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ABSTRACT 

This study investigated the relationship between students' perceptions of hands-on experiments and 
critical thinking skills in Chemistry among 132 Bachelor of Secondary Education (BSED) Science 
students (2nd and 3rd years) at Don Carlos Polytechnic College during school year 2025-2026. 
Employing a quantitative correlational design, data were collected via validated surveys: the Intrinsic 
Motivation Inventory (IMI) for perceptions across five sub-scales (interest, perceived competence, 
effort, felt pressure, valuing) and a Bloom's Taxonomy-based instrument for critical thinking across six 
domains (remembering, understanding, applying, analyzing, evaluating, creating). Descriptive 
statistics analyzed means with qualitative ratings, while Pearson correlation examined relationships 
between variables. Findings revealed strong positive perceptions of hands-on experiments, particularly 
valuing their relevance and the effort they inspire, coupled with robust self-assessed critical-thinking 
abilities, especially in higher-order skills such as creating and evaluating. A significant, moderate 
positive correlation emerges between these perceptions and the development of critical thinking, 
affirming hands-on activities as vital for shifting from passive learning to active inquiry in chemistry 
education and supporting the alternative hypothesis of a significant relationship, which is hereby 
accepted. These results underscore the pivotal role of hands-on experiments in enhancing students' 
critical thinking skills in Chemistry, aligning with constructivist theories that emphasize active, 
inquiry-based learning. Practical implications include integrating more experiential activities into 
science teacher training curricula to foster higher-order thinking, such as problem-solving and 
evaluation, thereby bridging theory-practice gaps in BSED programs. Recommendations involve faculty 
development workshops on hands-on pedagogy and resource allocation for lab materials. Future 
research could explore causal links using quasi-experimental designs, examine mediating factors such 
as prior knowledge, or extend the findings to other STEM disciplines and larger multi-institutional 
samples. 
 
Keywords: hands-on experiments, critical thinking skills, chemistry education, student perceptions, 
correlation analysis 
 

1. INTRODUCTION 

Globally, recent chemistry education research, 
including Rodriguez & Towns (2018) who 
modified lab experiments with reframed 
pre/post-lab questions to boost critical thinking 
engagement, Kibga et al. (2021), who 
demonstrated that hands-on activities enhanced 
curiosity and indirect critical skills via low-cost 
local materials in Tanzanian schools, Shana & 
Abulibdeh (2020), who advocated practical 
exercises for deeper chemistry comprehension, 
and recent works like Szalay et al. (2023, 2024) on 
scaffolding experimental design for critical 

reasoning, underscored that hands-on 
experiments significantly enhanced critical 
thinking skills by transforming passive learning 
into active inquiry. These laboratory activities 
fostered analytical depth, procedural confidence, 
and conceptual mastery through experiential 
cycles of observation, reflection, and abstraction 
in phenomena such as acid-base titrations and 
reaction kinetics, as students hypothesized, 
troubleshooted anomalies, interpreted data, 
evaluated evidence, and solved sustainability-
related problems, contrasting rote methods with 
reflective reasoning. Studies further confirmed 
strong correlations between such engagement and 
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self-reported gains in competencies like 
argumentation and error analysis. 
 
At Don Carlos Polytechnic College (DCPC), 
persistent deficiencies in chemistry laboratory 
facilities created a critical gap between hands-on 
experiments and critical thinking skills, as limited 
chemicals and other laboratory materials 
restricted practical engagement. Additionally, 
hands-on experiments demonstrated a stronger 
influence on critical thinking skills among DCPC 
BSED Science students in A.Y. 2025-2026, as 
practical engagement directly built procedural 
mastery and data interpretation abilities essential 
for hypothesizing, analyzing mechanisms, and 
evaluating evidence, while both factors 
contributed meaningfully, with hands-on 
experiments serving as the primary driver by 
providing concrete experiences that enhanced 
critical thinking application in real-world contexts 
like sustainability 
 
challenges. This proposed relationship aligns with 
Seery (2021), who demonstrated, through a meta-
analysis, that laboratory-based instruction 
significantly outperformed other methods in 
fostering critical thinking development, 
particularly in resource-constrained educational 
settings like DCPC. 
 
This research held paramount importance for Don 
Carlos Polytechnic College (DCPC), as it directly 
addressed the critical shortage of hands-on 
chemistry experiments that obstructed the 
perceived development of critical thinking skills 
among BSED Science students in this rural, low-
income tertiary context. Unlike urban high school 
studies such as Santos and Guidote (2020)—
which validated green chemistry using local 
materials (guava extracts, vinegar) at Saint Paul 
College, Pasig, but lacked applicability to rural 
colleges—this study provided specific validation 
for scaling low-cost inquiry labs. National trends 
showed that inquiry-based approaches yielded 
substantial gains in critical thinking competencies, 
yet lecture dominance hindered skill-building in 
areas like reaction hypothesizing and data 
evaluation; this research bridged that gap by 
establishing how perceived hands-on experiments 
drove critical thinking skills, offering validated, 
budget-friendly interventions (e.g., recycled bottle 
titrations) with teacher-training implications 
absent in prior K-12 focused studies like the 2023 
Ilocos Sur ADDIE-model work. 

In the Philippines, the K-12 STEM curriculum 
has consistently shown persistently low science 
proficiency, evidenced by PISA 2022 scores 
averaging 355 in science (versus the OECD's 485), 
highlighting deficiencies in inquiry skills and the 
application of chemical concepts within lecture- 
dominated classrooms. Despite national mandates 
for critical thinking and laboratory work under the 
Enhanced Basic Education Act, rural 
implementation gaps—overcrowded classes, 
inadequate facilities, teacher training deficits—
limited hands-on engagement (San Gabriel & 
Manalastas, 2025). Pacifico (2021) showed that 
Grade 12 STEM students gained motivation from 
pandemic-era home experiments but lacked 
sustained validation of their critical thinking. Five 
key RRL studies confirmed these links: Walker et 
al. (2021) found that hands-on labs boosted 
critical thinking through experiential inquiry; 
Abrahams & Millar (2020) demonstrated that 
inquiry experiments enhanced critical analysis in 
resource-poor settings; Firdaus et al. (2021) 
reported that critical thinking skills linked to 
enhanced analytical abilities in chemistry; Santos 
& Guidote (2020) validated low-cost green 
chemistry labs using local materials like guava 
extracts; and Apsara & Widodo (2022) established 
hands-on inquiry as the strongest predictor of 
critical thinking development in STEM, 
underscoring the need for specific empirical 
validation of perceived hands-on experiments 
toward perceived critical thinking skills in 
chemistry. 
 
Conducting this study provided actionable, 
localized data to enhance instructor 
resourcefulness at Don Carlos Polytechnic College 
(DCPC), elevated perceived hands-on experiments 
as a key driver of perceived critical thinking skills 
in Chemistry among BSED Science students and 
scaled low- cost solutions nationwide. The 
primary objective was to examine the influence of 
perceived hands-on experiments on perceived 
critical thinking skills in Chemistry, with specific 
aims to assess their relationship and predictive 
strength through correlational analysis among 
DCPC BSED Science students. The study employed 
a quantitative correlational design during the 
second semester of academic year 2025-2026 at 
Don Carlos Polytechnic College (DCPC) in Don 
Carlos, Bukidnon, targeting second-year and third- 
year BSED Science students via validated surveys 
on perceived hands-on 
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experiments and perceived critical thinking skills 
in Chemistry. 

 
1.1 Statement of the Problem 

 
This study investigated the relationship between 
students' perceptions of hands-on experiments 
and critical thinking skills in Chemistry. 

Specifically, it sought to answer the following 
questions: 
1. What is the level of hands-on experiments 

among students in Chemistry in terms of: 
a. Interest; 
b. Perceived competence; 
c. Effort; 
d. Felt pressure; and 
e. Value? 

2. What is the level of students' critical 
thinking skills in Chemistry in terms of: 
a. Remembering; 
b. Understanding; 
c. Applying; 
d. Analyzing; 
e. Evaluating; and 
f. Creating? 

3. Is there a significant relationship between 
students' perceptions of hands-on 
experiments and their critical thinking skills 
in Chemistry? 

  
1.2 Hypothesis of the Study 

 
The hypothesis is drawn based on the given 
objective:  
 
Ha: There is a significant relationship between 
students' perceptions of hands-on experiments 
and critical thinking skills in Chemistry. 

 
2. METHODOLOGY 

 
This chapter presents the method that was used 
in the study. It includes the research design, locale 
of the study, map of the locale, study respondents, 
sampling procedure, research instrument, 
administration of the instrument, scoring 
procedure, ethical considerations, data-gathering 
procedure, and statistical treatment. 

 
2.1. Research Design 

 
This study employed a descriptive-correlational 
quantitative research design to examine students’ 
perceptions of hands-on experiments and their 
relationship to students’ development of critical 

thinking skills in Chemistry. The descriptive 
component assessed students’ perceptions of 
hands-on laboratory experiments and their self-
assessed critical-thinking skills. The correlational 
component examined whether a significant 
relationship existed between students’ 
perceptions of hands-on experiments and their 
critical thinking skills. 
This design was held appropriate as it allowed the 
researchers to describe existing conditions and 
examine relationships among variables without 
manipulating them. Additionally, data were 
collected via structured survey questionnaires, 
and statistical analyses were conducted to assess 
the strength and significance of the relationship 
between students’ perceptions of hands-on 
experiments and their critical thinking skills. 
 

2.2 Locale of Study 
 
This study was conducted at Don Carlos 
Polytechnic College (DCPC), a local college 
operated by the Local Government Unit (LGU) of 
Don Carlos, Bukidnon. The institution is located at 
P-2, Población Norte, Don Carlos, Bukidnon, 
approximately 30 meters from the left side of the 
national highway when traveling south. DCPC was 
known for providing quality and accessible 
education that supports the academic and 
professional development of its students, 
particularly in the field of science. 
 
The college offered several undergraduate 
programs, including Bachelor of Elementary 
Education (BEED) with 2,333 students, Bachelor 
of Science in Criminology (BSCRIM) with 2,209 
students, Bachelor of Secondary Education (BSED) 
major in English with 169 students, BSED major in 
Filipino with 223 students, BSED major in 
Mathematics with 148 students, BSED major in 
science with 283 students, and Bachelor of Science 
in Information Systems Management (BSISM) 
with 93 students. In total, the institution had an 
enrolled student population of 5,458. 
 
Don Carlos Polytechnic College was selected as the 
research locale because it offered Chemistry-
related courses, particularly in the Bachelor of 
Secondary Education major in science program. 
The presence of students enrolled in science-
related programs made the institution an 
appropriate setting to examine the relationship 
between students' perceptions of hands-on 
experiments and their critical thinking skills in 
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Chemistry. Furthermore, the availability of 
laboratory facilities and a supportive academic 
environment enabled the researchers to collect 
relevant data effectively and to assess the study's 
feasibility. 
 

2.3 Respondents of the Study 
 
The respondents in this study were second-year 
and third-year BSED Science students who were 
officially enrolled in Chemistry during the 
Academic Year 2025–2026 at Don Carlos 
Polytechnic College. These respondents were 
chosen as they had sufficient background 
knowledge and prior exposure to Chemistry 
concepts and laboratory activities, particularly 
hands-on experiments, which were the central 
focus of the study. The student’s academic 
experiences in chemistry enabled them to 
meaningfully express their perceptions of hands-
on experimental activities and how these 
experiences contributed to the development
 of critical thinking skills. Additionally, 
respondents were considered appropriate 
participants because their academic records in 
Chemistry provided measurable data needed to 
examine the relationship between students’ 
perceptions of hands- 

on experiments and critical thinking skills in 
Chemistry. 

