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ABSTRACT

This research study aimed to determine the scientific conceptual understanding of
Earth and Space Science among intermediate-grade learners at La Union, Philippines.
A descriptive research design was utilized for 299 participants (146 males and 153
females, aged 9-12 years old) using a two-tiered multiple-choice type to measure
the scientific conceptual understanding of the participants. The two-tiered test was
subjected to the Rasch measurement model, which can resolve guessing problems
and detect outliers who answer via guessing for reliability and validity. The data
results indicated that more students “do not understand the concept” and have
“misconceptions”. The study found that the conceptual understanding of the pupils
had significant differences in terms of grade level through Kruskal-Wallis H Test.
However, a significant difference in conceptual understanding between gender
in every grade level was not found using Mann-Whitney U Test. These findings
highlight the importance of focusing on building a strong conceptual understanding
of science in intermediate grades (4-6) by addressing foundational gaps to master
science concepts and succeed.
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RESUME

Cette étude vise a déterminer la compréhension conceptuelle des sciences de
la Terre et de l'espace chez les éléves de niveau intermédiaire a La Union, aux
Philippines. Un modeéle de recherche descriptif a été utilisé pour 299 participants
(146 garcons et 153 filles, dgés de 9 a 12 ans) en utilisant un questionnaire a
choix multiples a deux niveaux pour mesurer la compréhension des concepts
scientifiques des participants. Le test a deux niveaux a été soumis au modéle de
mesure Rasch, qui permet de résoudre les problémes de devinettes et de détecter
les valeurs aberrantes qui répondent par devinettes, afin d’'en assurer la fiabilité
et la validité. Les résultats des données indiquent que davantage d’éléves «ne
comprennent pas le concept» et ont des «idées fausses». L'étude a révélé que la
compréhension conceptuelle des éléves présentait des différences significatives en
termes de niveau scolaire grice au test H de Kruskal-Wallis. Cependant, le test U
de Mann-Whitney n’a pas révélé de différence significative dans la compréhension
conceptuelle entre les sexes a chaque niveau scolaire. Ces résultats soulignent
I'importance de se concentrer sur la construction d’une solide compréhension
conceptuelle des sciences dans les classes intermédiaires (4-6) en comblant les
lacunes fondamentales pour maitriser les concepts scientifiques et réussir.

MOTS-CLES
Sciences de la Terre et de l'espace, apprenants de niveau intermédiaire, idées
fausses, compréhension conceptuelle scientifique
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INTRODUCTION

Teaching elementary pupils scientific concepts for deep understanding poses one of
the greatest challenges for teachers. Students must arrange information into a coher-
ent scientific concept to demonstrate conceptual understanding. Students can draw
links between science concepts and their experiences by creating links out of facts
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and concepts. Conceptual understanding enables students to go beyond mere rote
memorization of information and make meaningful connections between intuitive and
scientific notions (Kang & Howren, 2004). It is a crucial aspect of science education,
which centers on student’s ability to grasp and apply scientific knowledge, involving
the construction of private understanding of public knowledge (Mi et al., 2020; Widi-
yatmoko & Shimizu, 2018).

To examine the scientific conceptual understanding (SCU) of the learners, Lengkong
et al. (202l), presents three categories under SCU namely understanding the concept
(UC), misconception (MSC) and not understand the concept (NC). Learners are able
to understand the concept if they can provide the right answer to a question about a
particular concept in science and give the correct reason or explanation for the answer.
On the other hand, learners held misconceptions if they could answer a science-related
question correctly but were unable to provide the correct justification for their answer,
or vice versa. Lastly, learners do not understand the concept at all if they are unable to
answer the question correctly and cannot provide a correct scientific explanation for
their answer at the same time.

According to the study of Widiyatmoko and Shimizu (2018), since conceptual under-
standing is one of the fundamental competencies in science learning, it is an integral
part of science concepts in terms of knowledge competencies. Students must there-
fore have a conceptual grasp to successfully learn science. However, NC and MSC are
the categories of the student’s responses in which its contents determine the factors
hindering the learners in comprehending new accurate scientific ideas and concepts
(Novak, 1988;Yagbasan & Giilgicek 2003).

In the international context, one of the problems in the scientific conceptual under-
standing of the learners is the NC. According to Bulunuz and Jarrett (2009), partici-
pants’ incorrect prior knowledge regarding the phases of the moon were more varied
than their understandings of the other concepts in this study. The first concept that
most participants shared and was inaccurate was that the Earth’s shadow is the cause
of the phases of the moon.The research findings are in line with those of Bulunuz and
Jarrett (2010), Cabe Trundle et al. (2010), Callison and Wright (1993), and Parker and
Heywood (1998).Another false presumption held by study participants was that phases
are caused by the planets’ shadows or by their alignment with respect to the moon.

At the Philippine context, Department of Education (2016) states that the science
education’s goal is to enhance students’ scientific literacy in order for the learners to
become well-informed, engaged citizens capable of evaluating and deciding critically on
how to utilized the accumulated scientific knowledge in such ways that could positively
affect the environment, society, or their health.Yet, according to Albano (2019), a news
article writer in the Manila Times, the latest 2018 National Achievement Test (NAT)
results for Grade 6 Level showed that the Grade 6 NAT had a negative trajectory in
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terms of the average mean percentage score nationally, with a score of 37.44. San Juan
(2023), discovered that in the history of the DepEd’s standardized test, the year 2018
NAT scores were the lowest in which sixth-grade pupils performed in comparison to
the years 2013 (68.88), 2014 (69.79), 2015 (69.09), and 2017 (39.95). In addition, only the
overall Mean Percentile Score (MPS) was disclosed in the 2018 NAT result. Hence, the
latest NAT that showed its complete results data among aforementioned years was the
year 2017.The 2017 NAT results indicates that among the covered subject areas of NAT
which are Filipino, Mathematics, English, Science and Araling Panlipunan (Social Science),
the highest MPS is from the subject of Filipino (53.41), followed by English (40.37), Aral-
ing Panlipunan or Social Science (40.30), Mathematics (34.75), and the subject of Science
(30.94) as the lowest. The NAT 2017 result is consistent with the results from the year
2013 and 2015 where Science has the lowest MPS in all subjects while second to the
lowest in the year 2014.

Misconceptions, on the other hand, refer to personal knowledge acquired through
formal education or informal experiences that lack scientific relevance or significance
(Allen, 2014). As cited in the study of Birgin and Baki (2009), misconceptions are com-
monly referred to as “intuitive theories” and are a natural component of the learning
process. Human minds naturally generate theories based on their daily interactions and
experiences, but it is evident that not all of these theories and ideas are accurate in
light of the most recent research and knowledge in a particular field. Misconceptions
may originate from a variety of sources, including books (Sule & Jawkar, 2019), teachers
(Bektasli, 2016; Cabello & Topping, 2018), real-life experiences (Baldy, 2023; Ozdemir &
Clark, 2007; Sewell, 2002), and religious perspectives (Brickhouse et al., 2000).

