific creativity test

. Targeted Creative  Dimension .
Item Number (Question) Ability Covered Scoring
1. You are given the freedom to do Using an object Fluency 1 point for each
anything you want with the piece  for a scientific response
of glass you were given. Write purpose
down as many possible scientific Flexibility 1 point for each
uses as you can for that piece of approach or area
glass. For example, it can be used
to make a test tube. Originality <5%: 2 points
5-10%: 1 points
>10%: O points
2. If you came across an island with  Sensitivity to Fluency 1 point for each
an animal species that you had science problems response
never seen or read about before,
what scientific questions would Flexibility 1 point for each
you want to research? Please list approach or area
as many as you can. For example,
what animal classification do they Originality <5%: 2 points
belong to? 5-10%: 1 points
>10%: O points
3. You are a jeepney driver wanting  Ability to improve  Fluency 1 point for each
to attract as many customers a technical response
as you can. Think of as many product
possible improvements as you can Flexibility 1 point for each
to a regular jeepney, making it approach or area
more interesting, more useful and
more beautiful. If needed, explain Originality <5%: 2 points

why. For example, make the tires
reflective, so they can be seen in
the dark.

5-10%: 1 points
>10%: O points

7
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. Targeted Creative  Dimension .

Item Number (Question) Ability Covered Scoring

4. If our planet had no sun, what Scientific Fluency 1 point for each
do you think would happen? If imagination response
needed, explain why. For example,
the process of photosynthesis Flexibility 1 point for each
would not occur. approach or area

Originality <5%: 2 points
5-10%: 1 points
>10%: O points

5. Using the four basic operations, Creative science Flexibility 1 point for each
write as many possible equations  problem solving approach or area
as you can that would give a ability
result of 10. The equation must Originality <5%: 3 points
only have two whole numbers 5-10%: 2 points
and one operation. For example, >10%: 1 point
-1+11=10.

6. A company is conducting a Creative Flexibility 3: Procedures
survey on their product and you experimental 3: Instruments
have been chosen as one of the ability 3: Purpose
product testers. You are given
two kinds of tissue paper from Originality <5%: 4 points
different companies, both without 5-10%: 2 points
labels. How can you test which >10%: O points
is better? Please list as many
possible methods as you can, as
well as the instruments, principles
and a simple procedure.

7. Design a coconut picking Creative science Flexibility 3 points for each
machine. Draw a picture on a product design function
piece of paper, and point out the ability
name and function of each part. Originality 0: Machine does not

Take a picture of the drawing and
attach it below.

collect coconuts

1: Collecting with

a machine hand

or collecting the
coconuts that have
fallen

2: Collecting coconuts
with a vacuum

3: One distinctive
original function

4: More than one
distinctive original
function

5: Original collection
method

Research Design

This cross-sectional study utilised a descriptive survey questionnaire
design to investigate and measure the scientific creativity of primary school
students. The scoring guide was based on Hu and Adey’s (2002) grading crite-
ria, along with a few modifications adapted from Genek and Doganca Kii¢tik’s
(2020) investigatory study of scientific creativity.

The respondents were asked to answer the given questionnaire, which
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required basic scientific knowledge, only once. The questions were answered
through Google Docs distributed through Google Classroom, providing a
more convenient method of answering and recording the answers. The students
were given 9o minutes to answer the survey.

The researchers started by giving a brief background about the study and
relaying the instructions for the test. Due to time constraints, the students were
given only 3-4 items from the questionnaire per meeting. The test was com-
pleted over a period of two days. The researchers collected the questionnaire
data, tallied it and calculated the class’s general mean. The results were analysed
through the SSCM to determine how scientifically creative the students were,
focusing on their flexibility, originality and fluency. The research conclusions
were then constructed based on the study’s findings.

Data Analysis

Descriptive statistics were used for this study, especially the class’s gen-
eral mean. The minimum and maximum test scores of the students were also
presented and analysed. The class’s general mean was used to analyse the overall
scientific creativity level of the students by comparing it to the means of other
studies, thereby establishing a basis for judgment and conclusion. A general
mean higher than the general mean of other studies would imply that the stu-
dents in the study are more scientifically creative.

The students were also categorised according to their level of scientific
creativity, thus determining whether they have a low, medium or high level of
scientific creativity. All of the calculations were done in Google Sheets.

Results

This section presents the test results, including the respondents’ scores,
the frequency of the answers for the originality trait, the frequency of students
whose scores fall in a specific range, and the comparison of the present study’s
general mean with other studies.

Fluency, flexibility and originality traits of the respondents

The students’ answers primarily contribute to their overall score and re-
sults in the scientific creativity test. Their scientific creativity score will differ
depending on the quality, variety and number of answers in the completed test.
The scores for the originality trait of each item were based on their percentage,
as per Hu and Adey’s (2002) scoring guide. The only exception is Item 7, which
follows Genek and Doganga Kii¢tik's (2020) scoring guide. The tables below
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present the answers of the class as well as their percentage of originality. The
fluency and flexibility means of each item are also briefly discussed.