 
2.4 Sampling Procedure 

 
This study employed total enumeration sampling, 
also known as census sampling. In this method, all 
members of the identified population were 
included in the study. No sampling technique was 
used to select a subset of participants, as the 
population size was manageable and accessible to 
the researcher. It involved the entire population of 
one hundred and thirty - two (132) second-year 
and third-year students. Moreover, every eligible 
respondent was given an equal opportunity to 
participate. Thus, this approach minimized 
sampling bias and ensured comprehensive data 
collection from the whole population. 

 
2.5 Research Instrument 

 
The study utilized an adapted survey. This study 
examined students' perceptions of hands-on 
chemistry experiments and their influence on 
critical thinking skills using two adapted validated 
instruments: Snětinová et al.'s (2018) 23-item 

Hands-On Experiments scale and Kobylarek et al.'s 
(2022) 25-item Critical Thinking Questionnaire 
(CThQ). The adapted Hands-On Experiments 
instrument assessed engagement across five 
subscales—interest (4 items), perceived 
competence (4 items), effort (4 items), pressure (4 
items), and value (7 items). Meanwhile, the 
adapted CThQ measured Bloom's cognitive levels: 
remembering (3 items), understanding (4 items), 
applying (4 items), analyzing (4 items), evaluating 
(4 items), and creating (6 items). 
 
Both adapted instruments, originally 5-point 
scales, were modified to a 4-point forced-choice 
scale (1 = Strongly Disagree to 4 = Strongly Agree) 
in this study to eliminate neutral responses and 
reduce central tendency bias (Garland, 1991; 
Kulas et al., 2008). This format enhanced response 
discrimination and provided decisive data on 
chemistry-specific perceptions and critical 
thinking. 
 
The instruments were contextualized for 
chemistry education and were pilot tested with 
students in chemistry. The results showed 
acceptable internal consistency (Cronbach’s alpha 
= 0.705), confirming that these tools are reliable 
and suitable for assessing the influence of hands-
on experiments on critical thinking skills. 

  
2.6 Administration of Research Instrument 

 
The research questionnaire was an adapted 
survey instrument specially designed to align with 
the variables under investigation. The 
questionnaires served as a structured tool for data 
collection, ensuring that the gathered responses 
were relevant to the research objectives. The 
adaptation process involves carefully selecting 
and modifying existing validated questions or 
creating new items tailored to the study’s context. 
 
To ensure the questionnaire's accuracy, reliability, 
and validity, it underwent a validation process 
conducted by the research committee. This 
process included expert evaluation to assess the 
clarity, relevance, and coherence of each question, 
and to identify potential issues in comprehension 
or response interpretation. 
 
Once finalized and approved, the questionnaire 
was administered to the target respondents, who 
provided firsthand responses based on their 
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experiences, perspectives, or knowledge of the 
subject matter. 

  
2.7 Scoring Procedure 

 
To determine and analyze students’ perception of 
hands-on experiments towards critical thinking 
skills in Chemistry at Don Carlos Polytechnic 
College, the researcher provided a scoring 
procedure based on two major variables: (1) 
students’ perception of hands-on experiments and 
(2) critical thinking skills in Chemistry. 
 
For the Hands-on experiments, responses were 
obtained using a structured questionnaire 
developed by Marie Snětinová and colleagues in 
2018. The scores for each respondent were 
summed and divided by the total number of items 
to obtain the weighted mean. 
 
For the Perceived Critical Thinking Skills (CThQ) 
variable, a similar 4- point scale was used to 
measure students’ perceived ability to remember, 
understand, apply, analyze, evaluate, and create. 
The same numerical values and interpretation 
scale were applied to ensure consistency in 
scoring and comparison of responses. 

Below are the scoring scheme and the 
interpretation of mean scores: 

 
 Range Qualitative 

Description 
Qualitative 
Interpretation 

4 3.26 – 4.00 Strongly Agree Very Positive 
Perception 

3 2.51 – 3.25 Agree Positive Perception 
2 1.76 – 2.50 Disagree Negative Perception 
1 1.00 – 1.75 Strongly Disagree Very Negative 

Perception 

 
To determine the relationship between 

students’ perceptions of hands-on experiments 
and critical thinking skills in Chemistry, the 
computed mean scores were subjected to 
appropriate statistical analyses, such as the 
Pearson Product-Moment Correlation Coefficient, 
to assess whether a significant relationship 
existed between the two variables. 

  
2.8 Ethical Considerations 

 
During the study, ethical principles, including 
informed consent, confidentiality, voluntary 
participation, and non-maleficence, were strictly 
observed. Prior to survey administration, all 
respondents received a consent form detailing the 
purpose of research, objectives, procedures, 

risks/benefits, and data use for academic 
purposes only. The form explicitly stated that 
participation remained voluntary, with the right to 
withdraw at any time without academic or 
personal consequences. To uphold these 
standards, researchers ensured survey questions 
remained neutral, unbiased, and free from content 
likely to cause discomfort, distress, or coercion. All 
data were anonymized, stored securely, and 
accessible only to the research team, with 
destruction upon study completion. 

 
2.9 Data Gathering Procedure 

 
The researcher obtained approval from the Dean 
of Don Carlos Polytechnic College to conduct the 
study. Signed informed consent forms were 
distributed and collected from all participants to 
confirm voluntary participation and full 
awareness of the study purpose, procedures, and 
confidentiality measures. Subsequently, printed 
questionnaires, including the Hands-On 
Experiments and CThQ instruments, were 
distributed to the respondents, and assistance was 
provided for any questions during completion. 
Sufficient time was allotted for respondents to 
complete the questionnaire; the questionnaires 
were then collected and verified for completeness. 
Moreover, all data remained strictly confidential 
and were used solely for academic purposes. The 
data were organized and prepared for statistical 
analysis to examine the relationship between 
perceptions of hands- on experiments and critical 
thinking skills in Chemistry. The collected data 
were used to inform conclusions and 
recommendations. 

  
2.10 Statistical Treatment 

 
The data were grouped and categorized according 
to the study's problem statement. Descriptive and 
correlational statistical tools were used to analyze 
and interpret data collected from respondents. 
 
For Problem 1, the mean was used to describe the 
level of hands-on experiments among students in 
Chemistry in terms of interest, perceived 
competence, effort, felt pressure, and value. The 
mean indicated the overall level of each 
dimension. 
 
For Problem 2, the mean was used to describe 
students’ levels of critical thinking skills in 
Chemistry, including remembering, 
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understanding, applying, analyzing, evaluating, 
and creating. The mean indicated the overall level 
of each dimension. 
 
For Problem 3, Pearson's product–moment 
correlation (Pearson r) was used to determine 
whether there was a statistically significant 
relationship between students’ perceptions of 
hands-on experiments and their critical thinking 
skills in Chemistry. 

 
3. RESULTS AND DISCUSSIONS 

 
This section presents a comprehensive analysis of 
the findings from the collected data, which were 
meticulously examined and interpreted in 
alignment with the study's specific objectives. It 
provided an in-depth exploration of students’ 
perceptions of hands-on experiments and of their 
critical thinking skills in Chemistry. 

 
 
Hands-on experiments among students in 

Chemistry. 
 
The succeeding sections present the level of 
hands-on experiments among students in 
Chemistry in terms of interest, perceived 
competence, effort, felt pressure, and value. 
 
Interest 
 
Table 1 presents the hands-on experiments among 
students in Chemistry in terms of interest, with an 
overall mean score of 2.57 ("Agree") categorized 
as "Positive Perception." This score indicated that 
students held a positive view toward hands-on 
activities. This positive perception suggested that, 
while interest was evident, there remained 
opportunities to enhance engagement through 
targeted lab enhancements further. 

 
Table 1.  Hands-on experiments among Students in 
Chemistry in terms of interest. 

N0 Indicators Mean Qualitative 
Interpretation 

1  I enjoyed doing hands-on 
activities so much. 

3.34 Very Positive 
Perception 

2  While doing this activity, I 
thought about how much I 
enjoyed it. 

3.11 Positive 
Perception 

3  I thought hands-on activities 
were boring. 

2.08 Negative 
Perception  

4  Chemistry activities do not 
hold my attention at all. 

1.76 Very Negative 
Perception 

 OVERALL MEAN 2.57 Positive 
Perception 

Legend  

Scale  Descriptive Rating  Qualitative Interpretation 
3.26 – 4.00 Strongly Agree  Very Positive Perception 
2.51 – 3.25 Agree    Positive Perception 
1.76 – 2.50 Disagree   Negative Perception 
1.00 – 1.75 Strongly Disagree  Very Negative Perception 
1 

The indicator "I enjoyed doing hands-on 
activities so much" scored highest (M=3.34, 
Strongly Agree, Very Positive Perception), 
showing strong enthusiasm. "While doing this 
activity, I thought about how much I enjoyed it" 
followed (M=3.11, Agree, Positive Perception). 
Negative items indicated low disinterest: "hands-
on activities were boring" (M=2.08, Disagree) and 
"Chemistry activities do not hold my attention" 
(M=1.76, Disagree). Positive interest (overall 
mean 2.57, Agree) indicates that hands-on 
experiments sustain engagement and are essential 
for critical thinking. This supports experiential 
learning's motivational role, recommending 
reinforcement in BSED Science curricula. 

Muñoz-Losa and Corbacho-Cuello (2025) 
found that interactive science workshops 
significantly boosted primary pupils' joy, 
enthusiasm, and appreciation for experiments, 
laying the foundation for sustained engagement. 
This aligns with Dapitan and Nama (2025), who 
showed augmented reality biology lessons in 
Philippine public schools increased excitement 
and participation, extending workshop benefits 
through technology-enhanced hands-on 
interaction to foster lasting subject interest. 
Building on this, Lobo (2025) demonstrated in 
Philippine physical education that instant 
enjoyment from moderately challenging 
experiential activities predicts deeper 
engagement, connecting prior enthusiasm to long-
term motivation relevant to chemistry labs. 

 
Perceived Competence 
 
Table 2 shows that students in chemistry' 
perceptions of hands-on experiments in terms of 
perceived competence, with an overall mean of 
2.92, rated "Agree" and "Positive Perception," 
indicating strong self-belief in their lab abilities. 
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Table 2. Hands-on experiments among students in 
chemistry and perceived competence 

The positive overall mean indicates that hands-on 
experiments boost students' perceived 
competence and self-efficacy in chemistry labs, 
aligning with research on inquiry-based activities 
that improve performance and persistence. This 
fosters critical thinking and better science 
outcomes. In Philippine BSED contexts, it supports 
more experiential learning for skill confidence. 
 
