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1. Action Research Topic:
Exploring the Impact of Technology Integration on Psychomotor and Cognitive
Development in Primary Science Classrooms:

A Case Study of Singapore International School of Bangkok Suvarnabhumi Campus.

2. Abstract

This research explores the impact of technology integration on primary school students'
psychomotor and cognitive development in science classrooms, focusing on Grades 4, 5, and
6 at the Singapore International School of Bangkok (SISB) Suvarnabhumi Campus. Using a
mixed-method case study approach, the research investigates how interactive digital tools,
virtual simulations, and blended learning environments contribute to students’ cognitive and
psychomotor development. The study also examines how these tools influence teaching

practices and foster skill development in alignment with 21st-century educational demands.

Quantitative data collection involved pre-and post-tests, structured questionnaires, and task
performance metrics to evaluate cognitive improvements and psychomotor skills. Qualitative
data were gathered through classroom observations, semi-structured interviews with teachers,
and focus group discussions with students, enabling a deeper understanding of their
experiences and perceptions. A purposive sample of 50—72 students and 4-8 teachers, all
actively engaged in technology-enhanced science lessons, was selected to ensure relevance to

the research objectives.

The findings reveal that technology integration positively influences cognitive and
psychomotor development. Students demonstrated significant improvements in understanding
complex scientific concepts, such as the water cycle and force, as reflected in post-test scores.
Virtual simulations facilitated visualization and comprehension of abstract topics, enhancing
problem-solving and critical-thinking skills. Psychomotor skills, including coordination,
precision, and task execution speed, were notably advanced through hands-on activities
involving digital tools like interactive models and touchscreens. Teachers reported adopting
innovative pedagogical strategies, indicating that technology fosters active classroom

engagement, collaboration, and creativity.

However, in the years, challenges such as technical difficulties, the need for teacher training,

and ensuring equitable access to resources were also identified. The study highlights the



transformative potential of technology in shaping modern science education and suggests
strategies for optimizing its use, including targeted teacher training and improved digital

infrastructure.

This research contributes to the growing body of literature on educational technology by
providing empirical evidence on its role in primary science education. It underscores the
importance of integrating technology to develop cognitive and psychomotor skills, preparing
students for the demands of the 21st century. The findings have implications for curriculum
design, teacher training, and policy-making, emphasizing the need for a balanced, inclusive

approach to technology use in education.

3. Rationale for the Research (Background of the Study)

Technology integration in education has become a cornerstone of 21st-century pedagogy,
reflecting the increasing reliance on digital tools in various aspects of modern life. In science
education, technology is transforming traditional teaching methods, enabling more interactive
and engaging approaches to learning. This study seeks to explore the role of technology in
developing students' cognitive and psychomotor skills, focusing on primary science
classrooms. Understanding these impacts is crucial for preparing learners to thrive in an

increasingly complex and technology-driven world.

Global Context of Technology in Education

Global research highlights the profound benefits of technology in education. Studies suggest
digital tools can enhance students’ cognitive engagement, enabling a more profound
understanding and applying scientific concepts. For instance, Tamim et al. (2011)
demonstrated that technology integration significantly improves learning outcomes, with
tools such as virtual simulations and interactive models fostering critical thinking and
problem-solving. Similarly, Sung, Chang, and Liu (2016) found that mobile and digital
technologies promote collaborative learning and active participation, which are key elements

in 21st-century education.

Moreover, technology supports psychomotor skill development through hands-on precision
and coordination activities. For example, interactive platforms and digital manipulatives
allow students to experiment with scientific models, improving fine motor skills while

engaging with content (Alkash & Al-Dersi, 2013). These findings emphasize technology's



dual cognitive and psychomotor benefits, making it indispensable in modern science

classrooms.

Relevance to the Singapore International School of Bangkok (SISB)

At the Singapore International School of Bangkok (SISB), integrating technology into
teaching is central to its mission of fostering global citizens. Interactive whiteboards, iPads,
and virtual science simulations align with the school’s commitment to innovative and holistic
education. However, the specific impact of these technologies on cognitive and psychomotor
skills remains underexplored. This research aims to fill this gap by evaluating how

technology supports learning at critical developmental stages in Grades 4 to 6.

This focus on SISB is timely and relevant, as the school represents a model of 21st-century
education in Southeast Asia. The findings will enhance instructional practices within the

school and provide insights applicable to similar educational contexts globally.

Addressing Challenges in Technology Integration

While technology's benefits are widely recognized, integrating it in classrooms is often
fraught with challenges. Teachers may lack adequate training to use digital tools effectively,
and technical issues can disrupt the learning process (Lim & Morris, 2009). Moreover,
disparities in access to resources can create inequities among students, limiting the overall

effectiveness of technology-enhanced learning.

These challenges underscore the need for evidence-based strategies to maximize technology's
benefits while mitigating potential drawbacks. This study will identify barriers to effective
technology use at SISB and propose actionable solutions, ensuring that all students can

benefit equitably from these innovations.

Theoretical Framework

This research is informed by Vygotsky’s social constructivist theory, which emphasizes the
role of tools in mediating learning. Technology is a cognitive tool that enables students to
construct knowledge through interaction and collaboration (Vygotsky, 1978). Additionally,
the Technological Pedagogical Content Knowledge (TPACK) framework highlights the

interplay between technology, pedagogy, and content, providing a basis for understanding



how teachers can effectively integrate digital tools into science education (Mishra & Koehler,

2006).

Research Gap

Although numerous studies have examined the general effects of technology in education,
few have focused on its specific impact on cognitive and psychomotor development in
primary science classrooms. Furthermore, limited research adopts a case study approach to
explore these dynamics in international schools, particularly in Southeast Asia. This study
addresses these gaps by providing empirical evidence from SISB, contributing to academic

literature and practical applications in education.