Over the past three decades, the misconceptions of the learners are one of the
subjects of numerous studies in the scientific discipline of education. According to
these studies, a lot of students arrive at science class with misconceptions that conflict
with scientific principles or concepts (Posner et al., 1982). One of humanity’s earli-
est sciences is astronomy. Research in astronomy education has grown significantly
in recent years, focusing on various aspects of astronomical phenomena and student
understanding. Despite this progress, there remains scarcity of research on astronomy
education in early childhood and primary education levels (Blanco-Chamborro et al,
2023; Slater, 2018; Yatskiv & Vavilova, 2009). The field has evolved from sharing effective
activities to systematically testing instructional methods using quantitative, qualitative,
and mixed-method approaches. However, the connection between research and class-
room instruction is often lacking (Bailey & Slater, 2003).

At the international scale, several studies found that fourth, fifth and sixth-grade
pupils held misconceptions about Earth and Space Science (Laeli et al., 2020; Putri et
al.,, 202I). A broad category of misconceptions concerns the phenomena of day-night
alternation and phases of the moon including the earth and moon concepts. More spe-
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cifically, the following have been mentioned: (I) the emergence of day and night where
the Earth is the one that orbits around the Moon producing nighttime; (2) the moon
is only visible at night; (3) the moon generate its own light (just like the Sun); (4) the
moon stays on its place, fixed on its position, and do not rotate; (5) it only takes one
day, 24 hours, for the moon to revolve around the Earth; (6) moon is relatively near
the Earth, specifically a number of Earth-diameters away; (7) unlike the Earth, moon
do not have gravity making things that dropped on the moon float “upward”; (8) dark
regions are basins filled in with lava; (9) the exact same half appearance of the Moon
remains illuminated in darkness; (I0) phases of the moon occur due to the interplay
between sunlight and the shadow reflected by the Earth to the moon’s surface; (Il)
full moon happens when Earth blocks the Sun’s rays, giving the Moon the appearance
of a waning moon; (12) lunar eclipse takes place when the sun’s light blocks the moon;
(13) solar eclipse occurs when the Moon is behind the Earth, the Earth is in between
the Moon and Sun, correspondingly creating a straight-line position; (14) full moon
increases the number of births and the number of patients seeking mental care in an
emergency department; and (I5) werewolves were said to be humans that turned into
wolves during the full moon (Hung et al., 2012; Smith et al., 2022; Syuhendri et al., 2022).
Moreover, findings about the misconceptions regarding the Characteristics of the Star
and Constellations were also identified in the studies of Agan (2004), Hung et al. (2012),
Kurnaz (2016) and McClure & Machholz (2023) such as: (1) all kinds of stars are similar
in color and size; (2) stars in a constellation are close to each other; (3) the sun is
considered as the biggest star in the celestial body; (4) during the night, constellations
move all over the sky; (5) North Star, Polaris, is the brightest star in the night sky; (6)
our solar system contains only thousands of stars; (7) exact same stars are visible all
throughout the year; and (8) stars in a constellation are arranged side by side.

In terms of national context, Chi (2023) reported that in the 2022 Program for
International Student Assessment (PISA), only 23% of Filipino pupils achieved a basic
competency in science.Accordingly, only one out of every four Filipino students taking
the PISA 2022 exam was able to validate conclusions and “identify the correct explana-
tion for familiar scientific phenomena”. Moreover, there is a limited exploration of the
misconceptions held by the Filipinos in the branch of Earth and Space Science. Most of
the science studies that determines the misconceptions of the Filipinos focuses on oth-
er branches such as Biology (Rogayan & Albino, 2019), Chemistry (Abenes & Caballes,
2020), and Physics (Aligo et al., 202l; Jugueta et al., 2012).

In the local context, a face-to-face interview with the current and previous Grades
4 to 6 science teachers from the target schools of the study, the majority of teachers
reported that their pupils frequently had misconceptions and do not understand the
subtopics covered in Earth and Space Science.

An analysis of various tools for assessing learners’ conceptual understanding was
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conducted to find the best method to measure misconceptions in intermediate-grade
learners, and a review of their conceptual understanding measuring tools was con-
ducted. Interviews (Bulunuz & Jarret, 2009; Cabe Trundle et al., 2010), open-ended
tests (Ozkan & Akcay, 2016), multiple-choice tests (Lindell, 2001), and multiple-tier tests
(Fadllan et al.,, 2019) were discovered to be the most common diagnostic tools. Mul-
tiple-choice test is widely used to measure students’ understanding in large groups,
but they may lower test reliability, lose clarity, complicate question design, misdiagnose
misunderstandings, and student’s may also give incorrect answers due to incorrect
reasoning (Bassett, 2016; Chang et al., 2009; Goncher et al., 2016).

In order to address the problems associated with the standard multiple-choice
examination, a two-tiered test system has been formulated and is being used as a diag-
nostic tool. This format, according to Adadan and Savasci (2012), consists of two tiers;
the first tier consists of questions pertaining to a specific concept while the second
tier is where students justify their answers.As a result, this design makes it possible to
assess students’ misconceptions (Tsui & Treagust, 2010). By employing Treagust’s (1988)
scoring method, we conclude that if both tiers are answered correctly the students
have no misconceptions, while different answers to these tiers indicate misconceptions.
While these tests were developed to particularly address the challenges that learners
have with some science topics, the utilization of this testing strategy has gone global
and has been applied across various subjects, including mathematics (Lin, 2016), biology
(Balai et al., 2006; Odom & Barrow, 1995), chemistry (Bayrak, 2013; Chiu et al., 2007),
physics (Cil, 2015), natural science (Adodo, 2013; Chu et al., 2010), thermodynamics (Sis-
waningsih et al., 2017), genetics (Tsui & Treagust, 2010), programming languages (Yang
et al., 2015), and astronomy (Kanli, 2015). Ultimately, such approaches facilitate student
self-regulation by clarifying their conceptions of Earth and Space Science topics.

The results from this current research provided useful insights. Firstly, the explo-
ration and identification of current scientific conceptual understanding on Earth and
Space Science covered topics helped the learners become aware of the concepts and
ideas that they know comprehensively, do not know, and have incorrect perceptions of.
In this way, it might drive the pupils to recheck and correct their understanding, which
promotes self-regulated learning.

Furthermore, to shed light on the abovementioned gaps, this study aimed to explore
and determine the scientific conceptual understanding of intermediate grade learners
in Earth and Space in La Union, Philippines. Specifically, the study sought to answer the
following questions:

I. What is the conceptual category of the following grade levels:

a. Grade 4,
b. Grade 5 and
c. Grade 6.
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2. Is there a significant difference between the scientific conceptual understanding
as to:
a. grade level and
b. gender?

MATERIALS AND METHODS

Research design

A descriptive research design was employed in this study to determine and describe
the scientific conceptual understanding of the intermediate grade learners. Descriptive
research design is very important since it can help with the creation of research ethics
protocols, especially in the area of ethics (Doyle, 2020).