It should be noted that these results have been arrived at after careful
consideration and inspection of the answers, so responses that fail to answer
the question or do not make sense have been disregarded. For Item 1, there is a
total of 36 answers. The summary of the answers is presented in Table 3.

Table 3
Responses and originality percentage for Item 1 (i.e., scientific uses of a piece of glass)

Student Responses Frequency Percentage Scores Sources*
Weapon (broken shard as a dagger) 1 2.78% 2 R1
g)tgze)mngs (windows, sliding doors, 2 556% 1 R1 R4
ﬁ'fgh:tnc L)‘tens"s (bowl, measuring 6 16.67% 0  RI,R2 RS RI6 RI7 R21
Bells 1 2.78% 2 R1
I\;I:Sisser;ct)lcd)nems (pencil holder, 3 8.33% 1 R2, R16, R22
R2, R5, R10, R11, R13

o , R5, R10, R11, R13,
Storage 10 27.78% O RI5, RIS, R19, R20, R23
Experiment on it/with the glass 5 13.89% 0 R3, R7, R8, R18, R20
Laboratory equipment (test tube, 4 1% 0 RS, RO, R19, R22

beaker, etc.)
Repurpose the glass 1 2.78% 2 R12
Magnifying instruments (magnifying

2 5.56% 1 R14, R22
glass, eyeglasses, etc.)
Glass aquarium 1 2.78% 2 R4
Overall 36 100%

* R - Respondent

The most notable answers from this item are “turning the glass into a
pot to house seedlings”, “make bells with the glass”, and “make a weapon out of
the glass” Only one respondent had the bright notion of turning a piece of glass
into a weapon. The answer “storage” was the most frequent for this item, with
“kitchen utensils” coming second.

The students may have been influenced by or reminded of the common
glass storage containers or kitchen items that can be easily found in their own
homes, such as glass jars and bowls. This finding is in line with Genek and
Doganga KiiciiK’s (2020) study, in which “kitchen stuft” is also one of the most
frequent answers for this item. Respondent 1 had the most answers based on
their fluency trait, as well as providing the most original answers. This may have
been because R1’s answers included turning the glass into a weapon, one of the
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most unique answers for this item. Respondent 6 scored lowest for Item 1, as no
answers were given: this item was left blank on the paper. The mean score of the
respondents for this item is 1.42.

For Item 2, there is a total of 86 answers, considerably more than the

previous item. The answers and their originality are shown in Table 4.

Table 4
Responses and originality percentage for Item 2 (i.e., scientific questions when
discovering a new animal species)

Student Responses Frequency Percentage Scores Sources*

Place of Origin 5 5.81% 1 R1, R17, R18, R20, R21

Breed/kind/classification/family 7 8.14% 1 E}%’Rég’zmz’ RI5, R16,

Stof)y inspection (sex, limbs, organs, 6 6.98% 1 R1. R4, RS, R6, RO, R15
R1, R2, R5, R6, R7, R8,

Animal’s diet 13 1512% 0 R9,RI3, RIS, RIS, RI9,
R20, R22

Maximum size the animal can grow to 1 1.16% 2 R1

Strength of the animal 1 1.16% 2 R1

Limbs the animal can regrow 1 1.16% 2 R1

Wildness 2 2.33% 2 R2, R20

Friendliness 1 116% 2 R3

Ability to domesticate the animal 2 2.33% 2 R3, R15

Behaviour 4 4.65% 2 R5, R13, R15, R19

Biome/habitat 2 2.33% 2 R5, R22

Taste of the animal 1 116% 2 R6

ﬁ%ic’izltsl))ilities (night vision, jump 6 6.98% 0 21%R4, R7, R10, R16,

Eceaflir;sl‘;/;sc.a)b|llt|es (claws, hard 1 116% 2 R7

Name of the animal 4 4.65% 2 R8, R18, R19, R20

Edibility 1 1.16% 2 R8

Prey/predator 2 2.33% 2 R8, R15

Breeding habits 1 1.16% 2 R9

Locomotion (swim, flight, etc.) 3 3.49% 2 R9, R10, R16

Ability to lay or hatch from eggs 2 2.33% 2 R10, R12

Speed of locomotion (fast, slow, etc.) 2 2.33% 2 R1, R10

Weakness 1 116% 2 R12

Sleeping habits 1 116% 2 R12

Things they dislike 1 1.16% 2 R12

Level of danger to humans 4 4.65% 2 R13, R15, R19, R21

Endangered 3 3.49% 2 R14, R16, R20

2;1(;\;ival techniques (camouflage, 1 116% P RIS

Animal it is similar to 2 1.16% 2 R15, R17
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Student Responses Frequency Percentage Scores Sources*
Date of discovery 1 1.16% 2 R18
Method of approaching the animal 1 1.16% 2 R18
Lifespan 1 1.16% 2 R20
Contribution to the environment 1 116% 2 R21
Common ancestor 1 116% 2 R22

