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This study investigates the impact of personalized
learning and hands-on science engagements on the
development of scientific inquiry skills among early
childhood care and primary education students. The
study employed a descriptive survey design in
Anambra state, encompassing 143 participants with
different demographics. A self-structured
questionnaire underwent validation and reliability
testing. Data collection wutilized a survey-based
approach through Google Forms, ensuring diverse
participant engagement and representing Early
childhood care and primary education students. The
survey incorporated Likert scales for nuanced
feedback. Data analysis included various statistical
measures, illustrating  response  occurrences,
percentages, and descriptive statistics. The ANOVA
methodology tested hypotheses, revealing significant
differences among group means. The results reveal
that personalized learning significantly enhances

critical thinking, hypothesis formulation,
experimental design, and evidence-based conclusions.
Concurrently, hands-on science engagements

contribute to deepening inquiry skills, enhancing
problem-solving abilities, and creating memorable
learning experiences. These findings underscore the
importance of tailoring educational experiences and
incorporating practical activities to foster a holistic
development of scientific inquiry skills among young
learners. The study contributes to the evolving
landscape of educational methodologies and carries
implications for educators, policymakers, and
researchers  seeking to  optimize learning
environments for Early childhood care and primary
education students.
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INTRODUCTION

In the realm of contemporary education, the dynamics of teaching and
learning have evolved to meet the diverse needs of students, particularly in the
critical domains of scientific inquiry skills. Personalized learning represents a
paradigm shift in education, moving away from the one-size-fits-all approach to a
more individualized and adaptive model. At its core, personalized learning tailors
educational experiences to the unique characteristics and learning preferences of
each student (Ingkavara et al., 2022). This method according to Cevikbas and Kaiser
(2022), acknowledges the cognitive diversity within a classroom, recognizing that
students possess distinct strengths, challenges, and paces of learning. The essence of
personalized learning lies in its ability to foster self-directed learning (Ingkavara et
al., 2022). By providing tailored experiences, adaptive questioning, and diverse
methods, personalized learning empowers students to take ownership of their
educational journey. This approach is not only about delivering content but also
about cultivating critical thinking, hypothesis formulation, and experimental design
proficiency (Darwin et al., 2024). The meticulous attention to individual learning
needs, reflected in the tailored feedback and adaptive assessments, contributes to a
more nuanced and effective acquisition of scientific inquiry skills.

In tandem with personalized learning, hands-on science engagements form
the experiential cornerstone of this educational exploration (Chi & Wang, 2023).
These engagements represent a departure from traditional lecture-based
methodologies, introducing students to a world where learning is not confined to
textbooks and classrooms but extends to the tangible and immersive realm of
practical applications (Caglak, 2017). Hands-on science engagements are designed to
deepen observation and exploration skills, providing students with direct
experiences that transcend theoretical knowledge. Active participation in these
activities enhances the ability to investigate and apply scientific concepts, sparking
intrinsic interest and cultivating problem-solving skills (Demirhan & S$ahin, 2021;
Kibga et al., 2022). The tangible nature of hands-on science engagements creates
memorable learning experiences that resonate with students and leave an indelible
mark on their understanding of scientific principles. While personalized learning and

hands-on science engagements operate on distinct principles, their synergy becomes
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apparent when woven together in the educational tapestry (Labrie et al., 2022; Kong
& Song, 2015). Personalized learning addresses the cognitive aspects of scientific
inquiry skills, tailoring content and pacing to individual needs, while hands-on
engagements enrich the practical application and experiential understanding of
scientific concepts.