Sources of data

The pupils at Balaoc Elementary School, Cabaruan Integrated School, and Tococ Ele-
mentary School in La Union, Philippines in the intermediate grade level (Grade 4, 5, and
6, respectively) served as the study’s main sources of data. Participants in this study
comprised 299 pupils, with the age range of 9-12 years old, 146 of whom were male
and 153 of whom were female, through a total enumeration. While younger students
(Grade 4) may have limited prior knowledge, older students (Grade 6) are likely more
familiar with the topic due to the spiral progression approach of the curriculum, where
the topics are first presented in the earlier grades and then rediscovered in more
complex forms in the following grades.

Instrumentation and collection of data

The scores of the learners on the two-tiered test instrument served as the primary
source of data for this study (see https://drive.google.com/drive/folders/IEGTO2FBdg-
lydS3dWoA3WIulrlgHC7Nsv?usp=sharing). The selected topics on Earth and Space
Science which are covered for the experiment are the following: I) Moon character-
istics; 2) Moon phases; 3) Star characteristics; and 4) Constellation. The sequence and
content of topics are designed and defined by the curriculum to meet the standards
and learning outcomes, where the topics are first presented in the earlier grades and
then rediscovered in more complex forms in the following grades, as magnified in a
Spiral Progression Approach of their curriculum.

A 24-item two-tiered test covering the mentioned topics on Earth and Space Sci-
ence was created by the researchers wherein each topic has six test questions. It was
a multiple-choice type of test to cater remembering, understanding, applying, evaluating
and creating skills of the learners under the Revised Bloom’s Taxonomy. The test was
administered as a paper-based exam. Students were allowed to refer back to previous
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questions.The researchers read the instructions aloud, and any questions were clarified
before the test began.The figure | below was an example of a two-tiered test question:

Fi1GURE 1

Q. If I will throw a ball upwards on the Moon, what do you think will happen to the ball?

The ball will disappear in space.

The ball will easily fall down in the Moon in one second.

The ball will take about seconds longer before it will fall on the Moon’s ground
The ball will stay floating in the atmosphere and will never go down to the ground.

a0 ow

What is your reason for your answer to the previous question?

The Moon's gravitational pull is weaker compared to Earth

The Moon's gravitational pull is equal to Earth

The Moon's gravitational pull is stronger than Earth.

The Moon has no gravity, thus, things float up when dropped on the Moon

a0 ow

Example of two-tiered test question

The set of questions was subjected to validity and reliability tests before being admin-
istered to the research participants. The test instruments were found to be “Highly
Valid” (4.26) in the content validation result to expert validators, and “Good” (0.71) in
the Cronbach alpha for reliability when pilot-tested. The index of discrimination and
index of difficulty were also processed to further enhance the instrument by confirm-
ing that the test items’ appropriateness and difficulty were appropriate for the grade
level.

The reliability and validity of the test instrument were further examined through
Rasch Analysis. Table | shows every item’s measure, standard error (S.E.) measure, infit,
and outfit. A data known as the S.E. Measure demonstrate how well sampled data
represents the whole population. By measuring standard deviation, it assesses how
closely a sample distribution reflects the population. In statistics, the standard error of
the mean is the discrepancy between a sample mean and the actual population mean.
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It implies that a sample is more representative of the entire population when the

standard error is small.

— TABLE 1
Item Fit Analysis

Topic Measure S. E. Measure Infit Outfit

Ql -191 0.0509 1268 268

Q2 -1.38 0.0632 1269 1269

Characteristics Q3 18l 0.0522 0913 0913
of the Moon Q4 -174 0.0532 0.805 0.805
Q5 -179 0.0524 0.891 0.89!

Q6 -171 0.0539 0.933 0933

Q7 175 0.0531 1,050 1050

Qs -157 0.0572 0.865 0.865

Phases of the Moon Q9 -2.05 0.0501 1.078 1.078
QIo -1.72 0.0538 0.953 0.953

Qll -1.83 0.0519 0.861 0.86l

Ql2 -1.94 0.0507 1.008 1.008

QB -187 0.0514 147 147

Ql4 -1.69 0.0542 1015 1015

Characteristics Ql5 -126 0.0676 1325 1325

of the Star Qlé -156 0.0573 L9 L9
Ql7 -190 0.05I1 0948 0948

QI8 -188 0.0513 0.885 0.885

QI9 -160 0.0564 0.868 0.868

Q20 -2.06 0.0501 1315 1315

Constelition Q2l -L64 0.0554 0970 0970
Q2 -178 0.0526 0.899 0.899

Q23 -1.74 0.0533 0.883 0.883

Q24 -1.6l 0.056! 0.839 0.839

A smaller standard error is therefore preferred. If the standard error is 0 or extremely

close to it, the projected value equals the real value. Hence, based on the data under

S.E. Measure, all 24-item have an S.E. of zero or close to it which indicate that the

estimated values were exactly the true values.
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Infit refers to the individuals who were more susceptible to unexpected trends in
observations made by others about things that are often directed at them,and vice versa.
On the other hand, outfit is more receptive to unanticipated remarks made by others on
things that are exceedingly easy or extremely difficult for them (and vice versa).

Estimates of the infit and outfit items that fall between 0.50 and .50 show equal
discrimination among the items and are useful for measuring. Because of this, all of the
data in this study’s infit and outfit categories fall between 0.50 and 1.50, indicating that
there is equal discrimination across all items and suggesting that the data is useful for

assessment.
— TABLE 2
Model fit based on Rasch analysis
Pearson Reliability MaDaQ3 p
Scale 0.403 0.0550 0.007

Table 2 shows the results of Pearson reliability, MADaQ3, and p-value. The MADAQ3
represents the effect size of the model fit wherein if the value is close to 0, it indicates
a good model fit. Next, the p on the rightmost side of the table is the p-value, which
states that if the value is less than the alpha level of.05, the model shows a good fit.
Based on the result, since the value of MADaQ3 (0.06) is close to 0 and the p value is
below.05 alpha level, this indicates that the model shows a good fit. It also implies that
the data fit the model accurately.

Figure 2 shows the relationship between student ability and item difficulty in a
right-item-person map. The left side of the figure presents the respondent’s latent
trait, which indicates the measured ability of the candidates. Pupils with higher levels
of conceptual understanding at the top of the graph and pupils with lower levels of
conceptual understanding at the bottom.

The right side of the figure, on the other hand, shows the item difficulty. The items
are distributed from the most difficult at the top to the least difficult from the bottom.
Hence, based from the result found, item I5 (What is the biggest star in the celestial
body?) under the topic of the characteristics of the star is the most challenging to
correctly answer. Meanwhile, item 20 (How many constellations are used for the zodiac
signs, zodiac calendar, and astrology?) under the constellation topic is the easiest. This
question was included as it was relevant because it bridges science, history, and culture,
while also engaging students in critical thinking about the natural world and human
beliefs. Likewise, the zodiac constellations are part of the broader study of astronomy,
helping students understand the movement of celestial bodies and the structure of the
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night sky. However, because the items on the graph fell into the negative values, this
implies that the respondents answered these items incorrectly.

