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cific physics content areas remains limited in Thai secondary education, particularly
in the context of electrostatics. This study is a survey research aimed at assessing the
fundamental science process skills (SPS) of Grade 11 students in the context of elec-
trostatics. A validated 30-item multiple-choice test covering eight SPS dimensions
-observing, measuring, classifying, using space/time relationships, using numbers,
organizing data and communicating, inferring, and predicting - was administered to
36 students enrolled in the Science-Mathematics-Technology-Environment (SMTE)
Program at Sarakham Pittayakhom School Thailand, and analyzed using descrip-
tive statistics and quartile distribution. The results revealed an overall mean score of
12.30 out of 30 (41.01%), reflecting a below-average level of SPS proficiency. Clas-
sifying was the strongest skill (mean = 2.53, 63.19%), with the majority of students
reaching the third quartile (Q3), while using numbers (mean = 0.64, 21.30%) and

Creative Commons Attribu- predicting (mean = 0.97, 24.31%) were the weakest, with most students falling in
tion 4.0 International License  the first quartile (Q1). The five remaining skills - observing, measuring, using space/

time relationships, organizing data and communicating, and inferring-clustered at a

moderate level in the second quartile (Q2). The pronounced difficulty in numerical
and predictive skills is attributed not solely to general mathematical weakness, but
to the abstract and invisible nature of electrostatic phenomena, which requires stu-
dents to simultaneously apply scientific notation, interpret charge signs, and execute
multi-step proportional reasoning without the support of direct sensory experience.
These findings suggest that targeted instructional interventions-including problem-
based learning, predict-observe-explain strategies, digital simulations, and adaptive
learning technologies-are needed to explicitly scaffold the integration of quantita-
tive procedures with conceptual understanding in electrostatics instruction.
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INTRODUCTION

Science education serves as a cornerstone
for developing students’ analytical and problem-
solving competencies through systematic scien-
tific inquiry. In the contemporary educational
landscape, science process skills (SPS) have
emerged as fundamental cognitive abilities that
enable students to effectively analyze, interpret,
and understand complex scientific phenomena
(NARST, 2024). These skills are particularly cru-
cial in physics education, where students must
apply systematic methodologies to comprehend
abstract concepts and solve multifaceted prob-
lems. The growing importance of SPS is further
reflected in the broader academic landscape; a
scientometric analysis of 8,110 Scopus publica-
tions between 2000 and 2024 revealed a steady
rise in SPS research output, reaching a peak of
730 articles in 2024, underscoring the field’s ex-
panding global significance (Lalthlamuanpuii et
al., 2025).

Science process skills encompass a com-
prehensive set of cognitive abilities categorized
into basic and integrated skills. Basic science
process skills include observing, measuring, clas-
sifying, using space/time relationships, using
numbers, organizing data and communicating,
inferring, and predicting (American Association
for the Advancement of Science, n.d.). These
foundational skills serve as prerequisites for more
advanced integrated science process skills, which
include controlling variables, defining operation-
ally, formulating hypotheses, interpreting data,
experimenting, and formulating models Research
has consistently demonstrated that mastery of
science process skills enhances students’ concep-
tual understanding and their ability to engage in
scientific reasoning and experimentation (Darm-
aji et al., 2019).

Recent studies have revealed that students
often demonstrate varying levels of proficiency
across different dimensions of science process
skills. Physics education students typically ex-
hibit stronger performance in observation and
classification skills, while predictive reasoning
and numerical analysis often require additional
instructional support (Darmaji et al., 2019; Mai-
son et al., 2019). This variation in skill mastery
highlights the need for targeted assessment strat-
egies that can identify specific areas where stu-
dents require additional guidance.

The development of science process skills
is intrinsically linked to the cultivation of critical
thinking abilities and 21%-century competencies.
Research has shown a strong positive correlation

between students’ science process skills and their
critical thinking capabilities (Pathoni et al., 2020).
Furthermore, the alignment between science pro-
cess skills and 21st-century competencies, includ-
ing complex communication, adaptability, and
problem-solving abilities - makes physics educa-
tion an ideal context for fostering comprehensive
skill development (National Research Council,
2012).