Significance of the Study

This research is significant for educators, policymakers, and curriculum developers, as it
highlights the potential of technology to transform science education. It also aligns with
global education goals, such as Sustainable Development Goal (SDG) 4, which emphasizes
inclusive and quality education for all (United Nations, 2015). Focusing on the dual
development of cognitive and psychomotor skills, this study provides a holistic perspective
on student growth, offering valuable insights for creating more effective and equitable

learning environments.

In conclusion, this study explores the transformative potential of technology in primary
science education, addressing critical gaps in the literature and providing actionable insights
for schools like SISB. Its focus on cognitive and psychomotor development contributes to the

broader goal of preparing students for the demands of the 21st century.



4. Research Questions and Research Objectives.

Objective Data to be Data Collection | Target Population | Data Analysis
Statements collected Methods & Sample Approach
Numerical: Task | - Observation: Population: Grade | Quantitative:
completion Checklist for 4-6 students and Descriptive
times, accuracy, | tracking science teachers statistics (e.g.,

1. To evaluate the

and precision.

precision and

using digital tools at

means,

impact of Narrative: coordination SISB. percentages) for
interactive Observations and | during tasks Sample: 50-72 performance
digital tools on | teacher/student using digital students and 4-8 metrics.
psychomotor feedback on tools. teachers selected Qualitative:
skills psychomotor - purposively Thematic analysis
development in | skills. Questionnaires: of feedback and
primary science For teachers and observations
lessons. students to rate
psychomotor
progress.
- Performance
Tasks: Hands-on
digital science
activities
assessed
quantitatively.
2. To assess the Numerical: Pre- | Tests: Pre-tests | Population: Grade Quantitative:
role of virtual and post-test are used to 4-6 students Statistical

simulations in
enhancing
cognitive
understanding of
complex scientific

concepts

scores on
specific science
concepts.
Narrative:
Student/teacher
perspectives on

the value of

measure baseline
understanding,
and post-tests are
used to assess
improvement
after virtual

simulation use.

studying concepts
like the water cycle
and force with
virtual simulations.
Sample: 50-76
students and 48

teachers

comparisons of
pre-and post-test
scores (e.g.,
t-tests).
Qualitative:
Thematic analysis

of open-ended




virtual

simulations

Questionnaires:
Structured
feedback from
students and
teachers.

- Interviews:
Semi-structured
interviews will
explore detailed

insights.

feedback and

interviews.

3. To investigate
how hands-on
technology
integration
transforms
educational
practices and
develops fine

motor skills.

Numerical:
Motor skill
performance
metrics (e.g.,
task precision,
time).
Narrative:
Teacher and
student
reflections on
technology's

impact.

- Observation:
Checklist to track
fine motor skills
during hands-on
activities.
Questionnaires:
Feedback on
experiences with
technology.

- Interviews:
Teachers'
reflections on
integrating
technology in

hands-on tasks.

Population: Grade
4-6 students exposed
to hands-on digital
tools and their
teachers.

Sample: 50-72
students and 48
teachers using

technology tools.

Quantitative:
Descriptive
statistics for
motor skill
metrics.
Qualitative:
Thematic analysis
of teacher
interviews and

student responses

4. To examine the
impact of
technology-enhan
ced learning on
students'

problem-solving

Numerical: Pre-
and
post-assessment
scores of
problem-solving

abilities.

- Tests: Pre- and
post-tests on
problem-solving
tasks.

- Digital
Metrics: Data

Population: Grade
4-6 students and
science teachers at
SISB.

Sample: 50-72
students and 4-8

Quantitative:
Comparison of
assessment scores
(e.g., paired
t-tests).




and
critical-thinking

abilities in science.

Narrative:
Classroom

interactions and

feedback on

critical thinking.

from interactive
tools.

- Questionnaires
& Interviews:
Student
self-assessments
and teacher
observations on

critical thinking.

teachers using
technology-enhanced

learning methods.

Qualitative:
Identification of
themes from
qualitative
feedback and

observations.
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5. Literature Review

Technology integration into education has been widely researched over the past few decades,
with a significant focus on its impact on learning outcomes, teaching methodologies, and skill
development. This review critically analyzes relevant studies to comprehensively understand
how technology affects cognitive and psychomotor development in primary science

classrooms.

- Impact of Technology on Cognitive Development

Technology has been shown to enhance cognitive skills, including critical thinking,
problem-solving, and conceptual understanding. Tamim et al. (2011) examined technology
integration in education, concluding that digital tools significantly improve academic
performance when effectively implemented. Similarly, Sung, Chang, and Liu (2016) found
that technology fosters engagement and facilitates a deeper understanding of abstract
scientific concepts. For instance, virtual simulations allow students to visualize processes like
the water cycle or energy transfer, which are otherwise difficult to comprehend (Bernard et

al., 2014).

However, ensuring that these tools are used meaningfully presents challenges. Mishra and
Koehler (2006) emphasize the importance of the Technological Pedagogical Content
Knowledge (TPACK) framework, which underscores the need for teachers to balance
technological skills with pedagogical strategies. Without this balance, technology may fail to

achieve its intended cognitive benefits.

Despite these insights, few studies specifically examine how technology impacts the
cognitive development of primary school students in Southeast Asia. This gap underscores
the need for localized research, particularly in schools like the Singapore International School

of Bangkok (SISB), where digital tools are central to teaching practices.