FIGURE 2
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— TABLE 3
Model fit based on Confirmatory Factor Analysis
CFI TLI SRMR RMSEA Lower C|l Upper
0.560 0.507 0.0545 0.0322 0.0215 0.0415

In addition, the Confirmatory Factor Analysis (CFA) shows the test instrument’s con-
struct validity, as seen in Table 3. The model proposed a single-factor CFA model with
24 items; this model showed acceptable goodness-of-fit indices. The results showed
that all cut-off criteria values were met, all of which had a significant positive factor
loading CFl = .560, RMSEA =.032, Cl (.022,.042) and SRMR= .055.Thus, the single-fac-
tor model showed the best fit, indicating acceptability in terms of construct validity and
achieving unidimensionality in a single factor.
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Ethical consideration

The researchers submitted the study protocol, informed consent, and assent form to
the Ethics Committee of the university to evaluate before starting the study. The uni-
versity’s Ethics Committee issued a certificate of exemption from review along with
the RETC Code: 2024 -546. The respondents were provided with assent forms while
their parents were given consent form to allow their child to participate in the study.

Analysis of data

To identify the scientific conceptual understanding of Grades 4, 5, and 6, Descrip-
tive Statistics was used. Likewise, the normality test through Shapiro-Wilk Test was
employed to determine whether a parametric test was used or a non-parametric. If
the p-value is less than .05, then the data is normally distributed.

— TABLE 4

Test of normality

statistic P

Conceptual Understanding Shapiro-Wilk 0.707 <.00I

Shapiro-Wilk test findings for normality are shown in Table 4, where a p-value of less
than .00l indicates that there is unequal distribution of data.The p-value falls below the
chosen significance threshold below .05.Thus, the data are thought to be non-normally
distributed.

As a result, a non-parametric test was used since the data was not normally dis-
tributed. Hence, the Kruskal-Wallis H Test was employed to determine if there is a
significant difference in the scientific conceptual understanding between the three
grade levels, while the Mann-Whitney U Test was used to determine the difference in
terms of gender using Jamovi (Version 2.5).

Furthermore, the means of three different groups were compared in order to
ascertain whether the differences between the corresponding population means were
statistically significant. If the p-value is below the significance level of .05, it implies that
at least one population mean varies from the others. Four concept-based response
choices (A, B, C,and D) comprise the first tier of this two-tiered test item.The second
layer, on the other hand, contained four responses, or the justifications for choosing the
answers in the first tier. For every item combination, students should answer the first
and second tier or layer and their answers. The way the students answered each ques-
tion in Table 5 determined how the responses were merged, analyzed, and interpreted.
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— TABLE 5
Decision category based on the learner’s combination of responses in the first and second tier
(fstnj:’i::) Sue(rzi::;ﬁ_c :;?son Decision Category Coding
Correct Correct Understand the concept (UC) 3
Incorrect Correct Misconception (MSC) 2
Correct Incorrect Misconception (MSC) 2
Incorrect Incorrect Not understand the concept (NC) I

Table 5 presents an examination of the set of responses categorized under the deci-

sion-making category about the students’ conceptual comprehension, using the guide-
lines in UC, MSC, and NC.

RESULTS

This section presents the findings obtained from the test instrument scores of inter-
mediate-grade learners in Earth and Space.

Conceptual category of intermediate-grade learners

— TABLE 6

Conceptual category of intermediate grade learners

Grade 4 Grade 5 Grade 6
Decision Category f % f % f % Total
uc Il 10 14 14 17 17 42
MSC 45 43 38 40 40 40 123
NC 48 47 43 46 43 43 134
Total 104 100 95 100 100 100 299

Table 6 and Table 7 present the results of the conceptual category in the covered top-

ics of Earth and Space Science of the intermediate grade learners using the two-tiered

test instrument.

Under the fourth-grade level, the descriptive statistics indicate that the majority
of fourth-grade pupils in the selected schools have a decision category “NC” (f=48,
%=47), followed by having “MSC” (=45, %=43), and “UC” as the least conceptual cat-
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egory (f=Il, %=10). This data implied that there is a gap and a need for improvement
in the scientific conceptual understanding of the grade four pupils on Earth and Space
science.

— TABLE 7

Student responses to each question

Type NC MsSC UC | TOTAL
QI Moon’s orbit 135 80 84 299
Q2 Days of revolution 205 65 29 299
Characteristics of Q3 Moon’s surface 19 143 37 299
the Moon 3): Difference between rotation and revolu- 14 I58 77 299
Q5 Moon’s visibility 124 146 29 299
Q6 Moon’s gravitational pull 135 134 30 299
Q7 Moon’s first phase 137 116 46 299
Q8 Creation of Solar Eclipse 147 133 19 299
Phases of Q9 Number of Moon’s phases 9% 120 83 299
the Moon QI0 Moon’s changing appearance 131 131 37 299
QIl Reason why Eclipse occur 109 154 36 299
QI2 Fact about full moon 108 131 60 299
QI3 What is a star? 137 102 60 299
QI4 Sun as a star 140 118 4| 299
Characteristics QIS5 Biggest star 214 56 29 299
of the Star QI6 Brightest star 175 94 30 299
QI7 Color of the star 107 142 50 299
QI8 Are all stars the same 102 152 45 299
QI9 Definition of constellation 143 136 20 299
Q20 Constellations used in zodiac calendar 124 74 101 299
Constellation Q2I Total number of constellation 147 123 29 299
Q22 Why constellations are moving? 123 145 3l 299
Q23 Arrangement of stars in a constellation 123 144 32 299
Q24 Fact about constellation 142 141 16 299

Next, the data also indicates that most of the fifth-grade pupils in the selected schools
have a decision category of “NC” (=43, %=46), followed by having “MSC” (=38, %=40),
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and “UC” as least conceptual category (f=I4, %=I4). This implied that under Earth and
Space Science the fifth-grade pupils lack scientific conceptual understanding and need
to improve.

On the other hand, under the sixth-grade learners, the data also displays that most
of the pupils in the selected schools have a decision category of “NC” (f=43, %=43), fol-
lowed by having “MSC” (f=40, %=40), and “UC” as the least conceptual category (=17,
%=17).This implied that in Earth and Space Science there is a need for improvement in
the sixth-grade students’ scientific conceptual understanding.

Difference in the scientific conceptual understanding in terms of:
a. Difference in the scientific conceptual understanding in terms of Grade Level

— TABLE 8

Difference in the scientific conceptual understanding in terms of grade level

x? df P
Conceptual Understanding Kruskal-Wallis 712 2 028

The researchers used Kruskal-Wallis Test to compare pupil conceptual category scores
under UC, MSC, and NC, across grades 4, 5,and 6 pupils on the two-tiered test instru-
ment. Table 8 displays the significant difference between the conceptual categories of
grade 4, 5, and 6 pupils determined by the Kruskal-Wallis Test. A noteworthy disparity
in students’ conceptual comprehension of concepts related to earth and space science
was noted X?(2)=7.12, p<.05.