In the Thai educational context, recent
assessments have revealed concerning gaps in
foundational skills among students at all levels
of education (World Bank, 2024). Studies on sci-
ence process skills in secondary school contexts
reveal that while students generally perform ad-
equately on knowledge-recall tasks, their ability
to apply higher-order process skills - particularly
those involving inferring, predicting, and quanti-
tative analysis - remain underdeveloped (Rauf et
al., 2013). This disparity suggests that traditional
instructional approaches emphasizing rote learn-
ing may prioritize content delivery over the culti-
vation of scientific thinking. Recent educational
reforms promoting inquiry-based approaches
offer promising opportunities for more effective
integration of process skill development into
physics instruction, yet targeted evidence of skill
gaps within specific content areas is still needed
to guide these efforts. Within physics education
specifically, this challenge is compounded by the
abstract and mathematical nature of the subject,
which demands not only content knowledge but
also the ability to apply process skills such as in-
ferring, predicting, and quantitative reasoning
- skills that Thai secondary students have been
shown to find particularly difficult (Rauf et al.,
2013; Maison et al., 2019).

Despite the recognized importance of sci-
ence process skills, there remains a significant
gap in understanding how students in diverse
educational contexts develop these competencies
within specific physics content areas. This gap
is particularly pronounced in the assessment of
fundamental science process skills related to elec-
tricity and magnetism concepts, which are central
to the physics curriculum but often challenging
for students to grasp. Furthermore, while SPS
research has grown substantially at the global
level, empirical studies remain concentrated in
Western and East Asian contexts, with Southeast
Asian countries - including Thailand - remaining
notably underrepresented in the literature (Kurni-
ahtunnisa et al., 2024).

Electrostatics, as a foundational topic in
secondary-level physics, presents unique peda-
gogical challenges due to the abstract and invis-
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ible nature of electric charges and forces. Stu-
dents are required to visualize and reason about
phenomena that cannot be directly observed,
demanding a high level of both conceptual un-
derstanding and process skill application. Within
this content domain, science process skills such
as inferring, predicting, and using numbers be-
come especially critical, as students must apply
quantitative reasoning and logical deduction to
interpret electrostatic phenomena (Darmaji et
al., 2019; Maison et al., 2019). However, despite
its central place in the physics curriculum, studies
specifically examining students’ science process
skills within the context of electrostatics remain
scarce, representing a notable gap in the existing
literature.

The role of assessment in identifying and
addressing learning gaps in science education
cannot be overstated. Formative and diagnostic
assessments of science process skills enable edu-
cators to pinpoint specific competency weakness-
es among students, thereby guiding the design
of targeted instructional interventions (Gizaw &
Sota, 2023). Furthermore, standardized instru-
ments for measuring science process skills pro-
vide a reliable basis for comparing student per-
formance across different learning environments,
grade levels, and content areas. Among the vari-
ous assessment formats available, multiple-choice
instruments remain widely used in SPS assess-
ments due to their objectivity, scoring consis-
tency, and capacity to measure discrete cognitive
skills across multiple dimensions within a single
administration (Sarioglu, 2023; Kurniahtunnisa
et al., 2024). By applying a validated assessment
tool within the domain of electrostatics, this
study contributes to the broader effort of building
an evidence base for science education reform in
Thailand and similar educational contexts in de-
veloping nations.

Therefore, this study aimed to assess the
science process skills of 36 Grade 11 students at
Sarakham Pittayakhom School, Thailand, focus-
ing on fundamental SPS within the context of
static electricity. Using a validated 30-item test
instrument based on static electricity concepts,
this research seeks to identify students’ strengths
and weaknesses across different dimensions of
science process skills. The findings will provide
refined teaching strategies that support students’
scientific skill development, ultimately fostering
deeper comprehension of physics concepts and
better preparing students for the demands of 21
century scientific literacy.