- Role of Technology in Psychomotor Development

Research on psychomotor development highlights the importance of hands-on learning,
which is increasingly supported by technology. Interactive tools like touchscreens and digital

manipulatives enable students to develop coordination, precision, and fine motor skills. For
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example, Alkash and Al-Dersi (2013) observed that students who used interactive digital

tools outperformed their peers in tasks requiring fine motor skills.

Performance-based tasks, such as assembling digital models or conducting virtual
experiments, have also been linked to improved psychomotor skills (Sung et al., 2016).
However, some researchers argue that over-reliance on technology may reduce opportunities
for traditional skill-building activities, such as manual experimentation (Lim & Morris,
2009). Therefore, balancing digital and traditional approaches is critical to optimizing

psychomotor development.

While the global literature highlights these trends, there is limited evidence specific to
primary science education in international schools. This research addresses this gap by

focusing on how digital tools influence psychomotor skills at SISB.

- Blended Learning and Holistic Development

Blended learning, which combines digital tools with traditional teaching methods, has been
identified as a promising approach to holistic education. Bernard et al. (2014) found that
blended learning environments enhance cognitive and psychomotor skills by providing active
engagement and personalized instruction opportunities. In science education, this approach
allows students to interact with digital simulations while participating in hands-on

experiments, fostering a balance between theoretical understanding and practical application.

Despite its advantages, blended learning presents challenges, such as technical difficulties
and the need for teacher training. Lim and Morris (2009) highlight that teachers often
struggle to integrate digital tools effectively due to a lack of professional development.
Addressing these challenges is essential for ensuring the success of blended learning
Initiatives.
- Challenges in Technology Integration

While the benefits of technology integration are widely acknowledged, several challenges
persist. Access to resources, teacher readiness, and student digital literacy are critical factors
influencing the effectiveness of technology in education (Garrison & Kanuka, 2004). Access

to devices and internet connectivity disparities in low-resource settings can exacerbate

educational inequalities (Tamim et al., 2011). Zhao and Kuh (2004) caution against assuming

12



that technology automatically leads to better learning outcomes. Instead, its success depends
on careful planning, ongoing support, and alignment with curriculum goals. These findings
highlight context-specific research's importance in identifying best practices for technology

integration.

- Theoretical Frameworks Supporting Technology in Education

This study is grounded in Vygotsky’s social constructivist theory, which emphasizes the role
of tools in mediating learning and promoting collaboration (Vygotsky, 1978). Digital tools act
as cognitive scaffolds, enabling students to explore complex concepts and develop
problem-solving skills. The TPACK framework further supports this study by providing a
structured approach to understanding how technology can be integrated effectively into

pedagogy and content (Mishra & Koehler, 2006).

- Ciritical Insights and Research Gaps

While existing literature provides substantial evidence of the benefits of technology in
education, gaps remain in understanding its localized impact in international primary schools.
Most studies focus on secondary or higher education, with limited attention to younger
learners. Additionally, few researchers explore technology's dual impact on cognitive and

psychomotor development.

This study addresses these gaps by examining the experiences of students and teachers at
SISB, providing empirical evidence on how technology influences primary science education
in a Southeast Asian context. Adopting a mixed-methods approach offers a comprehensive
analysis of both quantitative outcomes and qualitative insights, contributing to the growing

knowledge of educational technology.
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Methodology

Research Design: This research adopts a mixed-methods approach, combining
qualitative and quantitative methods. The approach ensures comprehensive data
collection and analysis, capturing numerical outcomes and in-depth insights. A case
study design is employed, focusing on the Singapore International School of Bangkok

(SISB) to explore the impact of technology integration in primary science classrooms.

Population:

The study targets two main groups:

Primary school students in Grades 4, 5, and 6 who participate in science lessons
involving technology.
Science teachers at SISB integrate digital tools into their teaching.

Sample Size:

Students: 5072 participants were selected purposively to include a mix of grades,
genders, and technology exposure levels.

Teachers: 4-8 participants, chosen for their active use of technology in classrooms.
The sampling technique uses purposive sampling to ensure that participants have

relevant experience with technology integration in science lessons.
6.1 Objective Question 1:

This section details the methodology used to assess how interactive digital tools
influence psychomotor skills in primary science lessons at the Singapore International
School of Bangkok (SISB). The research follows a mixed-methods approach,
combining quantitative and qualitative data collection techniques. The study employs
a quasi-experimental design with a pre-test and post-test approach. Students engage in
hands-on digital science activities before and after exposure to interactive digital
tools, allowing for a comparison of their psychomotor skill development over time. A
case study approach provides in-depth insights into students' experiences with
technology, combining observations, questionnaires, and performance-based tasks to

measure skill progression.
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Quantitative Data Collection:

The quantitative approach focuses on task performance metrics, including:

Task Completion Time: Measuring how quickly students complete assigned digital
activities.

Accuracy: Evaluating the precision of task execution.

Precision & Coordination: Measuring fine motor skills, such as manipulating virtual

science models or conducting digital experiments.

Performance Tasks (Hands-on Digital Science Activities)

Students perform interactive experiments using digital tools (e.g., simulations,
touchscreen tasks, or virtual labs).

Each student completes a pre-test task before the technology exposure and a post-test
task after two weeks.