Overall 86 100%

* R - Respondent

The most notable answers from this item are “Is it a cannibal?” and
“How do they taste?” There was a great deal of variety in the answers from the
respondents. However, these answers stood out the most because none of the
other responses tackled the possibility of the animal being a cannibal or the
question of how it tastes. The response “animal’s diet” had the highest frequen-
cy, with a rather large gap to the response with the second highest frequency,
“breed/kind/classification/family of animal”. Many of the students would want
to know whether the unknown animal is a herbivore, carnivore, omnivore or
cannibal.

Respondent 15 had the highest score for this item, with the highest origi-
nality trait. This finding implies that Ri5 had unique answers, such as “survival
techniques” and “animal it is similar to”. The latter category has been separated
rather than including it within the category “breed/kind/classification/family of
animal’, as it asks for a specific animal. The respondents with the lowest score
for this item are R11 and R23, both of whom provided answers that were unre-
lated to the question and were therefore disregarded. The mean score for this
item is 4.58, which indicates a sign of creativity. The present study therefore
demonstrates a sign of creativity for this item.

There are 54 answers in total for Item 3. The summary of the responses

for this item is presented in Table 5.
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Table 5
Responses and originality percentage for Item 3 (i.e., possible improvements on a

jeepney)

Student Responses Frequency Percentage Scores Sources*
R1,R2, R3, R5, R6, R7,
R8, R9, R10, R11, R13,

H 0,
Make the design better 18 33.33% 0 RIS, R16, R17, R18, R19,
R20, R22
Increase seat capacity 3 5.56% 1 R1, R16, R17
Have good customer service 5 9.26% 1 R1, R2, R4, R16, R22
Add air conditioner/improve air 3 5.56% 1 R2, RS, R22
conditioner
Comfort of jeepney (cleanliness R2, R4, RS, R9, R10, RT,
ot for viiibi‘l’it yetc) : 13 24.07% 0 RI2, R4, RIS, R17,R2],
9 Y, etc. R22, R23
Put on music/avoid using loud o R2, R8, R10, R11, R13,
music / 12.96% 0 R15, R20
Make jeepney sound attractive 1 1.85% 2 R7
Increase jeepney’s speed 1 1.85% 2 R8
Put curtains 1 1.85% 2 R10
Increase jeep’s distance for travel 1 1.85% 2 RM
Put windows/open windows 1 1.85% 2 R21
Overall 54 100%

* R - Respondent

The most notable answer from this item is “putting barriers between
each seat for the comfort of the passenger and the sake of social distancing”
This response was the only answer in which the current situation was con-
sidered, and the change applied to the jeepney is most appropriate for people
these days. The category “make design better” had the highest frequency for
this item, with most of the students (18 out of 23) who included this category
in their answers believing that a better design could attract more customers.

This finding implies that targeting their sense of sight is more effective
for attracting customers. Respondent 2 had the highest total score for this item,
with the fluency trait being the highest. Although R2 does not have unique an-
swers, this is compensated for by the number of answers (for the fluency trait).
The respondents with the lowest score for this item had only 1 point for fluency,
1 point for flexibility and o for originality, which means that their single answer
for this item was not original. The mean total for this item is 2.04, indicating a
sign of creativity.

Item 4 has 61 answers, which are presented in Table 6.

13
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Table 6
Responses and originality percentage for Item 4 (i.e., hypothetical scenarios in a
case of having no sun)

Student Responses Frequency Percentage Scores Sources*
Temperature drops (includes the
collateral damage that comes with 0 16.39% 0 R1, R8, R10, R11, R13, R15,
it, i.e., freeze to death, planet turns =R R18, R19, R21, R23
cold, etc.)
. R1, R5, R11, R12, R13, R14,
No light 9 14.75% 0
R15, R16, R18
Change of weather/climate 2 3.28% 2 R1, R20
Plants’ growth and life can be R1, R2, R7, R8, R9, R1],
12 19.67% 0 R12, R14, R15, R17, R20,
affected R22
No oxygen 2 3.28% 2 R1, R2
. - R6, R7, R8, R13, R14, R15
o , R7,R8, R13, R14, RI15,
Humans and animals will die 10 16.39% 0 R17. R21, R22, R23
Efafzz'trgg and night time will be 4 6.56% 1 R3RILRI2,RI7
Solar energy can’t be used 4 6.56% 1 R3, R4, R5, R15
No orbit 4 6.56% 1 R5, R8, R13, R17
Mass hysteria 1 1.64% 2 R8
Usage qf an alternative technology 1 164% ) RS
for survival
Civilisation will move underground 1 164% 2 RS
for warmth
Lack of Vitamin D 1 1.64% 2 R15
Overall 61 100%

* R - Respondent

For this item, almost all of the respondents only mentioned how hav-
ing no sun would affect the organisms living on the planet. The most notable
answer for this item is “people will move underground for warmth utilising
heat-inducing technology”. This was the only response that addressed how hu-
mans could live or survive without the sun on our planet. The category “plants’
growth and life can be affected” has the highest frequency count, followed by
“humans and animals will die” and “temperature drops” by a small margin.