METHOD

This study employed a survey research
design to assess the fundamental science pro-
cess skills of Grade 11 students in the context of
electrostatics. Data were collected using a valida-
ted 30-item multiple-choice test covering eight di-
mensions of science process skills, administered
to students enrolled in the Science - Mathematics
-Technology - Environment (SMTE) Program at
Sarakham Pittayakhom School, Thailand. The
following subsections.

Research Design

This study employed a survey research de-
sign to assess the science process skills of Grade
11 students in Thailand. The research focused on
evaluating students’ proficiency in fundamental
science process skills related to electrostatics in
physics through a structured multiple-choice test.

Participants

The participants consisted of 36 Grade
11 students, SMTE Program, Sarakham Pittaya-
khom School, Maha Sarakham Province, Thai-
land. The sample was selected using convenience
sampling, as access was granted by the subject te-
acher for one class only among the three available
SMTE classes during the data collection period in
January 2025. Although this sampling approach
limits the generalizability of the findings, the se-
lected class was considered representative of the
broader SMTE student population at this school,
as all three classes follow the same curriculum
and instructional conditions.

Research Instrument

The research instrument used in this stu-
dy was a 30-item multiple-choice test designed to
assess students’ science process skills. This test
was adapted from a previous study by Kittisak
Chamai, titled "Development of Science Pro-
cess Skills on Electrostatics Using the 7E Lear-
ning Cycle and Concept Mapping for Grade 11
Students.” This instrument was selected for three
reasons. First, its content aligns directly with the
electrostatics unit prescribed in the Thai national
science curriculum for Grade 11, which has re-
mained unchanged since the instrument’s origi-
nal development. Second, the test’s 30-item for-
mat is designed to be completed within a single
class period, allowing data collection to proceed
without disrupting regular instruction or requi-
ring additional logistical arrangements. Third,
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the instrument covers all eight fundamental scien-
ce process skills targeted in this study, providing
comprehensive coverage within a single, mana-
geable assessment tool. Prior to administration,
the instrument was reviewed by the subject teach-
er responsible for the Grade 11 physics course to
confirm that its content remained consistent with
the current curriculum and learning objectives.

The instrument comprised 30 items cove-
ring all eight fundamental science process skills,
with a minimum of three items per dimension.
All items were multiple-choice with four options
and scored dichotomously (1 = correct, 0 = incor-
rect). To illustrate the nature of the assessment,
one representative item per dimension is pre-
sented below, together with a brief explanation
of how each item operationalizes the target skill.

[Skill: Observing (OB)] A plastic rod is
rubbed with a wool cloth, then brought close to
small pieces of paper resting on a table. Which
of the following represents a direct observational
statement, free from interpretation or inference?

A. The plastic rod carries a negative charge
and therefore attracts the pieces of paper. B. The
pieces of paper move toward the plastic rod as
the rod is brought near. C. The plastic rod ge-
nerates an electric field that causes the paper to
move. D. The paper experiences a force due to
electrons transferred from the wool cloth to the
rod. (Answer: B)

This item assesses whether students can
distinguish a direct sensory observation from an
interpretation or theoretical inference. A student
who selects option B demonstrates the ability to
describe only what is physically observable wit-
hout attributing a cause.

[Skill: Classifying (CL)] Given the follo-
wing materials (glass, copper, rubber, silver, PVC
plastic, aluminum, ceramic tile, and iron) a stu-
dent wishes to classify them according to their
electrostatic properties. Which grouping and cri-
terion are most scientifically accurate?

A. Conductors: glass, copper, silver / In-
sulators: rubber, plastic, ceramic, aluminum, iron
B. Conductors: copper, silver, aluminum, iron /
Insulators: glass, rubber, PVC plastic, ceramic tile
C. Conductors: copper, silver, aluminum / In-
sulators: rubber, PVC plastic / Semiconductors:
glass, ceramic tile, iron D. Conductors: copper,
silver, iron / Insulators: rubber, glass, ceramictile
/ Semiconductors: PVC plastic, aluminum (Ans-
wer: C)

This item assesses the ability to apply con-
sistent, scientifically accurate criterion when sor-
ting materials into categories. Correct classificati-
on requires distinguishing conductors, insulators,

and intermediate materials based on their electri-
cal properties.