Metrics such as task completion time, accuracy, and movement precision are

recorded.
Task Type Description Measured Example Tool
Psychomotor
Skills
Virtual Lab Activity Drag and drop the | Hand-eye PhET Interactive
correct coordination, Simulations
components of a accuracy
circuit
Touchscreen Adjusting virtual | Fine motor Virtual
Experiment microscope focus | control, precision | Microscope App
Interactive Science Assembling digital | Dexterity, speed Google
Model plant/animal cells Expeditions
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Observational Checklist (Tracking Coordination and Precision)

Teachers will use a structured checklist to record students' motor coordination, hand

movement accuracy, and responsiveness when engaging with digital tools.

movements well

Indicator Low (1) Moderate (2) High (3)

Uses touchscreen Struggles to control | Some accuracy but | Highly precise and
precisely movements slow efficient
Coordinates Often misses the Sometimes accurate | Consistently
hand-eye target accurate

Completes tasks in a

reasonable time

Takes too long

Moderate speed

Fast and precise

Qualitative Data Collection includes teacher and student questionnaires, open-ended

interviews, and classroom observations.

Questionnaires for Teachers and Students

A Likert-scale questionnaire will assess student perceptions of their psychomotor

development and teachers' observations on improved coordination and precision.

Sample Questions for Students:

(Responses: Strongly Agree — Agree — Neutral — Disagree — Strongly Disagree)

A

Sample Questions for Teachers:

I 'am confident in using digital tools in science lessons.

I find it easier to control objects on a touchscreen after using digital tools.

Using interactive models has helped me complete tasks more accurately.

Virtual lab activities have improved my ability to handle real-life scientific tools.

(Responses: Strongly Agree — Agree — Neutral — Disagree — Strongly Disagree)

1. Students show better coordination after engaging with interactive digital tools.

2. Fine motor skills, such as object manipulation, have improved due to touchscreen

activities.
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3. Students complete virtual experiments more accurately with time.
4. There is a noticeable improvement in task completion speed after exposure to digital

tools.

Semi-structured interviews (Teachers & Focus Groups with Students)
A few teachers and selected students participated in semi-structured interviews to provide

deeper insights into their experiences with digital tools.
Example Teacher Interview Questions:

1. Have you observed student motor coordination and precision improvements using
digital science activities?

2. How do students respond to interactive tools compared to traditional methods?

3. What challenges do students face when using digital tools for hands-on science

activities?
Example Student Focus Group Questions:

1. How do you feel about using digital simulations compared to traditional hands-on
experiments?

2. Do interactive science tools help you become better at using real-world scientific
equipment?

3. What difficulties do you face when performing digital hands-on tasks?
Quantitative Data Analysis:

e Task completion times, accuracy scores, and coordination ratings will be entered into
Excel or Tables for analysis.

e Descriptive statistics (mean, percentage improvements) will summarize trends in
psychomotor skill development.

e A paired t-test will compare pre-test and post-test performance, determining statistical

significance.

17



Metric Pre-test mean score | Post-test mean | Improvements
score

Task Completion 45% 80% +35%

Time

Accuracy 50% 85% +35%

Coordination & 40% 78% +38%

Precision

Qualitative Data Analysis

e Interview and open-ended questionnaire responses will be transcribed and analyzed

using thematic analysis (Braun & Clarke, 2006).

e Common themes will be identified, such as:

- Improved motor skills due to technology.

- Challenges in adapting to digital tools.

- Teacher strategies to enhance coordination through technology.

Theme

Sample responses

Improved Coordination Students are quicker and more precise when dragging objects on

the screen.

Increased confidence

They seem more comfortable using touchscreen tools after a few

sessions.

Challenges with Adaptation Some students initially struggle with sensitivity settings on

digital tools.
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6.2: Objective Question 2
Quantitative Data Collection
Pre- and Post-Test Assessments

o Purpose: Measure students’ conceptual understanding before and after exposure to
virtual simulations.

e Structure:

- Pre-test: Administered before the use of virtual simulations to establish baseline
knowledge.

- Post-test: Conducted after students complete simulation-based learning to measure
knowledge improvement.

o Tested Science Concepts:

- Water Cycle (Processes: Evaporation, Condensation, Precipitation)

- Force (Effects of Force, Newton’s Laws, Friction)

- Energy (Types of Energy, Energy Transfer)

19



Sample Pre- and Post-Test Questions:

(Force)

with 10N force on
one side and 5N on
the other. What is
the net force and

direction?

Question Type Sample Question Answer Choices (if [ Correct answers
applicable)
MCQ (Water Cycle) | What happens when | A) Evaporation B)Condensation
water vapor cools B) Condensation
down? C) Precipitation
D) Transpiration
MCQ Forces Which force slows | A) Gravity B) Friction
down a moving B) Friction
object? C) Magnetism
D) Air Resistance
Short Answer Explain how energy Energy is transferred
(Energy) is conserved in a between kinetic and
pendulum. potential forms but
remains constant.
Problem-Solving A ball is pushed 5N in the direction

of the more

significant force
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Data Representation:

e Scores will be recorded and compared statistically using paired t-tests to determine

the effectiveness of virtual simulations.

Concept Pre-test mean score | Post-test mean | Improvements
score

Water cycle 45% 90% +40%

Forces 50% 85% +40%

Energy 48% 88% +40%

B. Qualitative Data Collection
1. Questionnaires for Teachers and Students

e Purpose: Capture students' and teachers' perceptions of virtual simulations.

e Format: Likert-scale questions + open-ended responses.

Sample Questions for Students:

(Responses: Strongly Agree — Agree — Neutral — Disagree — Strongly Disagree)

1. Virtual simulations helped me understand scientific concepts better than traditional
methods.

2. Ifind it easier to visualize abstract concepts after using virtual simulations.

3. The interactive nature of virtual simulations made learning more engaging.

4. 1 feel more confident explaining science topics after using simulations.
Sample Questions for Teachers:

1. Virtual simulations enhance students’ conceptual understanding of complex topics.
2. Students engage more actively in lessons that use virtual simulations.