Agustian et al. (2022) reviewed 355 chemistry lab 
studies and confirmed that laboratory instruction 
develops experimental skills, higher- order 
thinking, and confidence, while Easton (2025) 
demonstrated 21-31% gains in technical 
confidence through authentic lab manuals—
mirroring how practical chemistry tasks build self-
belief, an essential ingredient for critical thinking. 
This competence perception aligns with the 
study's broader framework, in which O’Brien et al. 
(2021) and Habib et al. (2021) demonstrated that 
real-world projects across engineering and 
mechatronics foster workplace-ready skills, 
reinforcing the role of hands-on experiments in 
bridging theory to practice for future science 
educators. Long-term experiential programs 
further solidify these gains by linking competence 
to 21st-century skills such as problem-solving, 
which are critical to chemistry achievement. 
Semilarski et al. (2021) found that real-life science 
connections boost confidence, while Carvalhais et 
al. (2021) demonstrated that strong self- belief 
predicts superior skill application, aligning with 
your research's emphasis on how perceived 
competence from hands-on activities contributes 
to the development of critical thinking and 
academic success in Philippine BSED chemistry 
curricula. 
 
 
 

Effort 
      Table 3 illustrates chemistry 
students’ perceptions of hands-on experiments 
regarding effort, yielding an overall mean of 3.18, 
rated "Agree" and "Positive Perception," 
indicating a strong willingness to invest effort in 
lab tasks. The top mean was "I put a lot of effort 
into experiments" (M=3.26, Strongly Agree/Very 
Positive), showing strong commitment. Reversed 
items confirmed this: "I did not try my best to do 
well in lab activities" (M=3.22, Agree/Positive) 
and "I did not put much energy into chemistry 
activities" (M=3.15, Agree/Positive). "I tried very 
hard in chemistry activities" scored M=3.08 
(Agree/Positive), supporting overall positive 
effort. 
 
Table 3. Hands-on experiments among Students in 
Chemistry in terms of effort 

 
The overall positive mean shows hands-on 
experiments drive substantial student effort, 
aligning with studies linking lab work to boosted 
motivation, persistence, and science engagement. 
Positive effort predicts better chemistry 
achievement and curiosity by making learning 
concrete. The Philippine BSED Science curricula 
support inquiry-based labs to sustain effort for 
critical thinking and skill mastery. 
 
Hands-on learning formats, such as chemistry 
experiments, boost student effort by enhancing 
motivation and perceived task value compared to 
traditional lectures. Wijnia et al. (2024) 
demonstrated that problem-, project-, and case-
based approaches yield small to moderate gains in 
interest and importance, while Li and Liang 
(2024) found virtual labs in engineering elicit 
strong engagement when meaningfully designed, 
encouraging sustained energy investment. 
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This effort connects to supported, relevant 
activities that counter perceived costs, as Alemneh 
et al. (2025) showed: biology labs combining 
structured experiments with case-based problems 
increased participation, even among low 
achievers. Though Kim et al. (2021) noted 
effort/stress costs reduce physics persistence and 
de la Fuente et al. (2025) linked demanding tasks 
to lower satisfaction, Umar and Ko (2022) found 
teamwork in project- based e-learning mitigates 
workload burdens—affirming well-designed 
hands- on chemistry labs foster persistent 
engagement essential for critical thinking 
development in BSED Science curricula. 
 
Felt Pressure 
 
Table 4 depicts students in chemistry' perceptions 
of hands-on experiments regarding felt pressure, 
with an overall mean of 2.56, rated "Agree" and 
"Positive Perception," suggesting notable tension 
during lab activities. 
 
Table 4. Hands-on experiments among Students in 
Chemistry in terms of felt pressure 
 

 
 
 
 
 

 
 
 
The highest mean was "I feel pressured 

while doing experiments" (M=2.62, 
Agree/Positive), followed by "I feel very tense 
while performing lab activities" (M=2.56, 
Agree/Positive). Reversed items showed low 
relaxation: "I am very relaxed while conducting 
chemistry activities" (M=2.54, Agree/Positive) 
and "I am not nervous performing lab activities at 
all" (M=2.53, Agree/Positive), confirming elevated 
pressure overall. 
 
The overall mean indicates positive pressure in 
chemistry labs, driven by safety, time constraints, 
and unfamiliarity. While positive pressure aids 
focus, excess anxiety impairs performance and 
thinking (per lab self-efficacy studies). For BSED 
curricula, recommend pre-lab prep and peer 
support to reduce tension and enhance outcomes. 
 
Kácovský et al. (2023) found that while intrinsic 
motivation in physics labs stems from usefulness 

and effort, pressure has only a small negative 
effect, with girls experiencing higher stress than 
boys—highlighting the need for gender-sensitive, 
enjoyable designs to maintain engagement. This 
pressure perception connects to psychophysical 
factors in lab setups, where faster or uneven 
stimuli amplify discomfort even at low forces 
(Weda et al., 2023; Henell et al., 2024). Average, 
evenly distributed pressure from comfortable 
equipment reduces tension and activates pleasant 
brain responses (He et al., 2024; Sasaki et al., 
2025), while excessive tightness increases stress 
(Naugle et al., 2021). Philippine studies reinforce 
that well- guided inquiry activities lower anxiety 
(Ditingki et al., 2025), supporting optimized lab 
designs to minimize felt pressure and enhance 
critical thinking in chemistry education. 

 
Value 
 
Table 5 summarizes students in chemistry' 
perceptions of hands-on experiments in terms of 
value, achieving an overall mean of 3.21, rated as 
"Agree" and "Positive Perception," affirming 
strong recognition of labs' educational benefits. 
The positive indicators dominated: "Chemistry 
activities are important" topped at M=3.60 
(Strongly Agree/Very Positive), followed by 
"Hands-on activities increase my interest in 
chemistry" (M=3.52), "Chemistry labs develop my 
critical thinking skills" (M=3.46), "Doing 
chemistry activities helps me understand concepts 
more deeply" and "Chemistry experiments 
improve my academic achievement" (both 
M=3.43), and "I am willing to do chemistry hands-
on activities again" (M=3.37; all Very Positive). 
Reversed "Chemistry experiments are useless for 
me at school" was M=1.65 (Strongly 
Disagree/Very Negative), reinforcing positive 
perceived value. 
 
Table 5. Hands-on experiments among Students in 
Chemistry in terms of value 
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The overall positive mean shows students highly 
value hands-on chemistry experiments for deeper 
understanding, increased interest, critical 
thinking, and achievement. These drives repeat 
engagement and align with research linking labs 
to real-world applications for future educators. In 
the Philippine BSED, it supports inquiry-based 
science teaching goals. Students perceive hands-
on chemistry experiments as highly valuable for 
conceptual understanding, skill development, and 
career preparation. Holik et al. (2021) found that 
over 88% of dietetics students agreed that 
experiential activities enhanced subject 
comprehension and real-world application, while 
Pati et al. (2021) reported that medical students 
valued BLS workshops for building practical 
confidence—directly paralleling the role of 
chemistry labs in deepening theory and critical 
thinking. 
 
This value extends to broader competencies, 
though design matters. Habib et al. (2021) and 
Novani & Arief (2021) confirmed that hands-on 
tasks in engineering and signals courses foster 
creativity and technical skills, and Alali (2024) 
showed that PoPBL STEM programs boost 21st-
century abilities such as problem-solving. 
Challenges such as resource limits (Simamora et 
al., 2025) and performance gaps (Pati et al., 2021) 
underscore the need for structured support to 
ensure that perceived usefulness translates into 
outcomes in BSED chemistry curricula. 
 
Summary of Hands-on Experiments 
 
Table 6 provides a comprehensive summary of 
students in chemistry' perceptions across five 
dimensions of hands-on experiments, yielding an 
overall mean of 2.89 rated as "Agree" and 
"Positive Perception." Value-led with the highest 
mean (3.21; "Agree," "Positive Perception"), 
followed closely by Effort (3.18), indicating strong 
appreciation and investment. Perceived 
Competence (2.92) and Interest (2.57) maintained 
Positive perceptions, while Felt Pressure (2.56) 
showed the lowest but still notable agreement. All 
dimensions consistently fell within the "Positive 
Perception" range, reflecting uniformly positive 
engagement. 
 
Table 6. Summary of mean scores of Hands-on 
experiments among Students in chemistry 

 
 
The overall mean shows hands-on chemistry 

labs drive robust engagement in BSED Science 
students, with positive value and effort 
outweighing moderate pressure. This fits the 
intrinsic motivation theory, sustaining interest, 
competence, and critical thinking. Findings 
support prioritizing supported labs in Philippine 
science curricula for optimal outcomes. Hands-on 
chemistry experiments foster multidimensional 
engagement, enhancing process skills, motivation, 
and conceptual understanding, surpassing those 
of lectures. Sahar et al. (2025) and Idris et al. 
(2022) confirm that these activities build 
observing, measuring, and data interpretation 
abilities while boosting collaboration, with 
"hands-on + minds-on" approaches yielding 
deeper learning (Oliveira & Bonito, 2023). 

Hybrid real-virtual labs and guided inquiry 
amplify benefits, as Wörner et al. (2022) found 
that combined methods outperform single 
methods, and Gericke et al. (2022) stressed the 
importance of goal-aligned tasks for scientific 
practice. In the Philippines, teachers value active 
learning (Ligado et al., 2022), though resource 
gaps limit access (Pacadaljen, 2024); well- 
planned designs with ICT overcome challenges 
(Idris et al., 2022), supporting positive overall 
perceptions and critical thinking in BSED 
curricula. 
 

Critical Thinking Skills of Students 
 
The following sections present the level of 

students' Critical Thinking Skills across 
remembering, understanding, applying, analyzing, 
evaluating, and creating. 
 
Remembering 

 
Table 7 outlines students' perceived critical 

thinking skills in chemistry in the remembering 
dimension, with an overall mean of 2.92, rated as 
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"Agree" and "Positive Perception." "If needed, I 
can recall information from chemistry readings" 
scored highest (M=2.95, "Agree," "Positive 
Perception"), closely followed by "After the 
activity, I can repeat important concepts from 
chemistry texts" (M=2.94, "Agree," "Positive 
Perception"). The reversed item "I do not 
remember much from chemistry learning at 
school" also aligned (M=2.87, "Agree," "Positive 
Perception"), indicating consistent positive recall 
ability across contexts. 
 
Table 7. Critical Thinking Skills of students in terms 
of remembering. 

 
The overall positive mean indicates strong 

perceived remembering skills in chemistry, 
enhanced by hands-on activities that boost 
retention via active engagement. Mnemonics and 
experiential learning aid recall of abstract 
concepts for deeper analysis. In BSED curricula, 
labs build memory as a foundation for higher-
order skills, such as evaluation. 

Remembering foundational chemistry 
knowledge forms the essential base for critical 
thinking skills, enabling analysis and problem-
solving. Porteria and Gaza (2025), Dwiprabowo et 
al. (2024), and Li et al. (2024) position recall as a 
prerequisite for higher reasoning, providing the 
facts needed for evaluation. 

However, rote memorization alone limits 
deeper cognition, as Syed and Faruk (2020) and 
Sarwanto et al. (2021) note that students often 
recall accurately but falter in application or 
justification. Overreliance reduces motivation for 
complex tasks (Hassan et al., 2025; van Peppen et 
al., 2021), underscoring the need to integrate 
active strategies such as dialogue and 
collaboration (Abrami et al., 2015; Warsah et al., 
2021) to elevate remembering into robust critical 
thinking in chemistry education. 