[Skill: Measuring (ME)] A student places
a test charge q, = +1x10° C at distances r = 0.1,
0.3, and 0.9 m from a point charge Q = +9x10°
C and records the electrostatic force F using a for-
ce meter (k = 9x10° N.m?/C?). Based on a graph
of E versus 1/r? constructed from the data, what
value of the electric field E should be read at r =
0.3 m, and which conclusion is most scientifically
justified?

A. E =900 N/C; the graph is a straight
line through the origin, indicating E &€ 1/r*> B. E
= 900 N/C; the graph is curved, indicating E &
r? C. E = 300 N/C; the graph is a straight line,
indicating E & 1/r D. E = 100 N/C; the graph
is non-linear, indicating no definable relationship
(Answer: A)

This item assesses the ability to compute a
derived quantity from measured data (E = F/q )
and correctly interpret a graphical relationship.
Full credit requires both an accurate numerical
result and a valid interpretation of the graph’s
shape.

[Skill: Using Space/Time Relationships
(ST)] Two identical metallic spheres, A and B, are
placed 30 cm apart and both carry positive char-
ges. Which statement correctly describes both the
spatial configuration of the electric field lines bet-
ween the spheres and the subsequent motion of
the spheres if they are free to move?

A. The electric field lines point toward
each other; the spheres move toward each other.
B. The electric field lines point toward each other;
the spheres move away from each other. C. The
electric field lines point away from each other; the
spheres move toward each other. D. The electric
field lines curve outward and away from each ot-
her (repulsive); the spheres continuously accelera-
te away from each other over time. (Answer: D)

This item requires students to reason about
both spatial arrangement (field line geometry)
and temporal change (motion over time). A cor-
rect response must integrate both dimensions si-
multaneously.

[Skill: Using Numbers (UN)] Two-point
charges q, = +4x10° C and q, = -2x10° C are
placed in air at a separation of 0.2 m. Given k =
9x10° N.m?/C?, calculate the magnitude of the
electrostatic force between the two charges and
identify the nature of this force.

A.F =1.8N; repulsive B. F = 3.6 N; repul-
sive C. F = 1.8 N; attractive D. F = 0.9 N; attrac-
tive (Answer: C)

This item assesses numerical computation
using Coulomb’s Law and the ability to determi-
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ne the nature of the force from the signs of the
charges. Full credit requires both a correct cal-
culated value and a correct identification of the
attractive force.

[Skill: Organizing Data and Communica-
ting (OD)] A student measures the electrostatic
force between two fixed point charges at varying
separations r, recording the following data: r =
0.lm — F=90N;r=02m — F =225
N;r=03m —F=10N;r=04m — F=
0.56 N. Which form of data representation most
clearly reveals the mathematical relationship bet-
ween F and 1?

A. A linear graph (F vs. r) B. A log-log
graph (log F vs. log 1) to linearize the power-law
relationship C. A bar chart comparing F values at
each separation D. A pie chart showing the pro-
portional distribution of force values (Answer: B)

This item assesses the ability to select the
most appropriate representation for communica-
ting a power-law relationship. The log-log graph
is the correct choice because it linearizes the F
oC 1/r? relationship, yielding a straight line with
slope -2.

[Skill: Inferring (IN)] A student observes
that when a glass rod rubbed with silk is brought
near the leaves of a gold-leaf electroscope, the
leaves diverge. When a rubber rod rubbed with
wool is brought near the same electroscope, the
leaves also diverge. Based solely on these observa-
tions, which inference is most logically justified?