— TABLE 9
Dunn’s post-hoc analysis
Groupings Sig. Adi. Sig.
4-5 067 201
4-6 010 029
5-6 A75 1.000

The scientific conceptual understanding of learners in grades 4 and 6 was significantly
different from each other (p=.010, p=.029), compared to grades 4 and 5 (p=.067,p=.20I)
and between grades 5 and 6 (p=.475, p=1.000), further done by post-hoc comparisons
performed using Dunn’s method where .05 is the selected significance level, as shown
in Table 9.
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b. Difference in the scientific conceptual understanding in terms of Gender

— TasLe 10
Difference in the scientific conceptual understanding in terms of gender
Grade Level Gender n U ] Effect Size

Male 50

Grade 4 1123 0.086 0.168
Female 54
Male 54

Grade 5 936 0.115 0.155
Female 4l
Male 49

Grade 6 1187 0.571 0.0504
Female 5l

Mann-U Whitney Test was used to compare the decision category scores between
male and female in each grade level. Table 10 presents that there is no significant differ-
ence between the scores of males (n=50) and females in the fourth grade level (n=54),
U(103)=1123, p=.08, d=.17.

In terms of fifth grade, it was also found that there is no significant difference
between the scores of males (n=54) and females (n=4I), U(94)=936, p=.12, d=.16. Lastly,
the sixth grade pupils was found also found to have no significant difference between
the score of males (n = 49) and the scores of female (n=>5l), U(99)=1187, p=.08, d=.05.
This result was found to have small effect size.

DiscuUsSIONS

This study sought to explore the scientific conceptual understanding of the intermedi-
ate grade learners in Earth and Space. Firstly, it was discovered that, out of the three
grade levels, the majority of learners in the intermediate grade lack an understanding
of the concepts and ideas in Earth and space science, despite the spiral progression
of the curriculum where the topics are first presented in the earlier grades and then
rediscovered in more complex forms in the following grades. This implies that topics
are reintroduced without sufficient connection to prior learning (Diani et al., 2024),
leading to fragmented understanding. This finding is in line with the research from Agata
(2004), where ten-year-olds find it difficult to comprehend the moon’s phases. About
40% of kids in grades 4 through 6 exhibit geocentrism and most of these learners do
not know why the moon phases occur. Likewise, this finding is corroborated in the
study of Plummer and Krajcik (2010) where elementary pupils lack understanding about
the sun, moon, and stars. The findings about the conceptual category were followed

102



Exploring the scientific conceptual understanding of intermediate-grade learners on Earth and Space

by the pupils having misconceptions mainly in the concepts about the phases of the
moon. This finding is in line with the research of Co tu et al. (2022) where pupils
have a number of misconceptions about the phases of the moon and the beliefs that
surround it.

In terms of their grade levels, the pupils’ conceptual understanding of science con-
cepts appears to differ noticeably. Outcomes from the two-tiered test employed in the
study show that students in the fourth, fifth, and sixth grades had considerably different
levels of understanding. Moreover, Grade 4 and Grade 6 have significant difference,
probably due to the spiral progression of the curriculum, but not for the consecutive
grade levels. The data’s conclusions are in line with numerous studies which indicate
that there are differences in learner’s conceptual understanding of science subjects
throughout different grade levels. Moreover, Kang and Yoo (2018) observed that when
presented with misunderstandings, elementary school pupils who have stronger scien-
tific attitudes were more inclined to revise their scientific beliefs. In addition, Koerber
et al. (2014), report that advanced conceptions rose while naive conceptions fell with
each grade shift. Furthermore, Prabha (2020) pointed out that students have a hard
time grasping science topics.

The changes in instruction between grade levels, cognitive maturity, and cumulative
learning experiences are some possible explanations for the result, despite the cur-
riculum to be in spiral progression. The study emphasizes how crucial it is to modify
the scientific curriculum to meet the various demands and comprehension levels of
children in various grade levels. In addition to content, the method of teaching scientific
concepts at each grade may also have a role to play. Further research could investigate
the fundamental causes of these grade-level variations and assess how well-targeted
teaching approaches improve scientific conceptual understanding at all grade levels.

In terms of their gender, the learner’s conceptual understanding of science con-
cepts showed no significant differences between their scores. The findings are consis-
tent with Jia et al., (2020), which found no significant differences in gender regarding
the conceptual understanding of science. Despite the degree of scientific knowledge,
Hayes (200I) also found no significant disparity in views regarding the environment
between men and women. Likewise, Shepardson and Pizzini (1994) found no evidence
of statistically significant variations in science perception or achievement between gen-
ders. Furthermore, there were no discernible gender disparities in science performance
or attitudes according to Lock (1992) and Greenfield (1996).

Similarly, research conducted by Wardani et al. (2023) demonstrated that students’
understanding of the nature of science (NOS) was not influenced by gender biases,
suggesting that both genders are equally capable of grasping scientific concepts when
provided with appropriate educational frameworks.

Moreover, Tiirer and Kunt (2015) highlighted that while gender can influence atti-
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tudes towards science education, it does not necessarily affect the conceptual under-
standing of science among elementary students. This perspective is further support-
ed by Canuto and Espique (2023), who argue that inclusive and diverse educational
practices can enhance students’ understanding of science, thereby diminishing the
perceived gaps between genders.

The study’s finding supports the idea that science education can be equitable and
inclusive, with no inherent gender-based barriers to understanding science concepts
which contribute to the broader discourse on gender equality in STEM fields, suggest-
ing that efforts to close gender gaps in science education.

Limitations

It is worth noting that the researchers focus only on the problem concerned with the
conceptual understanding of the intermediate-grade learners in three selected public
schools in La Union, Philippines, namely Balaoc Elementary School, Cabaruan Integrated
School, and Tococ Elementary School. The sole goal of this study is to ascertain the
scientific conceptual understanding of the learners in the selected topics of Earth and
Space Science, such as moon characteristics, moon phases, star characteristics, and
constellations. It is crucial to highlight that the study did not examine the causes or
elements that influenced the learners’ current conceptual knowledge.