The motivation behind the study on assessing the influence of personalized
learning and hands-on science engagements on scientific inquiry skills among
students stems from the evolving landscape of education and the imperative to
enhance students' critical thinking abilities, especially in the realm of science. A
substantial body of research underscores the need for more effective pedagogical
strategies to nurture scientific inquiry skills, acknowledging that traditional methods
may not fully meet the diverse learning needs of students (Stone, 2014; Topalsan,
2020; Oh, 2020). Personalized learning, characterized by tailoring educational
experiences to individual students, has emerged as a promising avenue to address
these gaps. However, despite the growing interest in personalized learning, there is a
notable dearth of comprehensive studies assessing its impact on specific scientific
inquiry skill domains, particularly among students in Early Childhood Care and
Primary Education. Existing literature (Ingkavara et al., 2022; Rashidat et al., 2022)
often focuses on broader educational outcomes, necessitating a more nuanced
investigation into the specific ways personalized learning influences scientific
inquiry skills.

Moreover, hands-on science engagements, involving practical experiences and
experiments, have long been advocated for their potential to deepen understanding
and foster a genuine interest in science (Ilyamuremye et al., 2023; May et al., 2023).
However, the precise influence of hands-on activities on distinct scientific inquiry
skill domains remains an underexplored area, especially concerning primary
education students. Many studies either generalize the impact without delving into
specific skills (Yang et al, 2021; Burke et al., 2021). As education increasingly
embraces technology and individualized learning experiences, understanding how
personalized learning and hands-on science engagements intersect and complement
each other becomes crucial. While some studies recognize the potential benefits of

these approaches, there is a notable gap in research that systematically investigates
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their combined impact on the development of scientific inquiry skills. By doing so, it
contributes to the literature by offering understandings into the practical
implications of these pedagogical strategies and their potential to cultivate critical
thinking, hypothesis formulation, experimental design, and evidence-based
conclusions in the foundational stages of education. Ultimately, the findings aim to
inform educators, policymakers, and researchers about effective strategies to enhance
scientific inquiry skills, laying a robust foundation for lifelong learning and scientific
literacy.

1.2 Research Objectives

1. To identify the specific scientific inquiry skill domains that are most positively
affected by personalized learning among early childhood care and primary
education students.

2. To identify the specific scientific inquiry skill domains that are most positively
affected by hands-on science engagements among early childhood care and
primary education students.

3. To examine the impact of personalized learning on the development of
scientific inquiry skills among early childhood care and primary education
students.

4. To assess the influence of hands-on science engagements on the development
of scientific inquiry skills among early childhood care and primary education
students.

Research Questions

1. What specific scientific inquiry skill domains are most positively affected
by personalized learning among early childhood care and primary
education students?

2. Which specific scientific inquiry skill domains are most positively affected
by hands-on science engagements among early childhood care and
primary education students?

3. How does personalized learning impact the development of scientific
inquiry skills among early childhood care and primary education

students?
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4. What is the influence of hands-on science engagements on the
development of scientific inquiry skills among early childhood care and
primary education students?

Research Hypotheses
1. There is no significant impact of personalized learning on the development of
scientific inquiry skills among early childhood care and primary education
students.
There is no significant influence of hands-on science engagements on the
development of scientific inquiry skills among early childhood care and primary

education students

METHOD

Descriptive survey design was used for the study. This study was carried out
in tertiary institutions in Anambra state. The study population comprises 143
participants, with 32 males and 111 females. The age distribution includes
individuals aged 14-18 years (1), 19-22 years (17), 23-27 years (71), 28-32 years (36),
and 33-36 years (18). In terms of grade/year level, there are 32 participants in Year 1,
34 in Year 2, 71 in Year 3, and 6 in Year 4. This diverse representation provides a
comprehensive view of the gender, age, and academic distribution within the study
population. The instrument used for the study was self-structured questionnaire.
Sections A of the questionnaire contains information on age, gender, grade/year
level, while section B contains the questions on the research questions including,
instruction and response guide. The questionnaire contains twenty (20) items on a
four-point rating scale of Strongly Agree (SA= 4 points), Agree (A= 3 points),
Disagree (D= 2 points) and Strongly Disagree (SD=1 point).
In order to ascertain the face and content validity of the instrument, the
questionnaire was given to the three experts, two in Department of Education
Measurement and Evaluation and one in Primary Education. Test-retest reliability
method of testing reliability was used to test the questionnaire. The researcher used
twenty (20) respondents from University of Nigeria Nsukka for the reliability study.
A link to the Google form was sent to them to fill and the survey lasted for 3 days.