A. The glass rod and the rubber rod carry
the same type of charge, since both produce iden-
tical results. B. The leaves carry the same type of
change as the object brought near, causing them
to repel each other. C. Regardless of the sign of
the charge on the object, electrostatic induction
causes the leaves to acquire like charges and the-
refore diverge. D. The electroscope can detect
only positive charges. (Answer: C)

This item assesses the ability to construct
a logical inference from two consistent observa-
tions without overgeneralizing or assuming infor-
mation not stated. The correct response identifies
electrostatic induction as the mechanism, which
accounts for both observations regardless of char-
ge sign.

[Skill: Predicting (PR)] According to
Coulomb’s Law, F = k(q,q,)/1?, two point charges
q, = q, = 1x10° C separated by a distance of 1 m
exert a repulsive force of 9xX10* N on each ot-
her. If the separation is reduced to 0.5 m and the
magnitude of q, is doubled, what is the predicted
value of the new electrostatic force?

A.F_ =7.2x1°*N (an 8-fold increase) B.
Fnew = 3.6x10? N (a 4-fold increase) C. F_ =

1.8x102 N (a 2-fold increase) D. Fnew = 9x103
N (unchanged) (Answer: A)

This item assesses the ability to apply
known quantitative relationships to predict an
outcome under changed conditions. Full credit
requires correctly combining both the inverse-
square effect of halving the distance (x4) and the
linear effect of doubling the charge (X2), yielding
an 8-fold increase.

Validity and Reliability of the Test
1. Content Validity

The test was reviewed by experts to ensure
alignment with the research objectives and The
Index of Item-Objective Congruence (IOC) was
> 0.50, confirming its content validity, overall
IOC value was in the range of 0.5 - 1.00, indica-
ting high content validity.
2. Item Analysis

The test was piloted with 36 non-sample
students from Grade 12/1, Lao Kham Pittaya-
khom Ratchamangkhalaphisek School, Bueng
Kan Province, Thailand, during the second se-
mester of the 2018 academic year. The difficulty
index (p) ranged from 0.20 to 0.80, and the disc-
rimination index (r) was > 0.2. And The test’s re-
liability was measured using Kuder-Richardson
Formula 20 (KR-20), yielding a value of 0.9 to
1, indicating high reliability. Although this pilot
study was conducted in 2018, the psychometric
properties established at that time were conside-
red applicable to the present study. This is becau-
se the electrostatics content in the Thai national
science curriculum for Grade 11 has not been
revised since the instrument’s original develop-
ment and validation, ensuring continued content
relevance. It should be acknowledged, however,
that a formal re-validation with a current student
sample was not conducted for this study, which
represents a limitation. The content appropriate-
ness of the instrument for the 2025 administrati-
on was confirmed through a review by the subject
teacher of the Grade 11 physics course.

Data Collection Procedures
1. Administration of the Test

The test was distributed via Google Forms
to the participants from SMTE Program (En-
richment Program of Science, Mathematics,
Technology, and Environment), Sarakham Pitta-
yakhom School. Students were given one hour to
complete the test.
2. Data Management

Responses were checked for completeness.
The collected data was structured into a database
for statistical analysis.
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Data Analysis
1. Descriptive Statistics

The overall mean score and percentage of
science process skills were calculated.
2. Analysis of Individual Science Process Skills

Student performance was analyzed across
eight dimensions of fundamental science process
skills: observing (OB), measuring (ME), classi-
fying (CL), using space/time relationships (ST),
using numbers (UN), organizing data and com-
municating (OD), inferring (IN), and predicting
(PR).
3 Quartile Analysis

Student scores were categorized into quar-
tiles to determine distribution trends. The analy-
sis focused on identifying the quartile distribution
for each science process skill. Comparisons were
made to highlight which skills required further
development.

RESULT AND DISCUSSION

Overall Performance of Science Process Skills

The assessment results indicate that stu-
dents exhibit varying levels of proficiency across
different science process skills. The mean score
across all eight fundamental science process skills
was 12.30 out of 30, with an overall performance
percentage of 41.01%.

Figure 1. Bar Chart-Mean Scores of Science Pro-
cess Skills

From the bar chart analysis, it is evident
that students performed best in Classifying (CL)
with a mean score of 2.53 (63.19%), while the
lowest performance was observed in Using Num-
bers (UN) with a mean score of 0.64 (21.30%).