CONCLUSIONS

This study explored the scientific conceptual understanding of learners in grades four
to six on Earth and Space Science. Findings indicated that there was a significant lack of
conceptual understanding across the three grade levels, with majority of intermediate
grade learners lacking a conceptual understanding of Earth and Space Science.Addition-
ally, it was discovered that a small percentage of students comprehended astronomy
subjects and that some students had misconceptions about science concepts. However,
the outcome does not demonstrate a significant difference in the scientific conceptual
understanding of intermediate grade learners on Earth and Space based on gender.
These findings imply the need for the effectiveness of certain methods of instruc-
tion in promoting academic progress, emphasizing the significance of ongoing research
and the development of instructional strategies to maximize learning outcomes for
learners. Moreover, implementing teaching strategies tailored to the specific learning
needs of each grade level is also necessary (Ravanis & Boilevin, 2009).This could involve
varying the complexity of the content, providing targeted scaffolding for younger stu-
dents, and offering enrichment opportunities for advanced learners. Likewise, mapping
out key concepts and skills students should develop at each level builds upon prior
knowledge. These findings highlight the importance of focusing on building a strong
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conceptual understanding of science in intermediate grades (4-6) by addressing foun-
dational gaps to master science concepts and succeed.

REFERENCES

Abenes, . M. D,, & Caballes, D. G. (2020). Misconceptions in chemistry of high school teachers
and its origin. Data Mining and Knowledge Engineering, 12(3), 48-54. http://www.ciitresearch.
org/dl/index.php/dmke/article/view/DMKE032020002.

Adadan, E., & Savaggi, F. (2012). An analysis of 16—17-year-old students’ understanding of solution
chemistry concepts using a two-tier diagnostic instrument. International Journal of Science
Education, 34(4), 513-544. https://doi.org/10.1080/09500693.2011.636084.

Adodo, S. O. (2013). Effects of two-tier multiple choice diagnostic assessment items on students’
learning outcome in basic science technology (BST). Academic Journal of Interdisciplinary Stud-
ies, 2(2), 201. https://doi.org/10.5901/ajis.2013.v2n2p20I.

Agan, L. (2004). Stellar ideas: Exploring students’ understanding of stars. Astronomy Education
Review, 3(1). https://doi.org/10.3847/AER2004008.

Agata, H. (2004). Rika kyuoiku houkai-syougakkou ni okeru tenmon kyouiku no genjyou to kadai.
Tenmon Geppou, 97(12), 726-736. [in Japanese].

Albano, E., Jr. (2019). Grade 6 NAT scores at ‘low mastery’ level. The Manila Times. https://www.
manilatimes.net/2019/09/26/campus-press/grade-6-nat-scores-at-low-mastery-level/621772.

Aligo, B. L., Branzuela, R. L., Faraon, C.A. G, Gardon, . D., & Orleans, A.V. (202I). Teaching and
learning electricity. A study on students’ and science teachers’ common misconceptions.
Manila Journal of Science, 14,22-34.

Allen, M. (2014). Misconceptions in Primary Science 3e. McGraw-hill Education.

Bailey, ). M., & Slater, T. F. (2003). A review of astronomy education research. Astronomy Education
Review, 2(2), 20-45. https://doi.org/10.3847/aer2003015.

Balci, S., Cakirogly, J., & Tekkaya, C. (2006). Engagement, exploration, explanation, extension, and
evaluation (5E) learning cycle and conceptual change text as learning tools. Biochemistry and
Molecular Biology Education, 34(3), 199-203. https://doi.org/10.1002/bmb.2006.49403403199.

Baldy, E. (2023). Children’s representation of the Earth at the end of elementary school: the role
of spherical and geographical information carried by the globe. Review of Science, Mathematics
and ICT Education, 17(2), 5-25. https://doi.org/10.26220/rev.4479.

Bassett, M. H. (2016).Teaching critical thinking without (much) writing: Multiple-choice and meta-
cognition. Teaching Theology & Religion, 19(1), 20-40. https://doi.org/10.1ll1/teth.12318.

Bayrak, B. K. (2013). Using two-tier test to identify primary students’ conceptual understand-
ing and alternative conceptions in acid base. Online Submission, 3(2), 19-26. http://dx.doi.
org/10.13054/mije.13.21.3.2.

Bektasli, B. (2016).The relationship between preservice science teachers’ attitude toward astron-
omy and their understanding of basic astronomy concepts. International Journal of Progressive
Education, 12(1), 108-116.

Birgin, O., & Baki,A. (2009).An investigation of primary school teachers’ proficiency perceptions
about measurement and assessment methods: The case of Turkey. Procedia-Social and Behav-
ioral Sciences, I(1), 681-685. https://doi.org/10.1016/j.sbspro.2009.0L119.

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 105



SHARMAINE P. FAUSTINO, JOSEPHINE O. CABRADILLA, GERALDINE S. ESTOQUE,
JULIE ANNE C. FLORES, DIONISIA N. GENESE, RAPHAEL JOB R. ASUNCION

Blanco-Chamborro, M. S., Varela-Losada, M., Lorenzo-Rial, M., & Pérez-Rodriguez, U. (2023).
Revision de investigacion educativa en Astronomia en educacion infantil y primaria desde
2009 hasta 20I9. Acta Scientiae, 25(6), 118-156. https://doi.org/10.17648/acta.scientiae.6814.

Brickhouse, N. W,, Dagher, Z. R, Letts IV, WJ., & Shipman, H. L. (2000). Diversity of students
views about evidence, theory, and interface between science and religion in an Astron-
omy course. Journal of Research in Science Teaching, 37(4), 340-362. https://doi.org/10.1002/
(SICI1)1098-2736(200004)37:4<340::AID-TEA4>3.0.CO;2-D.

Bulunuz, N, & Jarrett, O. S. (2009). Understanding of Earth and Space Science concepts: Strate-
gies for concept-building in elementary teacher preparation. School Science and Mathematics,
109(5), 276-289. https://doi.org/10.1111/j.1949-8594.2009.tb18092.x.

Bulunuz, N., & Jarrett, O. S. (2010). The effects of hands-on learning stations on building Amer-
ican elementary teachers’ understanding about Earth and Space Science concepts. Eurasia
Journal of Mathematics, Science and Technology Education, 6(2), 85-99. https://doi.org/10.12973/
ejmste/75230.

Cabe Trundle, K.,Atwood, R. K., Christopher, J. E., & Sackes, M. (2010). The effect of guided inqui-
ry-based instruction on middle school students’ understanding of lunar concepts. Research in
Science Education, 40, 451-478. https://doi.org/10.1007/s11165-009-9129-x.

Cabello, V., & Topping, K. (2018). Making scientific concepts explicit through explanations: Simula-
tions of a high-leverage practice in teacher education. International Journal of Cognitive Research
in Science Engineering and Education, 6(3), 35-47. https://doi.org/10.5937/ijcrseel803035c¢.

Callison, P. L. (1993). The effect of teaching strategies using models on preservice elementary teachers’
conceptions about earth-sun-moon relationships. Kansas State University.

Canuto, P. P, & Espique, F. (2023). Gender equality in science classrooms: Examining the imple-
mentation of gender responsive approach and its impact on science education. International
Journal of Learning, Teaching and Educational Research, 22(6), 659-678.

Chang, C.,Yeh, T. K., & Barufaldi, J. P. (2009). The positive and negative effects of Science concept
tests on student conceptual understanding. International Journal of Science Education, 32(2),
265-282. https://doi.org/10.1080/09500690802650055.