3. I have observed significant learning improvements after using virtual simulations.
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4. What are some challenges you face when integrating virtual simulations into your

lessons? (Open-ended)

2. Semi-Structured Interviews (Teachers & Focus Groups with Students)
A subset of students and teachers will participate in interviews to provide deeper insights

into their experiences with virtual simulations.
Sample Teacher Interview Questions:

1. How have virtual simulations impacted students' ability to understand complex
scientific concepts?

2. What improvements have you observed in students’ problem-solving and
critical-thinking skills?

3. What challenges have you faced in implementing virtual simulations in your lessons?

4. How do virtual simulations compare with traditional teaching methods in science

education?
Sample Student Focus Group Questions:

Can you describe how virtual simulations helped you understand a complex topic?
Do you feel more confident in applying what you learned in real-world situations?

How do virtual simulations compare with textbooks and classroom experiments?

b=

What difficulties, if any, did you encounter when using virtual simulations?

Quantitative Data Analysis: Descriptive statistics (mean, standard deviation,

percentages) will summarize pre-test and post-test results.

Paired t-tests will determine whether virtual simulations led to significant improvements in

understanding.
Metric Pre-test mean score | Post-test mean | p-value
score (Significance)
Cognitive 50% 90% p <0.05
Understanding
Problem-solving 45% 85% p <0.05
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Qualitative Data Analysis

e Thematic analysis (Braun & Clarke, 2006) will identify common themes from

open-ended questionnaire responses and interviews.

o Themes include:

o Enhanced conceptual understanding (e.g., "Simulations helped me visualize
abstract concepts better.")
o Increased student engagement (e.g., "I enjoyed learning through simulations
more than reading textbooks.")
o Challenges in technology integration (e.g., "Some students struggled with
simulation controls.")
Theme Sample Response
Improved Conceptual I now understand how evaporation and condensation work!
Understanding

Engagement

Increased Student

It was fun moving objects and seeing science happen on the screen.

Teacher Challenges Technical issues sometimes interrupt learning during simulations.

6.3 Objective question 3:

Quantitative Data Collection

1. Motor Skill Performance Metrics (Task Precision and Time)

e Purpose: Measure improvements in fine motor skills through digital hands-on tasks.

o Performance Metrics:

o

o

Task Completion Time: How quickly students complete hands-on activities.
Precision: Accuracy in manipulating digital tools (e.g., touchscreen
experiments, virtual science models).

Dexterity: Ability to perform controlled hand movements in interactive tasks.
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Task Type Description Measured  Motor | Example
Skills Technology Tool
Virtual Dissection Students manipulate | Hand-eye Froguts Virtual
virtual instruments coordination, Dissection
to dissect a frog. precision

Science Models

an atom/cell in the

correct order.

accuracy

Microscope Adjusting the focus | Dexterity, finger Virtual Microscope
Simulation on a digital control App

microscope.
Drag-and-Drop Arranging parts of | Fine motor control, | Google Expeditions

Observational Checklist (Fine Motor Skills Tracking)

Teachers and researchers will use a structured checklist to observe students’ motor skills

during hands-on technology-based activities.

Indicator Low (1) Moderate (2) High (3)

Uses touchscreen Frequently struggles | Sometimes accurate | Highly precise and

tools effectively with control but slow efficient

Demonstrates Misaligns actions Occasionally Consistently

hand-eye often misaligned accurate

coordination

Completes tasks It takes significantly | Completes withina | Completes

within expected time | longer than peers moderate time efficiently and
accurately
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Qualitative Data Collection
Questionnaires for Teachers and Students

e Purpose: Assess experiences and perceptions of hands-on technology integration.

e Format: Likert-scale questions with open-ended responses.

Sample Student Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree)

1. Hands-on technology tools help me complete science tasks more efficiently.

2. Using interactive digital tools improves my ability to handle real-world science
equipment.

3. I feel more confident using touchscreen tools for science experiments.

4. 1 prefer learning with digital, hands-on tools rather than traditional methods.

Sample Teacher Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —

Strongly Disagree)

1. Students show better fine motor skills after using interactive digital tools.

2. Hands-on technology enhances student engagement and participation.

3. I have observed improvements in students’ ability to manipulate objects with
precision.

4. What are the biggest challenges you face in implementing hands-on digital tools?

(Open-ended)

2. Semi-Structured Interviews (Teachers’ Reflections & Student Feedback)
A subset of teachers and students will participate in interviews and focus group discussions

to explore more profound insights.
Sample Teacher Interview Questions:

1. How have hands-on digital tools influenced students’ fine motor skill development?
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2. What improvements have you observed in students' hand-eye coordination and
dexterity?
3. How does hands-on technology compare with traditional science activities?

4. What are the challenges of implementing hands-on digital learning in science lessons?
Sample Student Focus Group Questions:

1. Do you feel more comfortable using science equipment after practicing with virtual
tools?

2. How do digital tools compare to real-life, hands-on experiments?

3. What difficulties do you face when using interactive touchscreens or drag-and-drop
science models?

4. What would you improve about the hands-on digital tools used in class?

Data Analysis

Quantitative Data Analysis

Motor Skill Metric | Pre-test mean score | Post-test mean | Improvements
score

Task Completion 40% 85% +45%

Time

Accuracy in Digital | 45% 90% +45%

Tasks

Dexterity and 42% 88% +46%

Coordination
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Qualitative Data Analysis

e Thematic analysis will categorize teacher and student responses into key themes.

e Sample Themes & Responses:

Theme Sample Responses

Improved Fine Motor Skills | Students are now more precise when using interactive lab

tools.
Increased Engagement They enjoy virtual experiments more than written
assignments.

Teacher  Implementation | Some students need time to adjust to touchscreen interfaces.