As mentioned above, the categories are the effects of a sunless situation
at the surface level or the primary effects if such an event were to occur. The
categories with the lowest frequency are “mass hysteria’, “civilization will move
underground for warmth”, “usage of alternative technology for survival’, and
“lack of vitamin D”. On close examination, it is clear that the categories with
the lowest frequency are secondary effects or the reaction to primary effects:
mass hysteria occurs in response to the sudden changes in the environment;
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civilisation moving underground occurs in response to the drop in temperature
and the death of vegetation on the surface; the use of alternative technology
for survival is a response to the changing living conditions such as no light,
death of animals and plants, and so on; and the lack of Vitamin D is the body’s
response to having no sun. The respondents who answered these categories
demonstrated good critical thinking skills.

Respondent 8 has the highest score for this item and, as is evident from
the table above, R8 also has the most original answers. Similar to the previous
item, the respondents with the lowest score for this item have 1 point for fluency
and 1 point for flexibility, which means that they gave a single answer, and that
the answer is not original or unique.

Of all seven items, Item 5 had the greatest response, with 153 answers.
This result dramatically demonstrates the students’ fluency level. The answers

are shown in Table 7.

Table 7
Responses and originality percentage for Item 5 (i.e., possible equations that are
equal to 10)

;teus(;ir:ses Frequency Percentage Score Sources*
1+9 10 6.54% 2 R10, R3, R1, R11, R8, R2, R5, R14, R16, R23
R10, R20, R22, R13, R3, R1, R7, R11, R8, R2, R4,
5+5 15 9.80% 2
R14, R16, R19, R23
R10, R20, R12, R9, R1, R7, R11, R8, R2, R4, R16,
5x2 14 9.15% 2
R17, R19, R21
-5+15 4 2.61% 3 R22, R1, R4, R5
-20+30 2 1.31% 3 R22, R1
8+2 10 6.54% 2 R10, R1, R8, R2, R14, R16, R17, R19, R21, R23
7+3 8 5.23% 2 R10, R22, R11, R8, R2, R18, R19, R23
4+6 8 5.23% 2 R10, R22, R8, R2, R14, R16, R19, R23
-30+40 2 1.31% 3 R22, R2
20-10 6 3.92% 3 R10, R20, R11, R8, R2, R19
-5x-2 1 0.65% 3 R2
10x1 7 4.58% 3 R10, R9, R11, R8, R2, R5, R18
10/1 3 1.96% 3 R7,R2, R8
20/2 6 3.92% 3 R11, R8, R2, R4, R17, R18
30/3 4 2.61% 3 R11, R8, R2, R19
40/4 2 1.31% 3 R8, R2
50/5 3 1.96% 3 R11, R8, R2
60/6 2 1.31% 3 R8, R2
70/7 2 1.31% 3 R8, R2
80/8 2 1.31% 3 R8, R2
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;Zl;(:)ir;i)es Frequency Percentage Score Sources*
90/9 2 1.31% 3 R8, R2
100/10 5 3.27% 3 R10, R20, R8, R2, R21
200/20 1 0.65% 3 R2
1000/100 1 0.65% 3 R2

0+10 1 0.65% 3 R3

12-2 3 1.96% 3 R3, R11, R8
n-1 6 3.92% 3 R7, R8, R5, R15, R16, R19
19-9 1 0.65% 3 R8

18-8 2 1.31% 3 R8, R18
17-7 1 0.65% 3 R8

16-6 1 0.65% 3 R8

15-5 3 1.96% 3 R11, R8, R17
14-4 1 0.65% 3 R8

13-3 2 1.31% 3 R8, R21
40-30 1 0.65% 3 R10
100-90 2 1.31% 3 R10, R19
1000-990 1 0.65% 3 R10

60-50 1 0.65% 3 R11

25-15 1 0.65% 3 R11

95-85 1 0.65% 3 R12

50-40 1 0.65% 3 R19

-7+17 1 0.65% 3 R22
-32+42 1 0.65% 3 R22
-22+32 1 0.65% 3 R22
-25+35 1 0.65% 3 R22
Overall 153 100%

* R - Respondent

The most notable answer for this item is “-5x-2”. Although 5x2 is an or-
dinary equation given by the respondents, only one respondent in the group
considered or addressed the use of negative signs in the equation. The equa-
tions with the highest frequency are “s+5” and “5x2”. The relationship between
addition and multiplication (incorporating addition into the solution) might
have been more straightforward for students to remember and perform. For
this item, 18 of the 153 responses are considered unique and original. The mean
total for this item is 11.89, which indicates a vital sign of creativity.