Performance by Science Process Skill

The percentage of correctness for each
science process skill is shown in Table 1, ranked
from highest to lowest performance.

Table 1. Show ranked from highest to lowest per-
formance

Science Process Skill Mean Percentage
Score (%)
Classifying (CL) 2.53  63.19
Using Space-Time Rela- 1.94  48.61
tionships (ST)
Inferring (IN) 1.83  45.83
Measuring (ME) 1.81 45.14
Organizing Data & 1.69 42.36
Communicating (OD)
Observing (OB) 0.89 29.63
Predicting (PR) 0.97 2431
Using Numbers (UN) 0.64 21.30

140%

14 ¥

3 O

Figure 2. Percentage Distribution of Science Pro-
cess Skills

The pie chart highlights that the highest
proportion of correct responses was in Classify-
ing (CL) (19.7%), whereas the lowest proportion
was in Using Numbers (UN) (6.6%).

Quartile Analysis of Student Performance

To further analyze student performance,
quartile distribution was applied to classify stu-
dents based on their scores in each skill. The find-
ings indicate the following patterns
Second Quartile (Q2): Most students scored in
this range for ST, IN, ME, OD, and OB, indicat-
ing a moderate level of competency.
Third Quartile (Q3): The majority of students
were in this quartile for CL, indicating a relatively
high competency in classification skills.
First Quartile (Q1): Most students fell into this
quartile for PR and UN, suggesting significant
weaknesses in predictive and numerical skills.
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Discussion
Performance Trends and Implications

The findings indicate that students demon-
strated strong performance in classification skills
(CL), suggesting that they can categorize con-
cepts effectively based on shared characteristics.
This result is consistent with prior studies that
emphasize classification as one of the most fun-
damental science process skills, which serves as
a foundation for higher-order thinking in science
education (AlAli & Al-Barakat, 2024; Gizaw &
Sota, 2023). This finding is also consistent with
research by Darmaji (Darmaji et al., 2019), who
found that physics education students generally
perform better in classification tasks compared to
more complex cognitive skills. This pattern can
also be explained through the theoretical frame-
work of science process skills (SPS), which are
commonly categorized into basic and integrated
skills. Basic skills such as observing, measuring,
and classifying function as foundational compe-
tencies that support the development of higher
- level reasoning skills including predicting, hy-
pothesizing, and interpreting data. Several studies
in science education indicate that classification
plays a crucial role in helping students organize
scientific information systematically, which later
facilitates scientific reasoning and inquiry pro-
cesses (Padilla M. J., 1990; Gizaw & Sota, 2023).

In contrast, the weakest skills were using
numbers (UN) and predicting (PR), with mean
scores of 0.64 (21.30%) and 0.97 (24.31%) re-
spectively, and most students falling in the first
quartile (Q1) for both dimensions. These results
warrant a more specific analysis grounded in
the nature of electrostatics as a content domain.
For the Using Numbers skill, the representative
item required students to apply Coulomb’s Law
quantitatively: given two charges of opposite sign
and a fixed separation, students had to compute
the magnitude of the electrostatic force and cor-
rectly identify it as attractive. This task demands
not only arithmetic facility with scientific nota-
tion and unit manipulation, but also the ability
to interpret the physical meaning of the sign of
the charges independently from the magnitude
calculation. The dual cognitive demand - nu-
merical computation combined with conceptual
reasoning about charge sign - likely contributed
to the high error rate observed. This interpreta-
tion is consistent with Gizaw & Sota (Gizaw &
Sota, 2023), who identified the integration of
mathematical procedures with scientific con-
cepts as a primary source of difficulty in science
process skill assessments, and with Nurbaya
(Nurbaya et al., 2022), who found that students