 

Understanding 
 
Table 8 captures students in chemistry' perceived 
critical thinking skills in the understanding 
dimension, with an overall mean of 2.72, rated 
"Agree" and "Positive Perception." The highest 
was "I like comparing different chemistry theories 
and opinions" (M=2.89, Agree/Positive), followed 
by "I can understand chemistry texts from various 
topics" (M=2.83, Agree/Positive) and "I notice 
contexts, nuances, and implications in chemistry 
statements" (M=2.74, Agree/Positive). Reversed "I 
have difficulties paraphrasing chemistry 
concepts" scored M=2.40 (Agree/Positive), 
affirming comprehension. 

The overall mean reflects solid perceived 
understanding skills vital for critical thinking, 
enhanced by hands-on activities that contextualize 
abstract concepts. Comparing theories and 
grasping nuances enables deeper inference, 
aligning with metacognitive gains in STEM labs. 
For BSED chemistry, this supports inquiry-based 
labs to advance from recall to analytical 
proficiency. 
 
Table 8. Critical Thinking Skills of students in terms 
of understanding 

 
Understanding chemistry requires critical 

thinking that goes beyond rote recall, and this 
critical thinking strongly correlates with higher 
reasoning abilities. Rismanto & Hayat (2025) and 
Toh et al. (2025) confirm conceptual grasp 
enhances performance, though misconceptions 
and rote habits impede progress (Sarwanto et al., 
2021). 

This foundation enables application through 
logical problem-solving in real contexts, as Song et 
al. (2024) note gaps in workplace transfer that 
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require active strategies such as inquiry tasks 
(Jamil et al., 2024). Challenges like insufficient 
practice persist (Hidayah et al., 2017), but 
integrated reflective methods (Naveed et al., 2025; 
Hlavatska, 2025) bridge to metacognitive 
flexibility, fostering adaptive critical thinking in 
hands-on chemistry education. 
 
Applying 
 
Table 9 evaluates students in chemistry' perceived 
critical thinking skills in the applying dimension, 
recording an overall mean of 3.09, rated as 
"Agree" and "Positive Perception." Highest was "I 
am willing to share newly learned chemistry 
information" (M=3.25, Agree/Positive), followed 
by "I apply chemistry information I learned in 
everyday life" (M=3.11, Agree/Positive). "When 
discussing chemistry, I give many practical 
examples" and "In discussions, I use lab examples 
to justify my chemistry views" both scored M=3.01 
(Agree/Positive), showing strong application. 
 
Table 9. Critical Thinking Skills of students in terms 
of applying 

 
The overall mean indicates a strong perceived 

ability to apply chemistry knowledge practically, a 
key critical thinking facet amplified by hands-on 
labs that contextualize concepts for real-life use. 
Sharing examples and justifications reflects 
transfer skills vital for discussions and problem- 
solving. In BSED programs, this supports 
experiential learning to cultivate application 
proficiency for teaching effectiveness. 
Applying critical thinking in chemistry entails 
logical, reflective use of knowledge for real-world 
decisions and problem-solving. Song et al. (2024) 
highlight workplace transfer gaps that targeted 

training can bridge, while Jamil et al. (2024) and 
Sharma et al. (2022) advocate inquiry-based tasks 
and reflective questioning to foster practical 
application. 

Challenges like theoretical overemphasis 
weaken skills (Hidayah et al., 2017), compounded 
by neglected metacognition and emotions 
(Pandey, 2025). Diverse strategies—such as 
forecasting and mind mapping (Hlavatska, 
2025)—and real-life scenarios (Dwyer et al., 2014; 
Mei Lin et al., 2023) enhance flexibility, supporting 
hands-on chemistry and cultivating adaptive 
application in BSED education. 
 
Analyzing 
 
Table 10 assesses students in chemistry' 
perceived critical thinking skills in the analyzing 
dimension, with an overall mean of 2.92 rated as 
"Agree" and "Positive Perception." Reversed "In-
depth analysis of chemistry phenomena is a waste 
of time" topped at M=3.02 (Agree/Positive), 
implying high analysis value. "I can identify the 
most relevant parts of chemistry texts" and "When 
reading chemistry texts, I connect them to other 
readings" tied at M=2.92 (Agree/Positive). "I enjoy 
finding connections between different chemistry 
concepts" scored M=2.82 (Agree/Positive), 
confirming analytical proficiency. 

 
Table 10. Critical Thinking Skills of students in 
terms of analyzing 

 
The overall mean demonstrates robust 

analytical skills, as students discern relevance and 
forge conceptual links crucial for critical thinking 
in chemistry. Hands-on labs promote this by 
requiring data breakdown and pattern 
recognition. In BSED training, nurturing analysis 
through inquiry tasks equips future teachers to 
foster student reasoning. 
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Analyzing in chemistry involves critical 
thinking: deconstructing information, identifying 
relationships, and evaluating evidence to reach 
logical conclusions. Hidayah et al. (2017) position 
it as central to decision-making, requiring 
discernment of relevance and systematic 
questioning. 

However, weak analytical skills persist due to 
rote focus, misconceptions, and limited practice 
(Sarwanto et al., 2021; Prabayanti et al., 2025), 
with prospective teachers often underdeveloped 
(Fitriani et al., 2019; Basri et al., 2019). Active 
learning and contextual problems build flexibility 
(Scobioala et al., 2025), though metacognitive and 
emotional factors must be integrated to overcome 
performance gaps (Sharma et al., 2022; Susilawati 
et al., 2020), thereby enhancing hands-on analysis 
in BSED curricula. 
 
Evaluating 
 
Table 11 presents students in chemistry' 
perceived critical thinking skills in the evaluating 
dimension, with an overall mean of 3.12 rated as 
"Agree" and "Positive Perception."  
 
Table 11. Critical Thinking Skills of students in 
terms of evaluating. 

 
"After reading chemistry info, I verify 

important facts even if they seem true" scored 
highest (M=3.16, "Agree," "Positive Perception"), 
followed closely by "To evaluate chemistry 
information, I consult multiple sources" (M=3.15, 
"Agree," "Positive Perception"). "When interested 
in chemistry info, I check its accuracy" earned 
M=3.12 ("Agree," "Positive Perception"). In 
contrast, "In chemistry discussions, I justify my 
views while understanding others" was M=3.06 
("Agree," "Positive Perception"), showing 
consistent evaluative habits. 

The overall positive mean indicates strong 
perceived evaluative skills for discerning credible 
chemistry information and balanced discourse. 
Hands-on labs build this via data scrutiny and 
debate, linking to prior value (M=3.21) and 
applying (M=3.09) means. In BSED, educators are 
prepared for evidence- based teaching through 
verification and multi-perspective analysis. 

Evaluating in chemistry requires critical 
thinking: judging evidence, verifying facts, and 
balancing perspectives to reach sound 
conclusions. Song et al. (2024) link weak 
evaluative skills to workplace gaps and advocate 
integrated training, while Rodríguez-Rojas et al. 
(2024) and Sarwanto et al. (2020) provide scales 
to assess judgment abilities. 

However, students often underperform here, 
especially juniors (Basri et al., 2019; Masithoh et 
al., 2025), due to shortcomings in the curriculum 
(Cole, 2023; Sharma et al., 2022). Multi-source 
comparisons elicit deeper reasoning (Heim et al., 
2022), and sustained interventions yield gains 
(Abrami et al., 2015), supporting hands-on 
verification practices in BSED chemistry to 
enhance transferable evaluation skills. 

 
Creating 
 
Table 12 gauges students in chemistry' perceived 
critical thinking skills in the creating dimension, 
attaining an overall mean of 3.22, rated as "Agree" 
and "Positive Perception." 
 
Table 12. Critical Thinking Skills of students in 
terms of creating 

 
The top was "Chemistry hands-on activities 

help me create completely new ideas and 
solutions" (M=3.36, Strongly Agree/ Very 
Positive), followed by "Chemistry concepts can be 
expressed in many creative ways" (M=3.34, 
Strongly Agree/Very Positive). Others: "I like 
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discussing new terminologies in Chemistry to 
enhance learning" (M=3.22), "I like combining 
information from different chemistry sources" 
(M=3.21), "I form chemistry impressions by 
combining various information sources" (M=3.19), 
and "I can restructure chemistry texts and see 
their underlying patterns" (M=2.99; all 
Agree/Positive), showing strong synthesis. 
 
The overall mean highlights exceptional perceived 
creating skills, where hands-on labs spark 
innovation, recombination, and novel solutions— 
crowning Bloom's taxonomy. This creativity 
thrives in project-based STEM, boosting 21st-
century competencies like problem-solving. For 
BSED chemistry, it validates experiential methods 
to nurture generative thinkers and future science 
educators. 
 
Creating critical thinking by synthesizing 
knowledge into novel chemistry ideas and 
solutions. Misechko and Lytniova (2022) link it to 
regulated critical processes for realistic 
innovation, while Tang et al. (2020) show 
collaborative jams boost creativity via teamwork 
and perspective- sharing. 
 
Structured interventions such as 21st-century 
curricula (Dilekçi & Karatay, 2023) and problem-
based learning (Birgili, 2015) enhance outputs 
despite implementation challenges. Low creativity 
stems from guidance gaps (Rosba et al., 2021; 
Kupas Seni, 2025), with socio-environmental 
factors influencing equity (Shubina & Kulakli, 
2019). This suggests the need for hands-on, 
collaborative BSED strategies to develop 
generative skills. 
 
Summary of Critical Thinking Skills 
 
Table 13 summarizes students in chemistry' 
perceived critical thinking skills across six 
Bloom's dimensions, with an overall mean of 3.00, 
rated "Agree" and "Positive Perception." Creating 
topped the hierarchy (3.22, "Agree," "Positive 
Perception"), followed by Evaluating (3.12) and 
Applying (3.10), all positive. Lower levels showed 
Remembering and Analyzing tied at 2.92 ("Agree," 
"Positive Perception"), and Understanding at 2.72 
("Agree," "Positive Perception"). Uniform positive 
perceptions indicate balanced proficiency from 
foundational recall to innovative synthesis. 
The overall mean affirms robust critical thinking 
perceptions, strongest at higher-order 

creating/evaluating and solid across lower-order 
skills, enhanced by hands-on labs that mirror real 
inquiry. This profile supports the efficacy of 
hands-on experiments in building a 
comprehensive cognitive toolkit for BSED Science 
students, aligning with global emphasis on 21st-
century competencies. 
 
Table 13. Summary on Critical Thinking Skills of 
students 

 
 
Critical thinking skills encompass systematic, 

logical reasoning for problem-solving and 
innovation, vital for BSED Science students' 
chemistry success. Alsaleh (2020) and Asraf R. M. 
et al. (2022) position it as a core goal of higher 
education, enabling graduates to tackle real-world 
challenges creatively. 
 
Hands-on experiments operationalize this through 
deep learning and collaboration (Nor & Sihes, 
2021; Orhan, 2022), though unclear guidance 
limits gains (Sierra et al., 2021; OECD, 2023). 
Constructivist environments that foster analysis, 
synthesis, and evaluation foster workplace 
readiness (Uzumcu & Bay, 2020; Goodsett, 2020; 
Varenina et al., 2021), mirroring your balanced 
positive perceptions across Bloom's levels of 
academic achievement at Don Carlos Polytechnic 
College. 
 

Correlation of Perceived Hands-on 
experiment and Critical thinking skills of 

Students 
 
Table 14 reveals a moderate positive correlation 
(r = .516, p = .001) between perceived hands-on 
experiments and critical thinking skills among 
students in chemistry. 
 