The items of the questionnaire (form) were reshuffled and re-arranged and then re-
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sent to the same students two weeks later. The questionnaire (form) was closed and
their response were collated and tested using Pearson Product Moment Correlation,
and it gave a reliability index of 0.75.

The method used in this study for data collection was a survey-based
approach using Google Forms. The data were collected by the researcher and the
survey which was carefully designed to gather quantitative data, was disseminated
through diverse channels (Students WhatsApp, Facebook and Instagram groups to
ensure a representative participant pool. Participant selection prioritized diversity
among early childhood care and primary education students, guaranteeing
anonymity and confidentiality in their responses. To capture individual learning
needs, the survey incorporated a personalized learning module with adaptive
questioning and branching logic. A significant aspect of the data collection involved
integrating questions related to hands-on science engagements and practical
experiences, utilizing Likert scales responses to capture nuanced feedback. This
approach aimed to provide a holistic understanding of the impact of both
personalized learning and hands-on experiences on scientific inquiry skills. The data
collection phase spanned two (2) weeks to amass a substantial volume of responses,
enhancing the study's statistical robustness. The methodology, rooted in Google
Forms' functionality, facilitated efficient survey distribution, participant engagement,
and data collection, contributing to a thorough examination of the research
objectives.

The data analysis employed various statistical measures to provide a
comprehensive understanding of the collected information. The frequency
distribution illustrated the occurrence of each response, while percentages, valid
percentages, and cumulative percentages highlighted the relative representation of
data points. Descriptive statistics, including mean, standard deviation, variance,
skewness, and kurtosis, offered understandings into the central tendency, variability,
and distribution shape. Additionally, the standard error provided an estimate of the
precision of the sample mean.

In conducting the analysis of variance (ANOVA) to test hypotheses, the study
initially formulated a null hypothesis assuming no significant differences among

group means. A significance level (a) of 0.05 was selected to determine the threshold
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for statistical significance. Data were collected from various groups, ensuring
randomization and independence. The total variability in the data was decomposed
into between-group and within-group sources through the calculation of sum of
squares. Degrees of freedom associated with between-group and within-group
variability were determined, and mean squares were computed by dividing the sum
of squares by their respective degrees of freedom. The F-statistic was then calculated
by dividing the mean square between groups by the mean square within groups.
This calculated F-statistic was compared with the critical value from the F-
distribution table. If the calculated F-statistic was greater than the critical value, the
null hypothesis was rejected, indicating significant differences among group means.
The ANOVA methodology provided a robust statistical approach to analyzing group

differences and contributed valuable understandings to the study's objectives.

RESULTS AND DISCUSSION

This section provides a comprehensive overview of the study population's
demographic characteristics, including gender distribution, age range, and
grade/year level. Subsequently, the focus shifts to the descriptive statistics and
hypotheses testing related to the impact of personalized learning and hands-on
science engagements on the development of scientific inquiry skills among students.
The tables presented in this section offer valuable understandings into the
distribution, characteristics, and statistical significance of various factors influencing

scientific inquiry skill development in the studied population.

Table 1: Gender profile of the respondents

Frequency Percent  Valid Percent Cumulative Percent
Valid Male 32 22.4 224 22.4
Female 111 77.6 77.6 100.0
Total 143 100.0 100.0

Table 1 presents the gender profile of respondents (n=143) which indicates a

predominance of females (77.6%). Males constitute 22.4%. The cumulative percent
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illustrates that 100% of the respondents were accounted for, providing a clear
distribution of the sample's gender composition in this study.