Chi, C. (2023). Philippines still lags behind world in math, reading and science — PISA 2022. Phil-
star.com. https://www.philstar.com/headlines/2023/12/06/2316732/philippines-still-lags-behind-
world-math-reading-and-science-pisa-2022.

Chiu, M. H., Guo, C. ., & Treagust, D. F. (2007). Assessing students’ conceptual understanding in
science: An introduction about a national project in Taiwan. International Journal of Science
Education, 29(4), 379-390. https://doi.org/10.1080/09500690601072774.

Chu, H.-C., Hwang, G.-]., Tsai, C.-C., & Tseng, ]. C. (2010). A two-tier test approach to developing
location-aware mobile learning systems for natural science courses. Computers & Education,
55(4), 1618-1627.

Cil, E. (2015). Effect of two-tier diagnostic tests on promoting learners’ conceptual understanding
of variables in conducting scientific experiments. Applied Measurement in Education, 28(4),
253-273.

Costu, F, Ozdemir, N. F, & Costu, B. (2022). Revealing Fifth-Grade students’ understanding of the
universe. Mimbar Sekolah Dasar, 9(1), 231-252. https://doi.org/10.53400/mimbar-sd.v9il.43660.

Department of Education. (2016). K to 12 curriculum guide Science. https://www.officialgazette.gov.
ph/k-12/

106



Exploring the scientific conceptual understanding of intermediate-grade learners on Earth and Space

Diani, R., Viyanti, Lengkana, D., Jalmo, T., Destiana, A., Saregar, A., & Putra, F. D. (2024). Trends,
challenges, and opportunities of Multiple-Representation in Science learning: A systematic
literature review. Review of Science, Mathematics and ICT Education, 18(l), 29-52. https://doi.
org/10.26220/rev.4657.

Doyle, M. (2020). The role of descriptive ethics in the design of research ethics procedures in
the social sciences. Sentio, 2020(2), 10-14.

Fadllan, A., Prawira, W.Y., Arsini, & Hartono, H. (2019). Analysis of students’ misconceptions on
mechanics using three-tier diagnostic test and clinical interview. Journal of Physics. Conference
Series, 1170, 012027. https://doi.org/10.1088/1742-6596/1170/1/012027.

Goncher, A, Jayalath, D., & Boles, W. (2016). Insights into students’ conceptual understanding
using textual analysis: A case study in signal processing. IEEE Transactions on Education, 59(3),
216-223. https://doi.org/10.1109/te.2016.2515563.

Greenfield, T A. (1996). Gender, ethnicity, science achievement, and attitudes. Journal of Research in
Science Teaching, 33(8), 901-933. https://doi.org/10.1002/(sici)|098-2736(199610)33:8.

Hayes, B. C. (200l). Gender, scientific knowledge, and attitudes toward the environ-
ment: A cross-national analysis. Political Research Quarterly, 54(3), 657-671. https://doi.
org/10.1177/106591290105400309

Hung, P, Hwang, G,, Lee, Y., & Su, I. (2012). A cognitive component analysis approach for devel-
oping game-based spatial learning tools. Computers & Education, 59(2), 762-773. https://doi.
org/10.1016/j.compedu.2012.03.018.

Jia, C.,Yang, T., Qian,Y., & Wu, X. (2020). The gender differences in science achievement, interest,
habit, and creativity: A national representative evidence from China. Science Education Inter-
national, 31(2), 195-202. https://doi.org/10.33828/sei.v31.i2.9.

Jugueta, E. A. D., Go, C. K. C,, & Indias, J. M. M. (2012). Free fall misconceptions: A comparison
between science and non-science university majors. Latin America Journal of Physics Educa-
tion, 6(Suppl. 1), 145-148.

Kang, J., & Yoo, P. (2018). A study on the change in science concept according to the characteris-
tics of elementary school students in the face of an anomalous situation including miscon-
ception. Saemulli/Saemulri, 68(10), 1107-1115. https://doi.org/10.3938/npsm.68.1107.

Kang, N., & Howren, C. (2004). Teaching for conceptual understanding. National Science Teaching
Association, 42(l), 28-32. https://eric.ed.gov/?id=EJ722110.

Kanli, U. (2015). Using a two-tier test to analyse students’ and teachers’ alternative concepts in
astronomy. Science Education International, 26(2), 148-165.

Koerber, S., Mayer, D., Osterhaus, C., Schwippert, K., & Sodian, B. (2014). The development of
scientific thinking in elementary school: A comprehensive inventory. Child Development, 86(l),
327-336. https://doi.org/10.111l/cdev.12298.

Kurnaz, M.A. (2016). Determining students’ comprehension of the star, comet, and constellation concepts.
DergiPark, Istanbul University, Turkey. https://dergipark.org.tr/tr/pub/aibuefd/issue/1504/18240.

Laeli, C. M. H., Gunarhadi, & Muzzazinah. (2020). Misconception of science learning in prima-
ry school students. In Proceedings of the 3rd International Conference on Learning Innovation
and Quality Education (ICLIQE 2019) (pp. 657-671). Atlantis Press. https://doi.org/10.2991/
assehr.k.200129.083.

Lengkong, M., Istiyono, E., Rampean, B., Tumanggor, A. M. R,, & Nirmala, M. (202l). Development
of two-tier test instruments to detect student’s physics misconception. Advances in Social

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 107



SHARMAINE P. FAUSTINO, JOSEPHINE O. CABRADILLA, GERALDINE S. ESTOQUE,
JULIE ANNE C. FLORES, DIONISIA N. GENESE, RAPHAEL JOB R. ASUNCION

Science, Education and Humanities Research, https://www.semanticscholar.org/paper/Devel-
opment-of-Two-Tier-Test-Instruments-to-Detect-Lengkong-Istiyono/c5¢716537c8el76db-
45Ib43803026105a3abcOlc.

Lin,Y. C. (2016). Diagnosing students’ misconceptions in number sense via a web-based two-tier
test. Eurasia Journal of Mathematics, Science & Technology Education, 12(1), 41-55.

Lindell, R. S. (200l). Enhancing college students’ understanding of lunar phases. Digital Commons@
University of Nebraska - Lincoln. https://digitalcommons.unl.edu/dissertations/AAI3022646/.

Lock, R. (1992). Gender and practical skill performance in Science. Journal of Research in Science
Teaching, 29(3), 227-24l. https://doi.org/10.1002/tea.3660290304.

McClure, B., & Machholz, D. (2023). Polaris — the north star — is part of the little dipper. Earthsky.
Updates on your cosmos and world. https://earthsky.org/brightest-stars/polaris-the-present-
day-north-star/.

Mi, S., Lu, S., & Bi, H. (2020). Trends and foundations in research on students’ conceptual under-
standing in Science Education:A Method based on the structural topic model. Journal of Baltic
Science Education, 19(4), 551-568. https://doi.org/10.33225/jbse/20.19.55I.