The correlation coefficient (.516) indicates 
moderate strength, while the p-value (.001) falls 
well below the 0.05 significance threshold, 
confirming the alternative hypothesis: "There is a 
significant relationship between students' 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           28 
 

perceptions of hands-on experiments and critical 
thinking skills in Chemistry” is accepted. 
Table 14. Correlation between the dependent and 
independent variables 

 
The correlation coefficient (.516) indicates 

moderate strength, while the p-value (.001) falls 
well below the 0.05 significance threshold, 
confirming the alternative hypothesis: "There is a 
significant relationship between students' 
perceptions of hands-on experiments and critical 
thinking skills in Chemistry“ is accepted. 

This significant moderate correlation 
validates hands-on chemistry labs as catalysts for 
the development of critical thinking among BSED 
Science students, where positive perceptions of 
experiments enhance higher-order skills essential 
for academic achievement and future teaching 
efficacy at Don Carlos Polytechnic College. 

Hands-on chemistry experiments 
significantly enhance critical thinking skills 
through active inquiry and reflection, thereby 
directly supporting the study's moderate positive 
effect. Qi (2024) establishes critical thinking as 
analytical interpretation beyond memorization, 
while Seery et al. (2024) demonstrate that hands-
on procedures foster problem-solving by 
requiring outcome analysis. Similarly, Zhou et al. 
(2013) found that task-based learning improved 
analyticity, and Dulanlebit et al. (2023) reported 
that project-based practicums boosted critical 
thinking scores via investigational tasks. Musahal 
et al. (2024) further confirm that STEM-PjBL 
strengthens reasoning through real-world 
problem formulation. 

These gains align with structured design 
needs, as Van Brederode et al. (2020) showed that 
inquiry-based pre-labs with student autonomy 
yield deeper analytical reasoning than cookbook 
methods. Rushiana et al. (2023) 
reinforce project-based models as optimal when 
contextualized, though Irwanto (2023) notes 
collaborative inquiry outperforms expository 
teaching for preservice teachers, aligning with 
BSED contexts. 
However, implementation barriers temper 
effectiveness, as the OECD (2023) cautions that 
routine labs without reflection fail to develop 

reasoning, echoing Unwakoly et al. (2024) on 
cookbook formats that limit autonomy. Resource 
constraints in rural settings, such as Don Carlos 
Polytechnic College, exacerbate this (Muhamad 
Dah et al., 2024). However, the significant 
correlation suggests that perceived hands-on 
value helps overcome these gaps, affirming 
experiential learning's role despite challenges. 
 

4.ACKNOWLEDGEMENT 
 
The researchers foremost express their deepest 
gratitude to the Lord God Almighty for His 
unwavering guidance, strength, and blessings 
throughout the entire research journey. Without 
divine inspiration and protection, the successful 
completion of this study would not have been 
possible. 

The researchers extend special thanks to 
their research adviser, Reyzamae D. Sagandilan, 
MS, whose expertise, patience, and constructive 
feedback greatly contributed to shaping and 
improving the quality of this research. 
Sincere appreciation is also given to the 
panelists—Rubylen D. Granaderos, PhD, Leah Mae 
P. Jadraque, MS, and Ariel M. Berico, MS Math— 
for their insightful critiques, valuable suggestions, 
and encouragement, all of which significantly 
enhanced the rigor and depth of the study. 

The researchers likewise convey heartfelt 
gratitude to their parents for their unconditional 
love, sacrifices, and continuous motivation, which 
sustained the researchers through challenges and 
academic demands. 
The researchers extend their sincere thanks to the 
respondents—the 2nd and 3rd year BSED Science 
students—for their valuable time, honest 
responses, and wholehearted cooperation, which 
served as the foundation of this research. 
 

REFERENCES 
 

[1]. Abrami, P., Bernard, R. M., Borokhovski, E. 
F., Waddington, D. I., Wade, C., & Persson, 
T. J. (2015). Strategies for teaching 
students to think critically: A meta-
analysis review of educational research. 
Review of Educational Research, 85(2), 
275–314. 
https://doi.org/10.3102/0034654314551
063 

[2]. Agustian, H. Y., Finne, L. T., Jørgensen, J. T. 
J., Pedersen, M. I., Christiansen, F., 
Gammelgaard, B., & Nielsen, J (2022). 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           29 
 

Learning outcomes of university chemistry 
teaching in laboratories: A systematic 
review of empirical literature. Review of 
Education, 10(3), e3383. 
https://doi.org/10.1002/rev3.3383 

[3]. Alali, R. (2024). Enhancing 21st century 
skills through integrated STEM education 
using project-oriented problem-based 
learning. GeoJournal of   Tourism and   
Geosites, 52(2), 649–658. 
https://doi.org/10.30892/gtg.52220-
1356 

[4]. Alemneh, C., Munye, T., Mohammed, N., 
Shasho, G., Gizaw, E., & Siraj, Z. (2025). 
Improving students’ engagement level in 
laboratory activities: A case study of 
second-year Biology students in the 2025 
E.C academic year. Science Journal of 
Education. 

[5]. Alsaleh, N. J. (2020). Teaching Critical 
thinking Skills: literature review. The 
Turkish Online Journal of Educational 
Technology, 19, 21–39. 
http://files.eric.ed.gov/fulltext/EJ123994
5.pdf 

[6]. Ananda, L. R., Rahmawati, Y., & Khairi, F. 
(2023). Critical thinking skills of Students 
in Chemistry by integrating design 
thinking with STEAM-PjBL. Journal of 
Technology and Science Education, 13(1), 
352. https://doi.org/10.3926/jotse.1938 

[7]. Andrin, A. R., & Adlaon, M. S. (2025). A 
literature review of action research trends 
and innovations for teaching physics in the 
Philippines. Acta Pedagogia Asiana. 

[8]. Apsara, A., & Widodo, A. (2022). Analysis 
of implementation of STEAM- oriented 
science teaching modules and profiles of 
critical thinking skills. Jurnal Pendidikan 
Sains Indonesia, 10(3), 789–804. (STEM 
inquiry focus.) 

[9]. Asmi, A., Silaban, S., & Silaban, R. (2024). 
Developing an interactive chemistry e- 
module based on problem- based learning 
to improve critical thinking skills of high 
school students. Jurnal Paedagogy, 11(1), 
94–101. 
https://doi.org/10.33394/jp.v11i1.9875 

[10]. Asraf, R. M., Hanafi, N. H., Supian, N., 
Yaacob, A., & Suryani, I. (2022). Teachers’ 
Perceived Knowledge in Developing 
Critical Thinking in the Literature 
Classroom. International Journal of 
Academic Research in 

 
 

[11]. Business and Social Sciences, 13. 
https://doi.org/10.6007/ijarbss/v13- 
i1/16270. 

[12]. Basri, H., Purwanto, P., As’ari, A. R., & 
Sisworo, S. (2019). Investigating critical 
thinking skill of junior high school in 
solving mathematical problem. 
International Journal of Instruction, 12(3), 
745–758. 
https://doi.org/10.29333/iji.2019.12345a 

[13]. Bazie, H., Lemma, B., Workneh, A., & 
Estifanos, A. (2024). The effect of virtual 
laboratories on the academic achievement 
of undergraduate students in chemistry: 
Quasi- experimental study. JMIR 
Formative Research. 
https://doi.org/10.2196/64476 

[14]. Behbahanabadi, M., Saemi, E., Doustan, 
M., Simpson, T., & Deshayes, M. (2025). 
Does enhanced expectancy mitigate the 
negative impact of gender stereotype 
threat on women’s motor learning, 
perceived competence and self-efficacy? 
BMC Psychology, 13, Article 215. 

[15]. Birgili B. (2015). Creative and critical 
thinking skills in problem-based learning 
environments. Journal of Gifted Education 
and Creativity, 2(2), 71. 
https://doi.org/10.18200/jgedc.2015214
253 

[16]. Carvalhais, C. K. de A., Silva, S. L., Tani, G., 
& Corrêa, U. (2021). The effects of 
perceived competence and self-controlled 
goal setting on motor learning. Human 
Movement, 22(2), 61–69. 

[17]. Casinillo, L. F., Galenzoga, R. S., & Raagas, 
D. L. (2020). Evaluating mathematics 
learning experience of Grade 7 students of 
Bato School of Fisheries. IJIET 
(International Journal of Indonesian 
Education and Teaching), 4(2), 273– 284. 
https://doi.org/10.24071/ijiet.2020.0402
20 

[18]. Cena, J. F., Diez, M. B., Flores, M. R., 
Noquiao, H. P. P., & Quinco-Cadosales, 

[19]. M. N. (2025). Interactive self-learning 
modules (ISLMs) in sustaining student 
engagement and learning outcomes: A 
meta-synthesis. International Journal of 
Advanced Multidisciplinary Research and 
Studies. 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           30 
 

[20]. Chen, C.-H., Hung, H.-T., & Yeh, H.-C. 
(2021). Virtual reality in problem-based 
learning contexts: Effects on problem-
solving performance, vocabulary 
acquisition and motivation of English 
language learners. Journal of Computer
 Assisted Learning, 37(3), 597–
611. https://doi.org/10.1111/jcal.12508 

[21]. Chi, M. C., Zheng, C., & Peng, H. (2024). 
Assessing high school students’ chemical 
thinking using an essential questions- 
perspective framework. Chemistry 
Education Research and Practice, 25(6), 
1143–1158. 
https://doi.org/10.1039/D4RP00106K 

[22]. City as Classroom. (2025). The city as the 
classroom: The case of “Start ‘em Young 
Advocacy” at Silliman University, 
Philippines. CSID Journal of Infrastructure 
Development. 

 
 

[23]. Cole, M. J. (2023). Evaluative thinking. 
Evaluation Journal of Australasia, 23(2), 
70–90. 
https://doi.org/10.1177/1035719x23116
3932 

[24]. Damnjanović J., Cvjetićanin S., Maričić M., 
Obadović M. (2024). “Hands-On” 
experiments in STEAM Education
 Strategy.. 
https://doi.ub.kg.ac.rs/doi/zbornici/stea
m-x24-197d/ 

[25]. Dapitan, D. A., & Nama, V. M. (2025). 
Integrating augmented reality in biology 
education: Implications for student 
academic performance. International 
Journal of Multidisciplinary Research in 
Arts, Science and Technology. 

[26]. David, L., & Weinstein, N. (2023). Using 
technology to make learning fun: 
Technology use is best made fun and 
challenging to optimize intrinsic 
motivation and engagement. European 
Journal of Psychology of Education. 

[27]. De la Fuente, J., Pachón-Basallo, M., 
Martínez-Vicente, J. M., Peralta Sánchez, F. 
J., López-Andrés, M. P., & García-
Torrecillas, J. M. (2025). Evaluation of 
competence achievement and student 
satisfaction in university teaching and 
learning process. Electronic Journal of 
Research in Educational Psychology, 
23(1), 45–67. 

[28]. Dilekçi, A., & Karatay, H. (2023). The 
effects of the 21st century skills 
curriculum on the development of 
students’ creative thinking skills. Thinking    
Skills    and    Creativity,    47, 101229. 