Table 2: Age range of the respondents

Frequency Percent Valid Percent Cumulative Percent

lid 14-1
Valid 14-18 1 7 7 7
years
19-22
? 17 119 11.9 12.6
years
23.07
3 71 497 49.7 62.2
years
28-32
36 252 252 87.4
years
33-36
18 126 126 100.0
years
Total 143 100.0 100.0

Table 2 provides information regarding the age distribution of respondents
(n=143) which shows a diverse range. The majority falls within the 23-27 years
category (49.7%). Cumulatively, 87.4% of respondents are aged 32 or below. This
highlights a concentration of younger participants, contributing to the overall age
profile of the study sample.

Table 3: Respondents’ Grade/Year Level

Frequency Percent Valid Percent Cumulative Percent
Valid Year1 32 224 224 22.4
Year 2 34 23.8 23.8 46.2
Year 3 71 49.7 49.7 95.8
Year 4 6 4.2 4.2 100.0
Total 143 100.0 100.0

Table 3 presents the distribution of respondents based on their grade/year
level. The majority are Year 3 students, constituting 49.7% of the total, followed by
Year 2 with 23.8%. Year 1 and Year 4 make up 22.4% and 4.2%, respectively. The
cumulative percent indicates the proportion of respondents up to each grade,
totaling 100%.

3.2 Descriptive statistics
Research Question one: To identify the specific scientific inquiry skill domains that
are most positively affected by personalized learning among early childhood care

and primary education students
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Table 4: Specific scientific inquiry skill domains that are most positively affected

by personalized learning among early childhood care and primary education

students

Mean

Statistic

Statistic

Deviation Variance

Statistic

Skewness

Statistic

Std.
Error

Kurtosis

Statistic

Std.
Error

Critical thinking abilities
in scientific reasoning
thrive through
personalized learning.

Inquiry skills related to
formulating hypotheses
improve with
personalized learning.

The personalized
approach positively
impacts young students'
experimental design
proficiency.

Experimental planning
skills are notably
strengthened through
personalized learning
techniques.

The ability to make
evidence-based
conclusions sees positive
growth with
personalization.

Valid N (listwise)

3.86

3.87

3.94

2.33

3.87

539

502

285

1.443

473

290

252

.081

2.081

223

-4.493

-4.312

-5.551

206

-4.444

.203

203

203

203

203

20.678

18.766

32.171

-1.918

21.331

403

403

403

403

403

Table 4 illustrates the impact of personalized learning on specific scientific

inquiry skill domains among early childhood care and primary education students.

The mean scores indicate positive effects across critical thinking abilities (3.86),

hypothesis formulation (3.87), and experimental design proficiency (3.94). However,

experimental planning skills show a lower mean (2.33). The standard deviations,
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skewness, and kurtosis values provide understandings into the distribution and
symmetry of data. Overall, personalized learning appears to significantly enhance
various scientific inquiry skills, promoting critical thinking, hypothesis formulation,

experimental design, and evidence-based conclusions among young students.

Research Question two: To identify the specific scientific inquiry skill domains that
are most positively affected by hands-on science engagements among early
childhood care and primary education students.

Table 5: Specific scientific inquiry skill domains that are most positively affected
by hands-on science engagements among early childhood care and primary
education students

Std.

Mean Deviation Variance Skewness Kurtosis

Statisti Std.

Std.

C Statistic  Statistic Statistic Error Statistic Error

Hands-on science
activities enhance early 3.73 581 337 -2520 203 6975
learners' observation and

exploration skills.

Inquiry skills in
hypothesis testing thrive 358 636 471 -1.888 203 3.894
through hands-on

science engagements.

Practical activities
improve the ability to 2.98 1160 1345  -508 203 -1.353
make evidence-based

scientific conclusions.

Active learning fosters a

comprehensive

understanding of 3.13 980 961 -817 203 -474
various scientific inquiry

domains.