For Item 6, there are 39 answers for the reasoning of the experiments.
The procedures and the materials in the answers are often specified, but in this
case there is a slight difference in the answers. The reasonings for the experi-
ments are presented in Table 8.
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Table 8
Responses and originality percentage for Item 6 (i.e., testing which napkin is better)

Student Responses Frequency Percentage Score Sources*
Rippability of perforation lines in
pp_ yore 1 2.56% 4 R1
the tissue
Which has more rolls (in the
X 1 2.56% 4 R1
packaging)
. R10, R9, R1, R7, R4, R14,
o , R9, R1, R7, R4, R14,
Durability 10 25.64% 0 RIS, R17. R21, R5
Z(te:t)ure (softer, more comfortable, 4 10.26% 0 R, R7. R4, R16
Width of tissue 6 15.38% 0 R20, R, R2, R15, R18, R22
Scent 2 513% 2 R11, R8
Efficiency in cleaning 5 12.82% 0 R22, R12, R13, R11, R21
Absorbency 7 17.95% 0 R22, R15, R8, R2, R4, R13,
R23
Flexibility 1 2.56% 4 R17
Eco-friendliness 2 513% 2 R8, R23
Overall 39 100%

* R - Respondent

The notable answers for this item were “using heavy makeup to see
which tissue can clean more”, “using a worker’s runny nose to test the tissue’s
durability”, and “using a digital calliper to measure the tissue’s thickness”. The
first and second answers were the only answers giving a specific situation, while
the last answer was the only one that included a specific tool to measure the
tissue.

If a tool or material is specified (e.g., use water), the answer receives
3 points. If procedures are specified (e.g., wipe the tissue paper on the table),
the answer again receives 3 points. If a purpose is specified (e.g., wipe the tis-
sue paper on a wet table to test its absorbency), the answer receives another 3
points for flexibility. As always, the originality depends on the percentage and
frequency of each purpose of the experiment. The total mean of this item is 5.57,
which indicates a vital sign of creativity.

For Item 7, each student is required to come up with a coconut
picking robot. There needs to be more variety among the answers, with only

three different responses being given, as shown in Table 9.
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Table 9
Responses and originality percentage for Item 7 (i.e., coconut picking machine)

Student Responses Frequency Percentage Scores Sources*
R1, R2, R3, R4, R5, R6,
Collecting with a machine 0 R7, R8, R9, R10, R11, R12,
hand A o67% ! R13, R14, R15, R16, R17,
R18, R19, R20, R23
Mgrg than ong distinctive 1 2417% 4 R22
original function
Original collection method 1 417% 5 R21
Overall 38 100%

* R - Respondent

Interestingly, almost all of the respondents included a mechanical arm
in their respective machines. Only 1 of the 23 respondents opted for a unique
method of harvesting coconuts. Although many of the respondents added
unique functions to their machines, the method of harvesting is not at all
unorthodox.

Out of all of the responses, two machines were nevertheless considered
unique by the researchers. The mean total for this item is 2.48, indicating a sign
of creativity. The most notable responses (see Figure 2) were from R21 (left) and
R22 (right), who were the only respondents with a unique machine. Respond-
ents 21 and 22 gained 5 and 4 points respectively for originality in this item.
Respondent 21 showed an original method of collecting, using simple devices
such as a pulley. Although the solution provided by Respondent 22 uses a me-
chanical arm, many other elements were added to the drawing, thus making it
unique. The drawing included the processes the coconuts have to go through,
but it fails to reach a high level of detail.

Figure 2
Details from the most unique coconut picking machines

=02203m 0853
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Analysis of the respondents’ scientific creativity

A total of 23 respondents answered the survey. The table below presents
a breakdown of their scores in each item and trait, along with the total score for
each respondent.

The class overall mean for originality is 3.99, while they achieved 4.40
for flexibility and 3.14 for fluency. This result indicates that the class covered
many areas in their answers, regardless of whether or not they were original.
Although there are few answers in their questionnaires, at least the answers
are original or unique. On the other hand, items 5 to 7 do not cover the trait of
fluency, which may explain why fluency is the trait with the lowest mean. For
further context and understanding of the data gathered, the descriptive statis-
tics are presented in Table 10.