exposed to limited problem-based learning envi-
ronments develop insufficient numerical literacy
for tasks requiring this type of integration. Pre-
vious research in science and physics education
has also highlighted that students often struggle
when mathematical reasoning must be integrated
with conceptual understanding simultaneously.
In science learning, the skill of using numbers
involves not only performing calculations but
also interpreting quantitative relationships and
applying them to explain scientific phenomena.
Studies on science process skills development
emphasize that difficulties frequently arise when
students must connect abstract formulas with
conceptual meaning in physics contexts (Darmaji
et al., 2019; Maison et al., 2019). For the Predict-
ing skill, the representative item required students
to determine the combined effect of halving the
separation distance and doubling one charge on
the resulting force, applying the inverse-square
relationship and the linear charge dependence
simultaneously. The abstract and invisible nature
of electrostatic forces means that students can-
not rely on intuitive or perceptual reasoning to
cross-check their predictions, unlike mechanical
phenomena where physical intuition serves as
a reference point. Students must instead reason
entirely through the mathematical structure of
Coulomb’s Law, applying two multiplicative scal-
ing factors in sequence. Research indicates that
students often struggle with this type of multi-
step proportional reasoning in contexts where the
underlying phenomenon is not directly observ-
able (Darmaji et al., 2019; Maison et al., 2019).
This finding aligns with broader research in sci-
ence education showing that predictive reason-
ing requires higher-order cognitive processing,
including proportional reasoning, inference, and
the ability to mentally simulate outcomes based
on variable relationships. Predicting scientific
outcomes without direct observation is particu-
larly challenging when students must coordinate
multiple variables simultaneously, as commonly
occurs in physics topics involving mathemati-
cal models (Padilla M. J., 1990; Darmaji et al.,
2019). The low predictive performance observed
in this study therefore reflects both a mathemati-
cal obstacle - chaining two proportional scaling
operations - and a conceptual one, namely the in-
ability to anchor abstract electrostatic predictions
to any physical intuition about what the answer
should approximately be.

Recent research by Troussas (C. Troussas
et al., 2021) has demonstrated the effectiveness
of adaptive learning strategies in enhancing stu-
dents’ cognitive skills, particularly in technical
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subjects like physics. These approaches use data-
driven methods to personalize learning pathways
according to individual student needs, which
could be especially beneficial for developing the
weaker science process skills identified in this
study. Adaptive learning environments are par-
ticularly useful in addressing differences in stu-
dents’ prior knowledge and learning pace. Studies
indicate that personalized instructional systems
can help students gradually build both concep-
tual understanding and quantitative reasoning
skills, which are essential for mastering physics
concepts and science process skills (C. Troussas
et al., 2021; Du Plooy et al., 2024) Empirical sup-
port for this approach is provided by Shi and Liu
(2025), whose study of adaptive deep learning-
oriented classroom strategies in higher education
reported an 18% increase in average student per-
formance scores, suggesting that similar person-
alized approaches could meaningfully enhance
science process skill development in physics edu-
cation contexts.

Strategies for Enhancing Science Process Skills
Based on these findings, several instruc-

tional approaches could be implemented to ad-

dress these gaps.

a) Strengthening Numerical and Predictive Rea-

soning

Problem-Based Learning (PBL) Studies
have shown that PBL can significantly improve
students’ ability to use numbers and make predic-
tions in scientific contexts (Hamidi et al., 2024).

Predict-Observe-Explain (POE) strategies
have been shown to enhance students’ predictive
skills by encouraging them to hypothesize, ob-
serve, and refine their understanding (Mirabueno
& Basilio, 2023; Rahayu et al., 2015).

b) Integrating Digital Learning Tools

Digital Simulations (e.g., PhET) have been
shown to enhance students’ conceptual under-
standing of abstract scientific ideas (Parthiban J
& Dr. Leo Stanly S, 2024; Gumilar & Trisnowati,
2018).

Augmented Reality (AR) Recent studies
highlight that integrating AR into science educa-
tion fosters engagement and improves students’
ability to interpret data and construct logical pre-
dictions (Maisarah et al., 2024).
¢) Implementing Adaptive Learning Approaches

Recent meta-analysis has shown that per-
sonalized adaptive learning implementations in
higher education resulted in increased academic
performance in 59% of cases and enhanced stu-
dent engagement in 36% of studies examined (Du
Plooy et al., 2024) These approaches use technol-

ogy to customize learning pathways based on
students’ cognitive levels, interests, and learning
pace.