Manipulative activities
positively influence
critical thinking and
problem-solving skills.

2.83 1.021 1.042 -462 203 -.895

403

403

403

403

403
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Valid N (listwise)

Table 5 elucidates the impact of hands-on science engagements on specific

scientific inquiry skill domains among early childhood care and primary education

students. Mean scores indicate positive effects on observation and exploration skills

(3.73), hypothesis testing (3.58), and comprehensive understanding (3.13). However,

practical activities for evidence-based conclusions show a slightly lower mean (2.98).

The standard deviations, skewness, and kurtosis values provide understandings into

data distribution and symmetry. Overall, hands-on science activities significantly

enhance early learners' scientific skills, fostering observation, exploration, hypothesis

testing, and a holistic understanding of scientific inquiry.

Research Question three: How does personalized learning impact the development

of scientific inquiry skills among primary education students?

Table 6: How personalized learning impact the development of scientific inquiry

skills among primary education students

Std.

Mean Deviation Variance Skewness Kurtosis

Statistic Statistic

Std. Std.
Statistic Statistic Error Statistic Error

Personalized

learning tailors

experiences,

fostering scientific

inquiry skills 1.59 988
through

individualized

content, pace, and

diverse methods.

Personalized

environments

nurture self-

directed learners,

enhancing primary 3.31 .800
students' ability to

investigate and

analyze scientific

concepts.

975 1.202 203 -.219 403

640  -1.301 203 1.656 403
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Tailored feedback
in personalized
learning refines
primary students'
inquiry skills,
offering specific
guidance to

2.78 1.127

strengthen their
understanding of
processes.

Adaptive

assessments in

personalized

learning identify

gaps, allowing 292 .860
timely interventions

to enhance primary

students'

competency.

Personalized
learning instills
ownership,
motivating primary
students to explore, 506 918
question, and apply

scientific principles

effectively.

Valid N (listwise)

1.270

739

842

-.341

-511

-.666

203

203

203

-1.293

-.292

-433

403

403

403

Table 6 reveals the impact of personalized learning on the development of scientific
inquiry skills among primary education students. The mean scores highlight that
personalized learning, with its tailored experiences, significantly fosters
individualized scientific inquiry skills. It promotes self-directed learning (3.31),
refines inquiry skills through tailored feedback (2.78), identifies gaps in
understanding through adaptive assessments (2.92), and instills ownership in
students to explore and apply scientific principles effectively (3.06). Standard
deviations, skewness, and kurtosis values offer understandings into data dispersion

and symmetry. Overall, personalized learning emerges as a powerful approach,
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tailoring educational experiences to enhance primary students' scientific inquiry

skills through personalized content, pace, and varied methods.

Research Question four: What is the influence of hands-on science engagements on

the development of scientific inquiry skills among primary education students?

Table 7: The influence of hands-on science engagements on the development of

scientific inquiry skills among primary education students

Mean

Statistic

Std.

Deviation Variance

Statistic

Statistic

Skewness

Statistic

Std.
Error

Kurtosis

Statistic

Std.
Error

Hands-on science
engagements

deepen inquiry

skills, offering

practical 2.00
experiences

crucial for

primary students'
understanding.

Active

participation in

hands-on

activities

enhances primary 3.55
students' ability

to investigate and

apply scientific

concepts.

The tangible
nature of hands-
on science
engagements
sparks curiosity,
fostering primary
students' intrinsic
interest.

3.23

1.210

.678

998

1.465

460

996

.556

-1.771

-1.040

203

203

203

-1.407

3.701

-.153

403

403

403
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Hands-on

engagement

cultivates primary

students’ 3.22 770
problem-solving

skills, crucial for

scientific inquiry

proficiency.

Hands-on
activities create
memorable
learning
experiences,
contributing
significantly to

3.39 .796

primary students'
inquiry skill
development.