Table 10
Descriptive statistics of the scores and cut-off scores for each tercile for data
interpretation
N Mean SD* Lowest Score Highest Score
Test Results 23 71.26 36.70 14 168
Frequency .

Range (n = 23) Percentage Interpretation

X =55 8 34.78 Low scientific creativity

55<X<86 8 34.78 Intermediate scientific creativity

86 <X 7 30.43 High scientific creativity

* SD - Standard Deviation

There is a wide gap between the lowest and highest scores, indicating
that the results of the study have a wide range. Hu and Adey’s (2002) study
yielded similar results: for their respondents aged 12 years (which is close to
the age of the present study’s respondents), the mean was 45.36 with a standard
deviation of 20.18; for their respondents aged 13 years, the mean was 56.92 with
a standard deviation of 21.25.

Unfortunately, Hu and Adey (2002) did not specify whether the re-
spondents in their study were scientifically creative or otherwise. How-
ever, it is clear that the set of respondents in the present study are more
scientifically creative than those of Hu and Adey’s (2002) study. Cer-
tain factors may have affected the overall result of the present study.
Since the researchers adopted the scoring from both Hu and Adey (2002)
and Genek & Doganca (2020), the scoring method may have affected the
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results. Environmental factors and the respondents’ previous experiences (con-
sidering cultural and other differences) are also expected to affect adolescents’
scientific creativity or creativity in general (Runco, 2017).

Lastly, it should be noted that scientific creativity is assessed based on
the results of the study, as there are no other scales the researchers could base
their results on (Table 10). In relation to the data presented (see Appendix A), it
has been concluded that 8 of the 23 respondents (34.78%) have a relatively low
level of scientific creativity, with the lowest score being 14. Of the 23 respond-
ents, 8 (34.78%) are assessed with an intermediate level of scientific creativ-
ity, while 7 (30.43%) have a high level of scientific creativity, with the highest
score being 168. The scientific creativity level of this class is therefore balanced
between low and intermediate. This finding aligns with the results from Ak-
kanat and Usta (2015), which also demonstrate a low or intermediate level of
scientific creativity among seventh-grade students, with a general mean of 72.9
(the highest score possible is 142). Guingguing et al. (2016) revealed that 15% of
the respondents from one school in their study were not creative, while 77.50%
were slightly creative and 7.50%were creative, whereas in a second school the
study revealed that 18.75% of the respondents were not creative, 51.25% were
slightly creative and 30% were creative. Thus, most of the respondents from the
two schools were slightly creative. This corresponds to an intermediate level of
scientific creativity in the current study, indicating that the two schools from
Guingguing et al’s (2016) study have moderate scientific creativity levels. This
finding implies that the students from the present study are slightly less scien-
tifically creative than those from Guingguing et al’s (2016) study. However, Gu-
ingguing et. al’s (2016) study was conducted on ninth-grade students, whereas
the present study was conducted on sixth-grade students. The studies by Hu
and Adey (2002) and Genek and Doganca (2020) show that scientific creativity
increases with age.

The almost equal distribution of the present study’s results may have
been due to external factors, such as the willingness and motivation of the stu-
dents to answer the questionnaire. Some of the students responded more atten-
tively than others. Other factors, such as the environment in which the student
took the survey - including the online setting in conducting the test, which

may have served as a distraction — may also have affected these results.
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Discussion

The present investigation demonstrates that primary school students’
creativity relies mainly on flexibility. According to a number of researchers,
such as Bott et al. (2014), Nusbaum and Silvia (2011) and Baas et al. (2008),
cognitive flexibility is essential for performing creatively. However, consider-
ing the low to moderate levels of the class’s scientific creativity in the present
research, it is clear that the students’ trait of flexibility is yet to be developed.
The implication of relatively low to moderate scientific creativity among pri-
mary school students should be of concern for the school and for educators.
Since scientific creativity serves as a tool for producing new ideas, educators
must develop students’ scientific creativity to ensure their success in the world
of work (Prahani et al., 2021). Researchers like Plucker and McWilliams (2013),
Meyer and Lederman (2013), Chesiment, Githua and Ngeno (2016), De Bruin
and Harris (2017) and Vidergor (2018) have suggested that teachers should en-
tertain and encourage ideas and suggestions from the students as a foundation
for the development of adolescent creativity (van der Zanden et al., 2020).

The depth of understanding of the questions also dramatically impacts
the students’ creativity (by the traits), as evidenced by the number of answers
in the first item. It is presumed that the students could not show their scientific
creativity in the first item due to their limited knowledge of the properties of
glass and its constituents. In other words, this lack of understanding hindered
their ability to demonstrate their scientific creativity in the particular context.
This implies that a foundational understanding of the subject matter is essential
for students to express their creativity and problem-solving skills effectively in
scientific tasks or assignments. The implication aligns with Okere and Ndeke’s
(2012) study, which showed that scientific creativity is knowledge dependent.