Novak, J. D. (1988). Learning science and the Science of learning. Studies in Science Education, I5(1),
77-101. https://doi.org/10.1080/03057268808559949.

Odom, A. L., & Barrow, L. H. (1995). Development and application of a two-tier diagnostic test
measuring college biology students’ understanding of diffusion and osmosis after a course
of instruction. Journal of Research in Science Teaching, 32(1), 45-6l. https://doi.org/10.1002/
tea.3660320106.

Ozdemir, G., & Clark, D. B. (2007). An overview of conceptual change theories. Eurasia Journal
of Mathematics, Science and Technology Education, 3(4). https://doi.org/10.12973/ejmste/75414.

Ozkan, G., & Akcay, H. (2016). Preservice Science teachers’ beliefs about Astronomy concepts. Uni-
versal Journal of Educational Research, 4(9),2092-2099. https://doi.org/10.13189/ujer.2016.04092I.

Parker, J., & Heywood, D. I. (1998). The earth and beyond: Developing primary teachers’ under-
standing of basic astronomical events. International Journal of Science Education, 20(5), 503-520.
https://doi.org/10.1080/095006998020050I.

Plummer, ). D., & Krajcik, J. (2010). Building a learning progression for celestial motion: Elementary
levels from an earth-based perspective. Journal of Research in Science Teaching, 47(7), 768-787.
https://doi.org/10.1002/tea.20355

Posner, G. J., Strike, K. A., Hewson, PW,, & Gertzog, W.A. (1982). Accommodation of a scientific
conception: Toward a theory of conceptual change. Science Education, 66(2), 211-227. https://
doi.org/10.1002/sce.3730660207.

Prabha, S. (2020). Students’ views on difficulties in conceptual understanding of science at sec-
ondary stage. The Eurasia Proceedings of Educational and Social Sciences, 16, I-10. https://dergi-
park.org.tr/tr/download/article-file/1161555.

Putri, F. E., Hermita, N., Zufriady, Z., & Wijaya, T. T. (202l). Identifying sixth-grade students’ mis-
conceptions on solar system. Journal of Teaching and Learning in Elementary Education, 4(1), 64.
https://doi.org/10.33578/jtlee.v4il.7857.

Ravanis, K., & Boilevin, J.-M. (2009). A comparative approach to the representation of light for
five-, eight- and ten-year-old children: Didactical perspectives. Journal of Baltic Science Educa-
tion, 8(3), 182-190.

Rogayan, D.V., & Albino, M. (2019). Filipino students’ common misconceptions in biology: Input

108



Exploring the scientific conceptual understanding of intermediate-grade learners on Earth and Space

for remedial teaching. Online Science Education Journal,4(2), 90-103. https://dergipark.org.tr/en/
download/article-file/870304.

San Juan, D. M. M.S. (2023).Three policy imperatives on budgetary priorities, medium of instruc-
tion,and curricular content towards raising the quality of education in the Philippines. https://
doi.org/10.13140/RG.2.2.32570.77762.

Sewell, A. (2002). Constructivism and student misconceptions: Why every teacher needs to
know about them. The Australian Science Teachers Journal, 48(4), 24-28. https://eric.ed.gov
/1id=EJ663435.

Shepardson, D. P, & Pizzini, E. L. (1994). Gender, achievement, and perception toward Science
activities. School Science and Mathematics, 94(4), 188-193. https://doi.org/10.1111/j.1949-8594.1994.
tbl5653.x.

Siswaningsih, W., Firman, H., Zackiyah, & Khoirunnisa, A. N. (2017). Development of two-tier
diagnostic test pictorial-based for identifying high school students misconceptions on the
mole concept. Journal of Physics. Conference Series, 812, 012117. https://doi.org/10.1088/1742-
6596/812/1/012117.

Slater, S. (2018). International Studies of Astronomy Education Research Database (iSTAR). Robot-
ic Telescopes, Student Research and Education Proceedings, (1), 341-342. https://doi.org/10.32374/
rtsre.2017.035.

Smith,V,, Sweet, C., Schoening, B., Hornbostel, H., James, S., Thomassy, M., Norton, D., Fullerton,
T., Peacock, A., & Ward-Smith, P. (2022). The gravitational pull of the full moon to explain
phenomenon: Superstition or Science. Open Journal of Social Sciences, 10(10), 185-194. https://
doi.org/10.4236/js5.2022.1010012.

Sule, A, & Jawkar, S. (2019). Teacher’s misconception in curricular Astronomy. EP| Web of Confer-
ences, 200, 01012. https://doi.org/10.1051/epjconf/201920001012.

Syuhendri, S., Siahaan, S. M., & Pasaribu,A. (2022). Lunar phases refutation texts: Supplement texts
to overcome students’ misconceptions. European Journal of Education and Pedagogy, 3(6), 157-
160. https://doi.org/10.24018/ejedu.2022.3.6.504.

Treagust, D. F (1988). Development and use of diagnostic tests to evaluate students’ mis-
conceptions in science. International Journal of Science Education, 10(2), 159-169. https://doi.
org/10.1080/0950069880100204.

Tsui, C.Y,, & Treagust, D. (2010). Evaluating secondary students’ scientific reasoning in genetics
using a two-tier diagnostic instrument. International Journal of Science Education, 32(8), 1073-
1098. https://doi.org/10.1080/09500690902951429.

Tirer, B., & Kunt, H. (2015). A review of relationship between prospective Science teachers’
attitudes towards Science Education and their self-efficacy. Journal of Education and Training
Studies, 3(6), 166-178.

Wardani, D. S., Widodo, A., & Puspita, R. D. (2023). The effect of the empirical base Nature of
Science learning model on the understanding of Nature of Science in empirical aspect. Jurnal
Pendidikan Indonesia, 12(2), 245-253.

Widiyatmoko, A., & Shimizu, K. (2018). An overview of conceptual understanding in Science Edu-
cation curriculum in Indonesia. Journal of Physics: Conference Series, 983, 012044. https://doi.
org/10.1088/1742-6596/983/1/012044.

Yagbasan, R., & Giilgigek C. (2003). Defining characteristics of misconception in science teaching.
Pamukkale University Faculty of Education Journal, 1(13), 102-119.

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 109



SHARMAINE P. FAUSTINO, JOSEPHINE O. CABRADILLA, GERALDINE S. ESTOQUE,
JULIE ANNE C. FLORES, DIONISIA N. GENESE, RAPHAEL JOB R. ASUNCION

Yang, T.-C., Hwang, G.-J,, Yang, S. J., & Hwang, G.-H. (2015). A two-tier test-based approach to
improving students’ computer-programming skills in a web-based learning environment.
Journal of Educational Technology & Society, 18(1), 198.

Yatskiv,Y.S., & Vavilova, I. B. (2009). Astronomy education and scientific schools in Ukraine. In Pro-
ceedings of the International Astronomical Union, 5(5260) (pp. 696-703). https://doi.org/10.1017/
s1743921311003048.

110