[29]. https://doi.org/10.1016/j.tsc.2022.1012
29 

[30]. Ditingki, A. M., Cimene, F. T. A., & Cimene, 
D. R. A. (2025). Inquiry-based learning 
strategies and critical thinking skills of 
college students. Cognizance Journal of 
Multidisciplinary Studies, 5(8), 637–650. 
https://doi.org/10.47760/cognizance 
2025.v05i08.028 

[31]. Doño, M., & Mangila, B. (2021). 
Mathematics teacher’s engagement and 
students’ motivation to learn mathematics. 
Infinity Journal. 

[32]. Duit, R., & Treagust, D. F. (2003). 
Conceptual change: A powerful framework 
for improving science teaching and 
learning. International Journal of Science
 Education, 25(6), 671–688. 
https://www.tandfonline.com/doi/abs/1
0.1080/09500690305016 

[33]. Dulanlebit, Y. H., Hernani, H., Liliasari, L., 
& Amran, M. B. (2023). Enhancing critical 
thinking skills through project- based 
chemistry practicum using seaweed 
hydrogel design. Tadris: Jurnal Keguruan 
dan Ilmu Tarbiyah, 

[34]. 9(2). 
https://doi.org/10.24042/tadris.v9i2.248
47 

[35]. Durant, M. A. (2021). Innovative 
activities with edible creations to enhance 
interdisciplinary health profession 
students’ levels of perceived self- efficacy 
and cultural competence: An experimental 
study. Nurse Education Today, 106,
 105052. 

[36]. https://doi.org/10.1016/j.nedt.2021.10
5052 

 
 

[37]. Dwyer, C.P., Hogan, M., & Stewart I. 
(2014). An integrated critical thinking 
framework for the 21st century. Thinking 
Skills and Creativity, 12(1), 43- 

[38]. 52. 
https://doi.org/10.1016/j.tsc.2014.06.001 
7 

[39]. Dwiprabowo, R., Supena, A., Rakhman, G. 
G. F., Sumantri, M. S., Islahuddin, I., 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           31 
 

Nugraheny, D. C., & Faujiah, E. (2024b). 
Framework Brain-Based Learning: The 
Impact of Critical Thinking-Based 
Learning on memory and recall. 
ELEMENTARY Islamic Teacher Journal, 
12(1), 75. 
https://doi.org/10.21043/elementary.v12
i1.27592 

[40]. Easton, V. (2025). Effect of laboratory 
manual layout: Does experiential learning 
benefit from authentic context? Access 
Microbiology, 7(6), 000912. 
https://doi.org/10.1099/acmi.0.000912 

[41]. Erokhin, V. (2025). The problem of 
understanding the essence of critical 
thinking. Manuscript.
 https://manuscript- 
journal.ru/en/article/mns20250202/fullt
ext 

[42]. Errabo, D. D., Fujinami, K., & Isozaki, T. 
(2024). Epistemic goals and practices in 
biology curriculum—the Philippines and 
Japan. Research in Science Education. 
https://doi.org/10.1007/s11165-024-
10188-4 

[43]. Formella- Zimmermann, S., Kleespies, M. 
W., & Dierkes, P. W. (2022). Motivation 
and technology acceptance in a 
neuroscience student lab— An empirical 
comparison between virtual experiments 
with and without hands- on elements. 
Frontiers in Education. 

[44]. Firdaus, F. M., et al. (2021). Exploring 
chemistry education students' critical 
thinking skills and attitudes. Journal of 
Xi'an University of Architecture & 
Technology, 18(4). 

[45]. Fitriani, H., Asy'ari, M., Zubaidah, S., & 
Mahanal, S. (2019). Exploring the 
prospective teachers’ critical thinking and 
critical analysis skills. Jurnal Pendidikan 
IPA Indonesia, 8(3). 
https://doi.org/10.15294/jpii.v8i3.19434 

[46]. Garland, R. (1991). The mid-point on a 
rating scale: Is it desirable? Marketing 
Bulletin, 2, 66–70.
 https://marketing- 
bulletin.massey.ac.nz/V2/MB_V2_N3_Garl
and.pdf 

[47]. Gericke, N., Högström, P., & Wallin, J. 
(2022). Practical work in science 
education: A systematic literature review. 
Studies in Science Education, 58(3), 223–
263. 

https://doi.org/10.1080/03057267.2022.
2091171 

[48]. Gobert, J., & Buckley, B. C. (2000). 
Introduction to model-based teaching and 
learning in science education. 
International Journal of Science Education,
 22(9), 891–894. 
https://www.tandfonline.com/doi/abs/1
0.1080/095006900416992 

[49]. Goodsett, M. (2020). Best practices for 
teaching and assessing critical thinking in 
information literacy online learning 
objects. Journal of Academic
 Librarianship, 46. 

[50]. https://doi.org/10.1016/j.acalib.2020.1
02163 

 
 

[51]. Habib, M. K., Nagata, F., & Watanabe, K. 
(2021). Mechatronics: Experiential 
learning and the stimulation of thinking 
skills. Education Sciences, 11(2), 65. 
https://doi.org/10.3390/educsci1102006
5 

[52]. Hassan, B., Rafiq-Uz-Zaman, M., & Khan, 
Z. A. (2025). Beyond Memorization: 
Cultivating Critical Thinking Skills through 
Classic Literature in Secondary Education 
for the 21st Century Learner. Review of 
Education Administration and Law, 8(1), 
115–124. 
https://doi.org/10.47067/real.v8i1.410 

[53]. He, S., Zeng, H., Xue, M., Huang, G., Yao, C., 
& Ying, F. (2024). Affective stroking: 
Design thermal mid-air tactile for assisting 
people in stress regulation. Applied
 Sciences, 14(20), 9447. 

[54]. https://doi.org/10.3390/app14209447 
[55]. Heim, A. B., Walsh, C., Esparza, D., Smith, 

M. K., & Holmes, N. G. (2022). What 
influences students’ abilities to critically 
evaluate scientific investigations?
 PLoS ONE, 17(8), e0273337. 
https://doi.org/10.1371/journal.pone.027
3337 

[56]. Henell, E., Weda, J., Cedermalm, S., Eklöv, 
L., Håkansson, M., Nordström, J., Reibring, 
M., Stålhand, J., Persson, N.- K., Mader, A., 
van Erp, J., & Jager, E. W. H. (2024). 
Pressure stimuli and spatiotemporal 
illusions on the forearm. IEEE 
Transactions on Haptics, 17(3), 554–565. 
https://doi.org/10.1109/TOH.2024.3387
443 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           32 
 

[57]. Hidayah, R., Salimi, M., & Susiani, T. 
(2017). CRITICAL THINKING SKILL: 
KONSEP DAN INIDIKATOR PENILAIAN. 
TAMAN CENDEKIA Jurnal 

[58]. Pendidikan Ke-SD-an, 1(2),
 127–133. 
https://doi.org/10.30738/tc.v1i2.1945 

[59]. Hlavatska, Y. (2025). The Development of 
Non-Linguistic Students’ Critical Thinking 
Skills: Practical Experience. Scientific 
Journal of Polonia University. 
https://doi.org/10.1177/2347631122111
2345 6 

[60]. Hofstein, A., & Lunetta, V. N. (2004). The 
laboratory in science education: 
Foundations for the 21st century. Science 
Education, 88(1), 28–54. 
https://onlinelibrary.wiley.com/doi/abs/
10.1002/sce.10106 

[61]. Holik, M., Heinerichs, S., & Wood, J. 
(2021). Using experiential learning to 
enhance student outcomes in a didactic 
program in dietetics foodservice 
management course. Internet Journal of 
Allied Health Sciences and Practice,
 19(2), 1–11. 
https://nsuworks.nova.edu/ijahsp/vol19/
iss2/10 

[62]. Horálek, V., & Distler, P. (2024). 
Development of critical thinking in 
chemistry teaching. Chemické listy. 
https://doi.org/10.18869/acadpub.chemli
st.2024. 

[63]. Idris, N., Talib, O., & Razali, F. (2022). 
Strategies in mastering science process 
skills in science experiments: A systematic 
literature review. 

 
 

[64]. Jurnal Pendidikan IPA Indonesia,
 11(1), 11–30. 
https://doi.org/10.15294/jpii.v11i1.3373
6 

[65]. Irwanto, I. (2023, January 27). Improving 
preservice chemistry teachers’ critical 
thinking and science process skills using 
research-oriented collaborative inquiry 
learning. Irwanto | Journal of Technology 
and Science Education. 

[66]. https://www.jotse.org/index.php/jotse/
article/view/1796/662 

[67]. Jamil, M., Bokhari, T.B., & Ahmad, D. 
(2024). Evaluation of Critical Thinking 
Elements: A Qualitative Content Analysis 

of Physics Textbook Grade IX. Qlantic 
Journal of Social Sciences. 
https://doi.org/10.1108/QRJSS-09- 2024-
0012 10 

[68]. Kácovský, P., Snětinová, M., Chvál, M., 
Houfková, J., & Koupilová, Z. (2023). 
Predictors of students’ intrinsic 
motivation during practical work in 
physics. International Journal of Science 
Education, 45(4), 655–677. 
https://doi.org/10.1080/09500693.2023.
2172271 

[69]. Kibga, E., Sendi, C., & Hoka, L. (2021). 
Effectiveness of hands-on activities to 
develop chemistry learners' curiosity in 
community secondary schools in Tanzania. 
East African Journal of Education and 
Development Studies, 4(1), Article 193. 
https://doi.org/10.37284/eajeds.4.1.1198 

[70]. Kilag, O. K. T., Heyrosa-Malbas, M., Sebial, 
M. U., & Mayol, J. M. (2023). A comparative 
analysis of experimental learning 
approach and traditional teacher 
professional development programs. 
European Journal of Higher Education and 
Academic Advancement, 4(1), 26–38. 
https://doi.org/10.24018/ejhea.2023.4.1. 

[71]. Kim, Y.-E., Yu, S. L., Koenka, A. C., Lee, H., 
& Heckler, A. (2021). Can self- efficacy and 
task values buffer perceived costs? 
Exploring introductory- and upper-level 
physics courses. Journal of Experimental 
Education, 89(4), 716–741. 
https://doi.org/10.1080/00220973.2020.
1732325 

[72]. Kobylarek, A., Błaszczyński, K., Ślósarz, 
L., & Madej, M. (2022). Critical Thinking 
Questionnaire (CThQ) – construction and 
application of critical thinking test tools. 
Andragogy Adult Education and Social 
Marketing, 2(2), Article 1427. 

[73]. https://andragogy.pl/index.php/andrag
ogy/article/view/1427/1205 

[74]. Kolb, D. A. (2015). Experiential learning: 
Experience as the source of learning and 
development (2nd ed.). Pearson 
Education. 
https://www.pearson.com/store/p/exper
ientiallearning/P100000713927 

[75]. Kranz, J., Baur, A., & Möller, A. (2022). 
Learners’ challenges in understanding and 
performing experiments: A systematic 
review of the literature. Studies in Science 
Education, 58(2), 151–191. 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           33 
 

https://doi.org/10.1080/03057267.2021.
2009307 

 
 

[76]. Kulas, J. T., Stachowski, A. A., & Haynes, 
B. A. (2008). Middle response functioning 
in Likert-responses to personality items. 
Journal of Business and Psychology,
 22(3), 251–259. 
https://doi.org/10.1007/s10869-008-
9064-2 

[77]. Kupas Seni. (2025). Improving secondary 
school students critical thinking skills in 
the production of visual artworks through 
the ARD Critical Thinking Taxonomy. 