Challenges

6.4 Objective question 4:

Quantitative Data Collection
1. Pre- and Post-Test Assessments (Problem-Solving and Critical-Thinking Tasks)

e Purpose: Measure problem-solving abilities and critical thinking before and after
exposure to technology-enhanced learning.

e Structure:

- Pre-test: Administered before students engage with digital tools.

- Post-test: Conducted after students complete lessons using simulations, gamified

learning, or inquiry-based digital activities.
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Problem-Solving Sample  Pre-Test | Answer Choices (if | Correct answers
Concept Question applicable)
Forces and Motion | A student pushesa | A)3N B) 7N
of an Object box with a force of | B) 7N
10N. What is the net | C) 10N
force if friction D) 13N

applies 3N in the

opposite direction?

Scientific reasoning

What happens to the
temperature of water
when it evaporates?

Explain why.

It decreases because
evaporation requires

heat energy.

Hypothesis Testing

A student wants to
test whether salt
affects water’s

freezing point. What

A) The amount of
salt
B) The temperature

of the room

A) The amount of

salt

should be the C) The amount of
independent water
variable? D) The type of
container
Data Interpretation | Look at this graph of Plants grow faster

plant growth over
time. What
conclusion can you

draw?

with sunlight

compared to shade.
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Data Representation:

e Test scores are recorded and compared using paired t-tests to measure improvements.

Metric Pre-test mean score | Post-test mean | Improvements
score

Problem-Solving 48% 88% +40%

Critical Thinking 45% 85% +40%

Data Interpretation | 50% 90% +40%

Digital Metrics (Tracking Interactive Learning Data)

e Purpose: Evaluate students' problem-solving performance in digital activities (e.g.,

simulations, gamified challenges).

o Metrics Collected:

- Time is taken to solve science-based challenges.

- Accuracy of responses in digital problem-solving tasks.

- Number of attempts before reaching the correct answer (learning progression).

& deduction

Digital Task Measured Skill Pre-Task Accuracy | Post-Task
(%) Accuracy (%)

Virtual Science Hypothesis testing 42% 85%

Experiment

Simulation on Applying Newton’s | 45% 88%

Forces laws

Gamified Challenge | Pattern recognition | 50% 90%
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Qualitative Data Collection
1. Questionnaires for Teachers and Students

- Purpose: Gather perceptions on how technology-enhanced learning influences
problem-solving and critical thinking.

- Format: Likert-scale questions + open-ended responses.

Sample Student Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree)

1. Digital science tools help me think critically about solving problems.
Virtual experiments make it easier to test hypotheses and analyze results.

I am more confident solving science-related challenges after using simulations.

Eal

Digital tools help me connect classroom knowledge to real-world problems.

Sample Teacher Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —

Strongly Disagree)

1. Students engage more deeply in problem-solving tasks when using digital tools.

2. Virtual simulations improve students' ability to analyze and interpret data.

3. Gamified learning environments encourage students to apply scientific reasoning
skills.

4. What challenges do you face in implementing technology for problem-solving

lessons? (Open-ended)

Semi-Structured Interviews (Teachers & Students)
A subset of teachers and students will participate in interviews and focus group discussions

for deeper insights.
Sample Teacher Interview Questions:

1. How do digital tools influence students’ ability to analyze and solve scientific
problems?

2. Have you observed improvements in students' critical-thinking abilities after using
interactive simulations?

3. What types of problem-solving challenges are best suited for digital learning?
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4. What obstacles do you face when integrating technology-enhanced learning in

problem-solving lessons?
Sample Student Focus Group Questions:

1. How have digital simulations helped you think critically about science problems?

2. Can you describe when a virtual experiment helped you solve a complicated question?

3. What do you like or dislike about using technology in science problem-solving
activities?

4. Would you prefer solving science problems with or without technology? Why?

Quantitative Data Analysis

- Descriptive statistics (mean, standard deviation, percentages) will summarize pre-test
and post-test results.
- Paired t-tests will determine whether problem-solving and critical-thinking skills

significantly improved after technology exposure.

Metric Pre-Test  Mean | Post-Test Mean | p-value

(%) (%) (Significance)
Problem-Solving | 48% 88% p <0.05
Critical Thinking | 45% 85% p <0.05
Digital Task 50% 90% p <0.05
Performance

Qualitative Data Analysis

e Thematic analysis (Braun & Clarke, 2006) will analyze student and teacher
feedback.
e Common themes include:
o Improved problem-solving abilities (e.g., "I can now break problems into
steps more easily.")
o Higher engagement in critical thinking tasks (e.g., "I enjoy using digital

simulations to test my ideas.")
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o Challenges in implementing digital learning (e.g., "Some students struggle

with unfamiliar interfaces.")

Theme

Sample Responses

Problem-Solving

Enhancement

simulations.

Students analyze data more effectively using interactive

Increased Student

They enjoy solving digital challenges and competing in

Engagement gamified tasks.
Challenges with "Some students need more guidance in navigating digital
Technology tools."

6.5, Objective question 5:

Quantitative Data Collection

1. Pre- and Post-Test Assessments (Cognitive and Psychomotor Skills)

e Purpose: Measure cognitive improvements and psychomotor skills before and after

blended learning experiences.

e Structure:

o Pre-test: Administered before students engage in blended learning activities.

o Post-test: Conducted after students complete blended learning sessions,

Cognitive Assessment Sample Questions

incorporating digital tools and hands-on tasks.

water vapor cools

and forms droplets?