The answers from each item will vary depending on what is asked for
in each question, as each item covers a different aspect of scientific creativity.
Nevertheless, the results show that some items have a higher scientific creativity
than others. A thorough analysis of Table 10 shows that Item 5, the item with
the highest mean, also has the highest originality scores. This item covers crea-
tive science problem-solving ability. Creative thinkers often devise alternative
methods to solve mathematical problems. They may develop shortcuts, uncon-
ventional algorithms or unique problem-solving techniques that are efficient
and effective, such as coming up with a novel way to calculate a tricky multipli-
cation problem (Haavold & Sriraman, 2022). On the other hand, Item 1 has the
lowest mean and, as shown in Table 10, it also has the lowest originality scores
compared to the other items. Originality is strongly linked to creativity and
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innovation (Acar et al., 2017). The fluency scores were more significant than the
flexibility scores, except in Items 5, 6 and 7. Research and the development of
different scoring techniques for divergent skills has led to the conclusion that
fluency (quantity of generated ideas) is highly related to originality (quality of
ideas) (Forthmann et al., 2020). Thus, the answers to each item greatly depend
on the student’s fluency to generate originality. Nijstad et al’s (2010) study con-
tradicted Forthmann et al’s (2020) findings by suggesting that the correlation
between flexibility and originality is stronger than the correlation between flu-
ency within a specific context and originality. This indication is, however, not
applicable to the present study, as the flexibility scores of Items 6 and 7 are the
highest of all of the items, whereas their originality scores are among the lowest.

The varying answers to the different items could be attributed to the
students’ level of understanding of the question or topic. A study by Okere and
Ndeke (2012) showed that scientific creativity is knowledge based. Hu and Adey
(2002) also found that that scientific creativity may increase as knowledge, skills
and experience increase, which could be a factor in why the fifth item garnered
the highest number of answers. The four basic operations are something that
the respondents have learned from a young age and are continuously exposed
to, making the students more well-versed and familiar with the concept. On
the other hand, the question involving the utilisation of glass had the fewest
answers, as the students might have limited experience with it, so they can only
reflect on it a little. The students’ lack of knowledge regarding the topic hin-
dered their scientific creativity from manifesting.

Given that the country’s future rests on the ability of individuals to be
innovative and creative, creativity is one of the most critical aspects of human
capital development and is often used in the context of science education (Muk-
hopadhyay & Sen, 2013). According to Sak and Ayas (2013), producing novel ideas
or products requires a combination of general creativity abilities, scientifically
linked abilities and scientific knowledge. Since students are considered to be “fu-
ture citizens and the potential of this vital resource affects the advancement of the
nation greatly’, it is crucial, in the words of Mukhopadhyay and Sen (2013), to fos-
ter scientific creativity in them specifically in the context of science instruction.
Flexibility and divergence in thought are necessary for “creativity”, which involves
new approaches to thinking or expressing oneself and pursuing issues without a
definitive solution. This suggests stretching and expanding the students’ thoughts
and ideas and developing unique insights, which consequently frequently calls
for promoting confidence and overcoming fear.

The scientific community has shown an increased interest in creativity
over the last few years, although the topic is not yet fully understood. Whether
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creativity is a skill that everyone possesses, regardless of the field of study or
expertise, has been one of the main concerns of many scholars (Baer et al .,
2012). Nowadays, people are interested in creativity, especially at work. Being
knowledgeable is no longer sufficient in today’s world; creativity and other core
skills are needed to develop, adapt and push the limits of what is conventional
(Concepcion, 2017). Concepcion (2017) also stated that economic crises have
ignited a boom of creative ideas as a way to survive. In this sense, the absence
of jobs and the need to think of new ways to earn money has a positive side:
people’s inner creativity capabilities are brought to the surface. According to
Torrance (1965), creativity is primarily a process that enables us to be more per-
ceptive to problems, to a lack of components, or to “blind spots” in our knowl-
edge. Once we identify these challenges, we can develop solutions, assumptions
or hypotheses, test them repeatedly, change them, retest them once more, and
finally communicate the results. Through creativity, we can start to operation-
ally define the skills, mental processes and personality traits that help or hinder
the process. It offers a method for describing the products produced during
the process, the types of people who can participate most successfully and the
circumstances that make it possible.

Conclusion

Taken as a whole, the class that forms the sample in the present study
has a relatively low to moderate level of scientific creativity. However, it has a
higher overall mean than the sample in other studies, such as that of Hu and
Adey (2002). External factors such as scoring, experience or environmental dif-
ferences may have affected the results. The respondents are most scientifically
creative regarding creative science problem solving ability, or Item 5, with a
high mean of 11.89. Considering that 16 of the 23 respondents have a low or
intermediate scientific creativity level, an intervention is recommended for the
students to develop their scientific creativity.