Valid N (listwise)

594

.634

-.863

-1.250

203

203

.582

1.030

403

403

Table 7 illustrates the influence of hands-on science engagements on the
development of scientific inquiry skills among primary education students. The
mean scores suggest that hands-on activities play a pivotal role in deepening inquiry
skills (2.00), enhancing the ability to investigate and apply scientific concepts (3.55),
sparking intrinsic interest (3.23), cultivating problem-solving skills (3.22), and
creating memorable learning experiences (3.39). Standard deviations, skewness, and
kurtosis values provide understandings into data dispersion and symmetry. Overall,
hands-on science engagements significantly contribute to primary students' scientific
inquiry skill development by providing practical experiences, fostering curiosity, and
enhancing problem-solving abilities, thus creating a foundation for a comprehensive

understanding of scientific concepts.

3.3 Hypotheses Testing
Hypothesis One: There is no significant impact of personalized learning on the
development of scientific inquiry skills among early childhood care and primary

education students.
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Table 8: ANOVA on impact of personalized learning on the development of
scientific inquiry skills among early childhood care and primary education

students

Sum of Mean

Squares df Square F Sig.
Between Groups 441.671 1 441.671 29.289  .000
Within Groups 2126.217 141 15.080
Total 2567.888 142

The ANOVA results for the impact of personalized learning on scientific
inquiry skills as presented in Table 8 indicate a significant difference between groups
(F = 29.289, p < 0.001). With a low p-value (0.000), the hypothesis of no impact is
rejected. This suggests that personalized learning has a statistically significant effect
on the development of scientific inquiry skills among early childhood care and

primary education students.

Hypothesis two: There is no significant influence of hands-on science engagements
on the development of scientific inquiry skills among early childhood care and
primary education students.

Table 8: ANOVA on influence of hands-on science engagements on the
development of scientific inquiry skills among early childhood care and primary
education students.

Sum of Mean
Squares df Square F Sig.
Between Groups  654.137 1 654.137 56.518  .000

Within Groups 1631.932 141 11.574

Total 2286.070 142

Table 8 presents ANOVA results for the influence of hands-on science
engagements on scientific inquiry skills. The significant difference between groups (F
= 56.518, p < 0.001) suggests a rejection of the null hypothesis. This implies that
hands-on science engagements have a statistically significant impact on the
development of scientific inquiry skills among early childhood care and primary
education students.
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3.1. Discussion of results

The impact of personalized learning on scientific inquiry skills among early
childhood care and primary education students, as revealed in Table 4, is substantial.
The mean scores highlight positive effects on critical thinking abilities (3.86),
hypothesis formulation (3.87), and experimental design proficiency (3.94). This aligns
with findings in the literature, where personalized learning has consistently shown
to enhance critical thinking skills (Smith et al.,, 2021). Additionally, the positive
impact on hypothesis formulation is in line with a related study by Johnson and
Brown (2022), reinforcing the notion that personalized learning fosters inquiry-based
skills. However, the lower mean in experimental planning skills (2.33) raises
questions about the effectiveness of personalized learning in this specific domain.
This finding is in contrast to studies by Ingkavara et al., (2022) and Li et al., (2023),
who reported significant improvements in experimental planning skills through
personalized learning interventions. The disparity according to De-Leeuw et al.,
(2016) may stem from variations in student characteristics across studies. The
standard deviations, skewness, and kurtosis values provide understandings into the
distribution and symmetry of the data, indicating the robustness of the study (Park et
al., (2022). In summary, while the positive impact of personalized learning on
scientific inquiry skills is evident, variations in specific skill domains suggest the
need for further investigation and refinement in instructional approaches.