B) Condensation

C) Precipitation

Concept Sample  Pre-Test | Answer Choices (if [ Correct Answer
Question applicable)
Water cycle What happens when | A) Evaporation B) Condensation
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D) Transpiration

Science Models

diagram (e.g.,
human digestive

system)

accuracy, response

speed

Forces and Motion | A ball rolls faster A) Friction B) Gravity
down a steep slope | B) Gravity
than a gentle slope. | C) Air resistance
What force causes D) Magnetism
this?
Energy Transfer Explain how heat Heat moves by
moves from a hot conduction,
object to a cold convection, or
object. radiation.
Psychomotor Performance Metrics
Activity Task Description Measured  Motor | Technology Used
Skills
Virtual Microscope | Adjusting Fine motor control, | Virtual Microscope
Use magnification to hand-eye App
view specimens coordination
Circuit Building Connecting wires in | Dexterity, precision | PhET Interactive
an interactive Circuits
simulation
Drag-and-Drop Placing labels ona | Hand movement Google Expeditions
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Data Representation:

e Descriptive statistics (mean, standard deviation, percentages) will summarize

cognitive and psychomotor performance changes.

o Paired t-tests will compare pre-test and post-test scores to determine statistical

significance.
Metric Pre-Test Mean Score | Post-Test Mean | Improvement (%)
(%) Score (%)
Cognitive 50% 90% +40%
Understanding
Psychomotor Task 45% 85% +40%
Accuracy
Task Completion 42% 89% +47%
Time

Observation Checklist (Tracking Psychomotor Skills in Blended Learning Tasks)

Teachers and researchers will use a structured checklist to track student fine motor skill

development during hands-on and digital blended learning activities.

Indicator Low (1) Moderate (2) High (3)

Uses touchscreen Frequently struggles | Sometimes accurate | Highly precise and
tools effectively with control but slow efficient
Demonstrates Often misaligned Occasionally Consistently
hand-eye actions misaligned actions accurate
coordination

Completes blended | Takes significantly | Completes withina | Completes
learning tasks longer moderate time efficiently and
efficiently accurately
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Qualitative Data Collection
Questionnaires for Teachers and Students

o Purpose: Assess experiences with blended learning, focusing on cognitive and
psychomotor skill development.

e Format: Likert-scale questions + open-ended responses.

Sample Student Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree)

1. Blended learning makes science lessons more engaging and interactive.

2. Hands-on activities combined with digital learning improve my ability to solve
problems.

3. I feel more confident using digital tools after participating in blended learning.

4. Blended learning helps me apply scientific concepts in real-life situations.

Sample Teacher Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —

Strongly Disagree)

1. Students demonstrate better cognitive understanding when using blended learning.

2. Blended learning enhances fine motor skill development in science tasks.

3. I have observed increased student engagement when combining digital and hands-on
science activities.

4. What challenges do you face when implementing blended learning in science lessons?

(Open-ended)
Questionnaires for Teachers and Students

o Purpose: Assess experiences with blended learning, focusing on cognitive and
psychomotor skill development.

e Format: Likert-scale questions + open-ended responses.
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Sample Student Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree)

1. Blended learning makes science lessons more engaging and interactive.

2. Hands-on activities combined with digital learning improve my ability to solve
problems.

3. I feel more confident using digital tools after participating in blended learning.

4. Blended learning helps me apply scientific concepts in real-life situations.

Sample Teacher Questions: (Responses: Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree)

1. Students demonstrate better cognitive understanding when using blended learning.

2. Blended learning enhances fine motor skill development in science tasks.

3. 1 have observed increased student engagement when combining digital and hands-on
science activities.

4. What challenges do you face when implementing blended learning in science lessons?

(Open-ended)
Quantitative Data Analysis

e Descriptive statistics (mean, standard deviation, percentages) will summarize test
score improvements.
e Paired t-tests will determine the statistical significance of cognitive and

psychomotor performance changes.

Metric Pre-test mean Post-test mean p-value

(%) (%) (Significance)
Cognitive 50% 90% p <0.05
Understanding
Psychomotor Task | 45% 88% p <0.05
Performance
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Qualitative Data Analysis

Thematic analysis will categorize student and teacher responses into key themes.

Themes

Sample Responses

Improved Cognitive Understanding

"I can now visualize how the water
cycle works after using the interactive

model."

Enhance fine motor skills.

"I've become better at handling lab
equipment after using virtual

simulations."

Challenges in blended learning

"Some students struggle to transition

between digital and hands-on tasks."
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7. Data Analysis & Presentation of Results of Findings

Quantitative Data Analysis: The quantitative analysis involves:

e Descriptive Statistics (Mean scores, percentages)

e Inferential Statistics (Paired t-tests) to measure pre-test and post-test improvements

e Performance Metrics from digital learning tasks and hands-on activities

1. Pre- and Post-Test Cognitive Assessment Results (Students)

o The pre-test and post-test were conducted before and after exposure to ICT-based
science learning.

e The mean scores and improvement percentages are shown below.

Science Pre-Test Mean | Post-Test Improvement | p-value
Concept Score (%) Mean  Score | (%)
(7o)

Water cycle 48% 88% +40 p <0.05
Forces and 46% 87% +41 p <0.05
motion

Energy 50% 90% +40 p <0.05
transfer

Scientific 47% 89% +42 p <0.05
inquiry

Overall 47.75% 88.5% +40.75 p <0.05
average
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Key Findings:

e A statistically significant improvement was observed across all tested concepts (p <

0.05).
The most significant improvement was scientific inquiry (+42%), as students gained
critical-thinking skills through ICT-based problem-solving tasks.

The overall increased by 40.75%,

cognitive performance confirming the

effectiveness of ICT-enhanced science learning.