[78]. Kuruca Ozdemir, E., & Dinç, L. (2022). 
Game-based learning in undergraduate 
nursing education: A systematic review of 
mixed- method studies. Nurse Education 
in Practice, 63, 103384. 
https://doi.org/10.1016/j.nepr.2022.103
384 

[79]. Lantu, D. C., Suharto, Y., Fachira, I., 
Permatasari, A., & Anggadwita, G. (2021). 
Experiential learning model: Improving 
entrepreneurial values through internship 
program at start-ups. Higher Education, 
Skills and Work- Based Learning, 11(4), 
871–889. 
https://doi.org/10.1108/HESWBL-07- 

[80]. 2020-0160 
[81]. Leest, B., and Wolbers, M.H.J. (2021). 

Critical thinking, creativity and study 
results as predictors of selection for and 
successful completion of excellence 
programmes in Dutch higher education 
institutions. European Journal of Higher 
Education, 11(1), 29-43. 
https://doi.org/10.1080/21568235.2020.
1850310 

[82]. Li, S., Wang, Z., & Sun, Y. (2024b). 
Relationship between Thinking 
Dispositions, Working Memory, and 
Critical Thinking Ability in Adolescents: A 
Longitudinal Cross-Lagged Analysis. 
Journal of Intelligence, 12(6), 52. 
https://doi.org/10.3390/jintelligence120
6005 

[83]. Ligado, F. N. G., Guray, N. D., & Bautista, 
R. G. (2022). Pedagogical beliefs, 
techniques, and practices towards hands-
on science. American Journal of
 Educational Research, 10(10),
 552–560. 

https://doi.org/10.12691/education-10-
10-1 

[84]. Lin, Y.-J., & Wang, H.-C. (2021). Using 
virtual reality to facilitate learners’ 
creative self-efficacy and intrinsic 
motivation in an EFL classroom. Education 
and Information Technologies, 26(2), 
2083–2103. 
https://doi.org/10.1007/s10639-020-
10376-7 

[85]. Lin, M., Liu, L. Y. J., & Pham, T. N. (2023). 
Towards developing a critical learning 
skills framework for master’s students: 
Evidence from a UK university. Thinking 
Skills and Creativity, 48, 101267. 
https://doi.org/10.1016/j.tsc.2023.10126
7 

[86]. Lobo, J. (2025). The influence of 
multidimensional situational interest on 
study engagement in the university 
physical education learning environment 
in the Philippines. Sport i Turystyka. 
Środkowoeuropejskie Czasopismo 
Naukowe. 

 
 

[87]. Loveless, B. F. (2021). Understanding the 
benefits of experiential learning for 
executive leader development: A mixed 
methods approach. (Doctoral 
dissertation). Northcentral University. 

[88]. Masithoh, S., Widodo, W., & Mustaji. 
(2025). Profile of critical thinking skills in 
elementary school students. Journal of 
Innovation and Research in Primary
 Education, 4(3), 929–937. 
https://doi.org/10.56916/jirpe.v4i3.1469 

[89]. Mei Lin, L., Liu, L., & Pham, T. N. (2023). 
Towards developing a critical learning 
skills framework for master's students: 
Evidence from a UK university. Thinking
 Skills and Creativity. 
https://doi.org/10.1016/j.tsc.2023.10126
7 

[90]. Mendoza, D. M., Panganiban, T., Santos, J. 
E., San Miguel, M. H., Revuelta, 

[91]. M. A. K. A., Cumal, J. I. V., Ona, M. M. 
Muñoz- Losa, A., & Corbacho- Cuello, I. 
(2025). Impact of interactive science 
workshops participation on primary 
school children’s emotions and attitudes 
towards science. International Journal of 
Science and Mathematics Education. 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           34 
 

[92]. Misechko, О., & Lytniova, T. (2022). 
FROM CRITICAL THINKING – TO 
CREATIVITY: STEPS TO 
UNDERSTANDING. Zhytomyr Ivan Franko 
State University Journal Рedagogical 
Sciences, 2(109), 5–15. 
https://doi.org/10.35433/pedagogy.2(10
9).2022.5-15 

[93]. Muhamad Dah, N., Mat Noor, M. S. A., 
Kamarudin, M. Z., & Syed Abdul Azziz, 

[94]. S. S. (2024). The impacts of open inquiry 
on students’ learning in science: A 
systematic literature review. Educational 
Research Review. 
https://doi.org/10.1016/j.edurev.2024.10
0456 

[95]. Muhamad Dah, A., Roshid, M., & Haider, 
S. (2024). Inquiry-based and laboratory-
rich science instruction improves higher-
order and critical thinking skills but is 
underutilized in rural and low-resource 
contexts. Frontiers in Medicine. Advance 
online publication. 
https://doi.org/10.3389/fmed.2024.0000
1 

[96]. Muñoz- Losa, A., & Corbacho- Cuello, I. 
(2025). Impact of interactive science 
workshops participation on primary 
school children’s emotions and attitudes 
towards science. International Journal of 
Science and Mathematics Education. 
https://doi.org/10.1007/s10763-024-
10442-9 

[97]. Musahal, A., Rahmawati, Y., Purwanto, A., 
& Mardiah, A. (2024). Developing 
students’ critical thinking skills in 
chemistry through an environmental 
education experience using STEM-project-
based learning. AIP Conference
 Proceedings, 3033, 040009. 

[98]. https://doi.org/10.1063/5.0184953 
[99]. Muzammal, M., Hashmi, S., Hossain, M., 

Roshid, M., & Haider, S. (2025). Hands-on 
chemistry learning opportunities and their 
impact on critical thinking  and  scientific  
understanding  in  resource-limited  
settings. 

 
 

[100]. Review of Education. Advance
 online publication. 
https://doi.org/10.1002/rev3.2025 

[101]. Naugle, K. M., Hackett, J., Aqeel, D., & 
Naugle, K. E. (2021). Effect of different 

Kinesio tape tensions on experimentally-
induced thermal and muscle pain in 
healthy adults. PLOS ONE, 16(11), 
e0259507. 
https://doi.org/10.1371/journal.pone.025
9507 

[102]. Naveed, S., Talpur, B. A., & Sultana, S. 
(2025). The role of critical Reading to 
promote students’ critical thinking and 
reading comprehension. Jurnal Pendidikan
 Dan Pengajaran, 53(3), 318. 

[103]. https://doi.org/10.23887/jpp.v53i3
.29210 

[104]. Nor, H. M., and Sihes, A. J. (2021). 
Critical Thinking Skills in Education: A 
Systematic Literature review. 
International Journal of Academic 
Research in Business and Social Sciences, 
11(11). 
https://doi.org/10.6007/ijarbss/v11-
i11/11529 

[105]. Novani, N. P., & Arief, L. (2021). 
Experiential learning method and hands-
on approach for optimizing learning on 
Signal and Systems course. Proceedings of 
the 2021 International Conference on 
Electrical Engineering and Informatics, 1–
6. 

[106]. O’Brien, W., Doré, N., Campbell-
Templeman, K., Lowcay, D., & Derakhti, M. 
(2021). Living labs as an opportunity for 
experiential learning in building 
engineering education. Advanced 
Engineering Informatics, 50, 101459. 
https://doi.org/10.1016/j.aei.2021.10145
9 

[107]. OECD. (2023). PISA 2022 results: 
Creative minds, creative schools. OECD 
Publishing.https://www.oecd.org/pisa/pu
blications/pisa- 2022- results.ht m 

[108]. OECD. (2022). PISA 2022 results: 
Creative minds, creative schools. OECD 
Publishing. 
https://doi.org/10.1787/19963777 

[109]. OECD. (2023). Education at
 a glance 2023: OECD
 indicators. 
https://www.oecd.org/education/educati
on-at-a-glance/ 

[110]. Oliveira, H., & Bonito, J. (2023). 
Practical work in science education: A 
systematic literature review. [Journal 
name unavailable]. 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           35 
 

[111]. Olude, A., Abiodun, P., & Owolabi, O. 
(2024). Enhancing self-efficacy among 
transportation engineering 
undergraduates using hands-on pedagogy. 
In 2024 ASEE Annual Conference & 
Exposition Proceedings. 

[112]. Orhan, A. (2022). The relationship 
between critical thinking and Academic 
achievement: A meta-analysis study. 
Psycho-Educational Research Reviews, 
11(1), 283-299. doi: 
10.52963/PERR_Biruni_V11.N1.18 

[113]. Origenes, R., Bendebel, G. A., Tadios, 
I. L., & Debalucos, J. A. (2024). Exploring 
the experiences and perspectives of 
student teachers teaching in Mabolo 
National High School, Cebu City, 
Philippines. 

 
 

[114]. Malaysian Journal of Learning
 and Instruction, 21(2), 45–68. 
https://doi.org/10.32890/mjli2024.21.2. 

[115]. Pacadaljen, L. M. (2024). Hurdling 
obstructions on instructional management 
of science teachers in schools with 
challenging laboratory resources. 
Environment and Social Psychology, 9(4), 
1–11. https://doi.org/10.54517/esp.v9i4. 

[116]. Pacifico, E. G., & Prudente, M. S. 
(2021). Grade 12 STEM students’ 
perceptions and experiences in home-
grown chemistry experiments. 
[Conference paper, De La Salle University]. 

[117]. Padilah E.B., Imswatama A., & 
Balkist P.S. (2025). Analysis of junior high 
school students critical thinking skills in 
solving contextual-based problems. Union: 
Jurnal Ilmiah Pendidikan Matematika. 

[118]. Pandey, S. (2025). Cultivating 
critical thinking strategies and skills in 
English education. Journal of Janta 
Multiple Campus(JJMC)., 4(1), 240–260. 
https://doi.org/10.3126/jjmc.v4i1.78003 

[119]. Pati, A., Thakur, L., & Damke, S. 
(2021). Foundation course skills 
development – Impact of basic life support 
training on knowledge, confidence, skill 
and perception of first year Indian medical 
students. Journal of Evidence Based 
Medicine and Healthcare, 8(4), 248–255. 
https://doi.org/10.18410/jebmh/2021/5
0 

[120]. Pelikan, E., Lüftenegger, M., Holzer, 
J., Korlat, S., Spiel, C., & Schober, B. (2021). 
Learning during COVID-19: The role of 
self-regulated learning, motivation, and 
procrastination for perceived competence. 
Zeitschrift für Erziehungswissenschaft,
 24(2), 393–418. 
https://doi.org/10.1007/s11618-021-
01002-x 

[121]. Piaget, J. (1952). The origins of 
intelligence in children. International 
Universities Press. 
https://psycnet.apa.org/record/1952-
08577-000 

[122]. Porteria, H., & Gaza, J. S. (2025b). 
Development and Effectiveness of a 
Lesson Exemplar in Improving Critical 
Thinking Skills among Senior High School 
Students. International Journal for 
Multidisciplinary Research, 7(3). 
https://doi.org/10.36948/ijfmr.2025.v07i
03.46849 

[123]. Prabayanti, E., Usman, U., 
Khaeruddin, K., & Setiawan, T. (2025). 
Analysis of Students' Critical Thinking 
Abilities in Physics Learning: A Case Study 
at SMAN 5 Sidrap. Jurnal Pendidikan 
Fisika. 