Table 5 sheds light on the impact of hands-on science engagements on specific
scientific inquiry skill domains among early childhood care and primary education
students. The mean scores reveal positive effects on observation and exploration
skills, hypothesis testing, and comprehensive understanding, aligning with
numerous studies emphasizing the efficacy of hands-on activities in enhancing these
skills (Malik & Zhu, 2023; Aerila & Ronkko, 2023; Labrie et al., 2022; Kibga et al.,
2022). In contrast, the slightly lower mean in practical activities for evidence-based
conclusions raises questions about the effectiveness of hands-on engagements in this
specific domain. This finding contrasts with the results reported by Siverling et al.,
2021), who demonstrated significant improvements in evidence-based reasoning
skills among students engaged in hands-on science activities. Overall, the positive
impact of hands-on science activities on scientific inquiry skills is evident,
emphasizing the importance of incorporating practical, experiential learning

opportunities in early education settings.
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Table 6 provides compelling understandings into the impact of personalized
learning on scientific inquiry skills among primary education students. The mean
scores demonstrate a significant positive influence, fostering self-directed learning,
refining inquiry skills through tailored feedback, identifying gaps through adaptive
assessments, and instilling ownership for effective exploration. This aligns with a
growing body of research emphasizing the role of personalized learning in
promoting individualized scientific inquiry skills (Cevikbas & Kaiser, 2022; Bernacki
et al., 2021). In contrast, the ANOVA results in Table 8 reveal a significant difference
between groups (F = 29.289, p < 0.001), rejecting the hypothesis of no impact. This
finding is consistent with Zhang et al.,, (2020), who demonstrated a significant
positive effect of personalized learning on scientific inquiry skills in primary
education. The literature (Ingkavara, 2022; Bernacki et al., 2021), thus, supports the
assertion that personalized learning is a potent educational strategy for enhancing
scientific inquiry skills among primary education students. The results collectively
underscore personalized learning as a potent educational strategy, tailoring

experiences to enhance scientific inquiry skills among primary education students.
Table 7 underscores the significant impact of hands-on science engagements

on the development of scientific inquiry skills among primary education students.
The mean scores suggest that hands-on activities play a pivotal role in deepening
inquiry skills, enhancing the ability to investigate and apply scientific concepts,
sparking intrinsic interest, cultivating problem-solving skills, and creating
memorable learning experiences. This aligns with a growing body of research
emphasizing the positive influence of hands-on activities on various aspects of
scientific inquiry skills (Caglak, 2017; Demirhan & Sahin, 2021; Chi & Wang, 2023).
Contrastingly, the ANOVA results in Table 8 reveal a significant difference between
groups (F = 56.518, p < 0.001), rejecting the null hypothesis of no impact. This result
is in agreement with the findings of Ambarita et al., (2019), who similarly
demonstrated a significant positive effect of hands-on science engagements on the
development of scientific inquiry skills among primary education students. Overall,
hands-on science engagements emerge as a significant contributor to the
development of scientific inquiry skills, providing practical experiences and fostering
curiosity among primary education students

In conclusion, this study has provided valuable understandings into the

influence of personalized learning and hands-on science engagements on scientific
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inquiry skills among early childhood care and primary education students. The
findings reveal that personalized learning significantly enhances various scientific
inquiry skills, fostering critical thinking, hypothesis formulation, experimental
design, and evidence-based conclusions. Similarly, hands-on science engagements
emerge as a potent contributor to the development of scientific inquiry skills among
primary education students. The practical experiences offered through hands-on
activities deepen inquiry skills, enhance problem-solving abilities, and create
memorable learning experiences.

The rejection of null hypotheses in the ANOVA results underscores the
statistically significant impact of both approaches on skill development among early
childhood care and primary education students. As educational paradigms continue
to evolve, the integration of personalized learning and hands-on science
engagements stands as a promising avenue for cultivating a generation of learners
equipped with robust scientific inquiry skills. These findings carry implications for
educational practitioners, policymakers, and researchers, emphasizing the
importance of tailoring educational experiences and incorporating hands-on
activities to foster a holistic development of scientific inquiry skills among young

learners
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