2. Psychomotor Performance Metrics (Students)
Hands-on Pre-Test Post-Test Improvements | Task Completion
activity Accuracy (%) | Accuracy (%) [ (%) Time Reduction (%)
Virtual 45% 86% +41% 30%
Microscope
Circuit Building | 44% 88% +44% 28%
Drag-and-Drop | 48% 90% +42% 35%
Science Models
Virtual Lab | 46% 87% +41% 32%
Simulations
Overall 45.75% 87.75% +42% 31.25%
Average
Key Findings:
e Task accuracy improved by 42%, demonstrating better fine motor skills and hand-eye

coordination.

Task completion time decreased by 31.25%, showing increased efficiency in digital
and hands-on science activities.

Students performed better in virtual experiments, suggesting that ICT tools help refine

psychomotor skills.
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Teachers' Perception of Students’ Cognitive and Psychomotor Growth

Skill Evaluated by | Before ICT Use | After ICT Use (%) | Improvement (%)
Teachers (%)
Understanding of 53% 91% +38%
Scientific Concepts
Ability to Solve 50% 89% +39%
Problems
Hand-Eye 50% 87% +37%
Coordination
Fine Motor 49% 85% +36%
Precision

Key Findings:

e Teachers reported a 38% improvement in students' conceptual understanding of

science.

e Problem-solving abilities improved by 39% as students engaged with interactive

digital tools.

e Fine motor skills improved by 36%, with better control in handling virtual lab

instruments and simulations.

Qualitative Data Analysis

The qualitative data were analyzed using thematic analysis, focusing on students’ and

teachers’ reflections on ICT-enhanced learning experiences.
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Key Themes Identified from Student Responses

Theme Sample Responses
Better Conceptual Using virtual simulations helped me understand how forces act on
Understanding objects.
Improved I got better at using touchscreen tools and virtual lab instruments.
Psychomotor Skills
Increased I am confident answering science questions after practicing with
Engagement & digital tools.
Confidence
Challenges in Digital | Some simulations were complex to use at first, but they became
Learning easier with practice.

Key Insights:

e Students found ICT-based learning more engaging and effective for understanding
scientific concepts.

e Virtual experiments helped refine their fine motor skills, making them better prepared
for real-life science activities.

e Some students initially struggled with ICT tools, requiring teacher support and

guidance.
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Key Themes Identified from Teacher Responses

Theme Example Responses

Increased Student Participation Students were more excited to engage in

science activities using digital tools.

ICT as a Tool for Problem-Solving The ability to manipulate virtual objects
helped students develop better scientific

reasoning.

Faster Learning & Skill Development Students showed improved problem-solving

skills and became faster in completing tasks.

Challenges in Implementing ICT Some students needed extra training to

navigate the digital learning platforms.

Key Insights:

e Teachers observed higher student engagement with ICT-enhanced learning.

e Problem-solving and critical-thinking skills improved as students applied knowledge
in virtual science environments.

e Some challenges in ICT implementation were noted, such as technical difficulties and

the need for additional student support.
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Presentation of findings

Fig 1: Bar chart: Pre-test vs Post-test mean scores across objectives

Pre-test and Post-test mean Performance Across Objectives
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Fig 2: Pie Chart: Average improvements Across all Metrics
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Fig 3: Psychomotor and Cognitive Improvements Across Objectives

@ Cognitive
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Fig 4: Visualization of improvements in Various Skills and concepts
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8. Conclusion, Implementations, and Recommendations.

ICT is an effective strategy for improving cognitive understanding and psychomotor skills in
science.

Students became more engaged and confident in their ability to apply scientific knowledge.
Teachers saw improved student performance but noted the need for structured support in

introducing ICT tools.

The study confirms that integrating technology into science education significantly enhances
both cognitive and psychomotor skills among primary school students. Through digital tools
and virtual simulations, students demonstrated improved conceptual understanding, critical
thinking, and problem-solving abilities. Additionally, psychomotor development was evident
in activities requiring coordination and precision, such as touchscreen interfaces and virtual
laboratory tools. Teachers also reported an increase in engagement and efficiency in learning.
However, challenges such as initial difficulties in adapting to technology and technical

disruptions highlight the need for structured implementation strategies.

Implications The findings have profound implications for educators, curriculum developers,
and policymakers. Technology's positive impact on cognitive and psychomotor development
suggests the need to integrate digital tools more comprehensively into science curricula.
Training programs should be established to equip teachers with the necessary technological
skills, ensuring effective classroom implementation. Schools should also invest in

technological infrastructure to provide equitable access to digital learning tools.
Recommendations

1. Teacher Training: Organize professional development workshops to enhance
teachers' proficiency in integrating digital tools into science instruction.

2. Balanced Learning Approach: Implement digital and hands-on activities to optimize
cognitive and psychomotor skill development.

3. Infrastructure Improvement: Invest in reliable digital infrastructure to minimize
technical challenges and ensure seamless technology integration.

4. Student Support Programs: Provide structured support for students adapting to new

technologies, ensuring an inclusive learning environment.
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5. Further Research: Conduct longitudinal studies to assess the long-term effects of

technology on students' cognitive and psychomotor growth.

Ethical Considerations

e Informed consent from students, parents, and teachers.
e Confidentiality in responses and anonymized data collection.

e Voluntary participation with the right to withdraw at any stage.

Expected outcomes

1. Students significantly improve post-test scores, demonstrating enhanced

problem-solving and critical-thinking abilities.

2. Teachers report higher engagement when using technology-enhanced learning.

3. Identified challenges inform future best practices for integrating technology into

science education.

This study proves that ICT enhances scientific understanding, problem-solving, and

fine motor skills in primary science education.
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