The findings of this study align with
broader educational trends highlighting the im-
portance of both technical knowledge and soft
skills development. As Vijaya et al (Vijaya C et
al., 2025) note in their research on soft skills in
engineering education, group projects and collab-
orative learning environments are instrumental
in helping students develop essential skills such
as persuasive communication, problem-solving,
and leadership. Similar approaches could be ben-
eficial in physics education to enhance students’
science process skills.

CONCLUSION

This study highlights notable strengths in
classification skills but significant weaknesses in
predicting and numerical reasoning among stu-
dents. The results suggest that traditional teach-
ing methods may not be sufficiently reinforcing
quantitative and inferential reasoning, necessi-
tating a shift towards more interactive, inquiry-
based, and problem-solving instructional stra-
tegies. Importantly, the low scores in these two
dimensions are not merely a reflection of general
mathematical weakness; they are compounded
by properties specific to electrostatics as a con-
tent domain. Coulomb’s Law, while mathemati-
cally straightforward in form, requires students
to simultaneously manage scientific notation, in-
terpret the physical significance of charge signs,
and apply proportional reasoning across multiple
variables - all within a phenomenon that is entire-
ly invisible and cannot be verified through direct
sensory experience. This combination of abstract
content and multi-step quantitative demands
creates a particularly challenging environment
for developing both numerical and predictive
science process skills. These findings suggest that
instructional approaches in electrostatics should
explicitly scaffold the transition from conceptual
understanding to quantitative application, rather
than treating numerical calculation and concep-
tual reasoning as separate learning objectives.

These findings collectively point to the
value of integrating adaptive and technology-
enhanced instructional approaches into physics
education. As discussed in the preceding sec-
tion, personalized adaptive learning strategies
- including PBL, POE, PhET simulations, and
augmented reality - offer promising pathways
for addressing the specific gaps in numerical and
predictive reasoning identified in this study. The
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quartile-level evidence is particularly instructive:
the concentration of students in Q1 for both UN
and PR, while the majority achieved Q2 or Q3
for the remaining six skills, indicates that targeted
rather than broad-spectrum intervention is nee-
ded. Instructional design for electrostatics should
therefore prioritize scaffolding the integration of
quantitative procedures with conceptual under-
standing, ensuring that students can apply mat-
hematical models within the abstract context of
electrostatic phenomena.

Future research should investigate the
effectiveness of specific interventions, such as
project-based learning, real - world problem -
solving tasks, and technology - assisted learning,
in enhancing these critical science process skills.
Furthermore, longitudinal studies could provide
deeper insights into how students develop these
skills over time and how pedagogical changes in-
fluence their competency.

To enhance students’ science process skills,
it is recommended that educators incorporate
more inquiry-based learning strategies, such as
Problem-Based Learning (PBL) and Predict-Ob-
serve-Explain (POE) models, to strengthen their
ability to apply scientific reasoning. The integra-
tion of digital tools, including PhET simulations
and augmented reality (AR), can provide enga-
ging and interactive learning experiences that
help students grasp complex scientific concepts.

Additionally, fostering active learning
through hands-on experiments, collaborative pro-
jects, and real-world problem-solving activities
can improve their analytical and critical thinking
skills. Professional development programs for te-
achers should focus on evidence-based teaching
methodologies to enhance instructional effective-
ness.

Based on recent findings in adaptive lear-
ning research, educators should consider imple-
menting personalized learning approaches that
dynamically adjust to students’ needs and lear-
ning paces. This aligns with the New Normal
paradigm in education, emphasizing flexible
learning environments and strategic technology
integration.

Lastly, further research should explore the
long-term impact of innovative teaching approa-
ches on students’ science process skills develop-
ment and overall scientific literacy.
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