The importance of scientific creativity increases over time as human-
kind continues to advance. Thus, it is crucial to profoundly integrate creativ-
ity in education, specifically in science curricula, and promote innovation and
problem-solving skills to compete with the ever-changing world. For instance,
educators throughout the United States have been developing STEAM curric-
ula that include the arts and STEM disciplines. This operates with the idea that
students analyse problems by convergent thinking, which will then be trans-
lated to creative solutions through divergent thinking (Land, 2013). Teachers
from the arts and STEM departments must collaborate in planning concepts
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for so-called STEAM units, in which both dimensions have equal amounts of
learning (Land, 2013). An example would be a science teacher introducing the
concept of primary machines while an art teacher introduces skills in visual
art, such as product design. Other STEAM teaching methods may include ki-
netic art, circuit building and experimentation (Land, 2013). Projects of this
programme emphasise the relationship between science and illustrations to
make STEM appealing to the general public. Art is essential for learning and
effectively communicating these ideas and discoveries to others, as has always
been done (Segarra et al., 2018). The arts portion of STEAM leads to the crea-
tion of new ideas and offers a new perspective on existing scientific problems.
Exposure to the arts is an essential step towards developing creative thinking,
presenting unique ideas, problem solving and new scientific discoveries, all of
which are the core skills of scientific creativity.

The importance of fostering students’ creative abilities has recently in-
creased due to the numerous economic, societal and individual advantages
linked with it (Beghetto, 2010). The topic of scientific creativity is relatively new
in the field of research. With this, it is suggested that future research topics on
scientific creativity cover a wide range of respondents, specifically STEM stu-
dents from different schools of all backgrounds. It is also suggested that future
researchers correlate innovations or productive work, such as the publication
of research papers from various learning institutions, with the scientific crea-
tivity level of its employees, students or researchers. Lastly, implementing re-
search findings on students’ scientific creativity into pedagogical practice is an
ongoing process that requires dedication, collaboration and a commitment to
fostering a creative learning environment. It can improve student engagement
and critical thinking skills, and promote a deeper understanding of scientific
concepts.
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Appendix A

Respondents’ Scores for Each Item and Trait in the Scientific

Creativity Test
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Note. O - Originality; FLU - Fluency; FLE - Flexibility



C-E-P-S Journal

Biographical note

SHANAIA MARIE FERNANDEZ is a senior high school student under
the Science, Technology, Engineering, and Mathematics (STEM) program at
Sotero B. Cabahug FORUM for Literacy, Cebu, Philippines. Her research in-
terests include scientific creativity, science investigatory projects, and students’

time management skills.

PAULINE KAYE MADELO is a senior high school student under the Sci-
ence, Technology, Engineering, and Mathematics (STEM) program at Sotero
B. Cabahug FORUM for Literacy, Cebu, Philippines. Her research interests
include scientific creativity, science investigatory projects, and students’ social
adjustments.

RAYy ANNE Lu Suico is a senior high school student under the Sci-
ence, Technology, Engineering, and Mathematics (STEM) program at Sotero
B. Cabahug FORUM for Literacy, Cebu, Philippines. Her research interests in-
clude scientific creativity, science investigatory projects, and students’ investi-
gation and analytical skills.

Jas FELIcisiMO CANE, MSciEd, is a science instructor at the Senior
High School Department at the Liceo de Cagayan University, Cagayan de Oro
City, Philippines. His research interests include robotics, STEM education, sci-
ence instrumentation, physics education and educational pedagogies.

Joy MaGsayo, EdD (candidate), is a professor at the Department of
Science and Mathematics Education at the Mindanao State University - Iligan
Institute of Technology, Iligan City, Philippines. Her research interests include
science education, development and evaluation of learning materials, lesson
study, STEM education, educational technology, and environmental education.

MAE CAPUYAN, DevEdD, is a master teacher at Nangka Elementary
School of the Department of Education, Cebu Province Division, Philippines.
Her research interests include prototype learning activities, development edu-

cation, and mathematics education.

29



30

THINKING WHAT NO ONE ELSE HAS THOUGHT

NYET Mot SiEw, PhD, is a senior lecturer at the Faculty of Psychol-
ogy and Education at the University Malaysia Sabah, Malaysia. Her research
interests include instructional design and technology, scientific and math-
ematical creativity, scientific/mathematical thinking and reasoning, and STEM
Education.

DHAREL AcuTt, MAEd (candidate), is a science and research teacher
at the Senior High School Department at the Sotero B. Cabahug FORUM for
Literacy, Cebu, Philippines. As an associate member of the National Research
Council of the Philippines of the Department of Science and Technology, his
research interests are geared towards STEM education, science education, en-
vironmental education and sustainability, instructional design and technology,
and quantitative systematic reviews.