[124]. Professional values and marketable 
skills developed through service-learning: 
An analysis of business students’ 
perceptions. (2021). Global Journal of 
Business Pedagogy, 5(1), 1–18. 

[125]. Purssell, E., & Gould, D. (2021). 
Undertaking qualitative reviews in nursing 
and education: A method of thematic 
analysis for students and clinicians. 
International Journal of Nursing Studies 
Advances, 3, 100031. 
https://doi.org/10.1016/j.ijnsa.2021.100
031 

 
 

[126]. Qi, Y. (2024). Enhancing critical 
thinking in vocational chemistry 
education: Active learning strategies in 
vocational training. Journal of Chemical 
Education, 101(11), 4892–4903. 

[127]. https://doi.org/10.1021/acs.jcheme
d.4c00887 

[128]. Rahmawati, Y., Ramadhani, S. F., & 
Afrizal. (2020). Developing students' 
critical thinking: A STEAM project for 
chemistry learning. Universal Journal of 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           36 
 

Educational Research. Retrieved from 
https://doi.org/10.13189/ujer.2020.0803
01 

[129]. Recker, F., Neubauer, R., Dong, Y., 
Gschmack, A., Jenssen, C., Moeller, K., 
Blaivas, M., Ignacio, P. M., Lucius, C., 
Ruppert, J., Sänger, S.-L., Șirli, R., Weimer, 
J., Westerway, S., Zervides, C., & Dietrich, C. 
F. (2024). Exploring the dynamics of 
ultrasound training in medical education: 
current trends, debates, and approaches to 
didactics and hands-on learning. BMC 
Medical Education. 
https://doi.org/10.1186/s12909-024- 
00000-0 1 

[130]. Reyes, J., Campilongo, F., & Galimova, 
D. (2024). Effectiveness of low-cost virtual 
laboratories and smartphone-assisted 
inquiry activities in supporting higher-
order thinking skills. Educational 
Psychology Review. Advance online 
publication. 
https://doi.org/10.1007/s10648-024-
09678- 9 

[131]. Rismanto, B., & Hayat, M. A. (2025). 
Correlational study between conceptual 
understanding and critical thinking skills 
of students on biology materials. Universal 
Education Journal of Teaching and 
Learning, 2(1), 32–38. 
https://doi.org/10.63081/uejtl.v2i1.37 

[132]. Rodriguez, J. M. G., & Towns, M. H. 
(2018). Modifying laboratory experiments 
to promote engagement in critical thinking 
by reframing prelab and postlab questions. 
Journal of Chemical Education, 95(11), 
1837–1844. 
https://doi.org/10.1021/acs.jchemed.8b0
0683 

[133]. Rodríguez-Rojas, M., Ramírez-
Segura, A., Valenzuela-Mora, P., Dampuré, 
J., & Munévar, F. R. (2024). Critical 
Thinking Evaluation Scale: Design and 
validation in a Colombian population. 
SAGE Open, 14(4). 
https://doi.org/10.1177/2158244024129
7418 

[134]. Rosba, E., Zubaidah, S., Mahanal, S., 
& Sulisetijono. (2021). College students’ 
critical thinking skills and creativity. AIP 
Conference Proceedings, 2330, 070016. 
https://doi.org/10.1063/5.0043294 

[135]. Rushiana, R. A., Sumarna, O., & 
Anwar, S. (2023). Efforts to develop 

Students’ critical thinking skills in 
chemistry learning: systematic literature 
review. Jurnal Penelitian Pendidikan IPA, 
9(3), 1425–1435. 
https://doi.org/10.29303/jppipa.v9i3.263
2 

[136]. Sadler, T. D. (2004). Informal 
reasoning regarding socioscientific issues: 
A critical review of research. Journal of 
Research in Science Teaching, 

 
 

[137]. 41(5), 513–536. 
[138]. https://onlinelibrary.wiley.com/doi

/abs/10.1002/tea.10177 
[139]. Sahar, A., Amri, H., Munfarikha, N., 

Kelana, A. H., & Islam, R. F. (2025). 
Pembelajaran IPA berbasis Hands-On: 
Tinjauan literatur terhadap 
pengembangan keterampilan proses sains. 
Indo-MathEdu Intellectuals Journal, 6(4), 
4950–4957. 
https://doi.org/10.54373/imeij.v6i4.3469 

[140]. San Gabriel, J., & Manalastas, E. J. 
(2025). Enhancing science education in 
rural areas of the Philippines. SSRN 
Electronic Journal. 
https://doi.org/10.2139/ssrn.5282807 

[141]. Santos, R. G., & Guidote, A. V. M., Jr. 
(2020). Green chemistry and Filipino 
approach - High school experiments 
[Conference presentation]. International 
Journal of Curriculum and Instruction, 
7(2), 51–57. 
https://archium.ateneo.edu/chemistry-
faculty-pubs/1007 

[142]. Sarwanto S., Fajari L.E.W., & 
Chumdari C. (2021). Critical thinking skills 
and their impacts on elementary school 
students. Malaysian Journal of Learning 
and Instruction, 18. 
https://doi.org/10.32890/mjli2021.18.2.6 

[143]. Sasaki, K., Sakurai, N., Yoshida, N., 
Oishi, M., Kasai, S., & Kodama, N. (2025). 
Identification of brain activation areas in 
response to active tactile stimulation by 
gripping a stress ball. Brain Sciences, 
15(3), 312. 
https://doi.org/10.3390/brainsci150303
12 

[144]. Schön, D. A. (1983). The reflective 
practitioner: How professionals think in 
action. Basic Books. 
ttps://www.basicbooks.com/titles/donal



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           37 
 

d-a- schon/the-reflective-
practitioner/9780465068746/ 

[145]. Scobioala, N., Cebotari, M., & 
Panaguța, R. (2025). Didactic strategies for 
developing analytical and critical thinking 
skills in technical vocational education 
students. Probleme sensibile 
controversate ale societății contemporane. 

[146]. Seery, M. K. (2021). [Meta-analysis 
on laboratory work and critical thinking in 
chemistry education]. (Referenced in 
CERAP studies; exact title not located.) 

[147]. Seery, M. K., Agustian, H. Y., 
Christiansen, F. V., Gammelgaard, B., & 
Malm, 

[148]. R. H. (2024). 10 guiding principles 
for learning in the laboratory. Chemistry 
Education Research and Practice, 25(3), 
383–402. 
https://doi.org/10.1039/D3RP00245D 

[149]. Semilarski, H., Soobard, R., & 
Rannikmäe, M. (2021). Promoting 
students’ perceived self-efficacy towards 
21st century skills through everyday life-
related scenarios. Education Sciences, 
11(9), 552. 
https://doi.org/10.3390/educsci1109055
2 

[150]. Sharma, M. A., Doshi, B. M., Verma, 
M., &#38; Verma, A. K. (2022). Strategies 
for Developing Critical-Thinking 
Capabilities. <i>World 

 
 

[151]. Journal of English
 Language</i>, <i>12</i>(3),117. 

[152]. https://doi.org/10.5430/wjel.v12n
3p117</div> 

[153]. Shana, Z., & Abulibdeh, E. S. (2020). 
[Practical work in chemistry education: 
Benefits for student achievement in UAE 
schools]. Journal of Technology and 
Science Education, 12(1). (Exact title 
inferred from context on practical 
exercises.) 

[154]. Shubina, I., & Kulakli, A. (2019). 
Critical thinking, creativity and gender 
differences for knowledge generation in 
education. Literacy Information and 
Computer Education Journal, 10(1), 3086–
3093. 
https://doi.org/10.20533/licej.2040.2589
.2019.0405 

[155]. Sierra Rativa, A., Postma, M., &amp; 
van Zaanen, M. (2021). Measuring 21st 
century learning skills: A systematic 
review of the literature on critical 
thinking, creativity, communication, and 
collaboration skills tests. 
https://www.researchgate.net/publicatio
n/400917388 

[156]. Simamora, J. A., Iskandar, I., Weda, S., 
& Tahir, M. (2025). Students’ perceptions 
and experiences in kinesthetic learning: 
Challenges and benefits. Klasikal: Journal 
of Education, Language Teaching and 
Science, 7(1), 1–13. 
https://doi.org/10.52208/klasikal.v7i1.21
1 

[157]. Siska J., Franzhardi D. (2025). The 
Effect of Conducting Practical Hand-On 
Activities in SMK Negeri 4 Muko-Muko. 
JENTIK : Jurnal Pendidikan Teknologi 
Informasi dan Komunikasi. 

[158]. Snětinová, M., Kácovský, P., & 
Machalická, J. (2018). Hands-on 
experiments in the interactive physics 
laboratory: Students’ intrinsic motivation 
and understanding. Center for Educational 
Policy Studies Journal, 8(1), 55– 

[159]. 75. 
https://www.cepsj.si/index.php/cepsj/art
icle/view/319/268 

[160]. Song, H., & Cai, L. (2024). Interactive 
learning environment as a source of 
critical thinking skills for college students. 
BMC Medical Education, 24. 
https://bmcmededuc.biomedcentral.com/
articles/10.1186/s12909-024- 05247-y 

[161]. Song, Y., Roohr, K., & Kirova, D. 
(2024). Exploring Approaches for 
Developing and Evaluating Workplace 
Critical Thinking Skills. Thinking Skills and 
Creativity. 
https://doi.org/10.1016/j.tsc.2023.10123
4 2 

[162]. Stanley, A., Kronlage, R., Reid, M. J., 
Rains, H., Kalynych, C., Lossius, M. N., 
Taylor, J. A., & Holland, C. K. (2025). 
Integrating a quality improvement 
experiential platform into medical student 
education. BMC Medical Education, 25, 
120. https://doi.org/10.1186/s12909-
025-05555-5 

[163]. Susilawati E., Agustinasari A., 
Samsudin A., & Siahaan P. (2020). Analisis 
tingkat keterampilan berpikir kritis siswa 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           38 
 

SMA. Jurnal Pendidikan Fisika Dan 
Teknologi, 6(1), 11–16. 
https://doi.org/10.29303/jpft.v6i1.1453 

[164]. Syed G.Faruk & Faruk G.Faruk 
(2020). Saudi students’ flying the nest of 
“knowledge”:  Reality  and  prospects  for  
developing  higher  order 

 
 

[165]. cognitive skills beyond
 remembering at KingKhalid
 University [Scientific Bulletin] 

[166]. Szalay, Z., et al. (2023). Scaffolding 
experimental design for critical reasoning 
in chemistry. (Likely in Journal of Chemical 
Education; 2023 review on scaffolds.) [ 
variant] 

[167]. Szalay, Z., et al. (2024). [Continued 
work on scaffolding in general chemistry 
problem-solving]. Journal of Chemical 
Education. 
https://doi.org/10.1021/acs.jchemed.4c0
1327 

[168]. Tan, J., Atamanchuk, L. Y., Rao, T., 
Sato, K., Crowley, J., & Ball, L. (2022). 
Exploring culinary medicine as a 
promising method of nutritional education 
in medical school: A scoping review. BMC 
Medical Education, 22, 449. 
https://doi.org/10.1186/s12909-022-
03479-7 

[169]. Tang, T., Vezzani, V., & Eriksson, V. 
(2020). Developing critical thinking, 
collective creativity skills and problem 
solving through playful design jams.
 Thinking Skills and Creativity. 
https://doi.org/10.1016/j.tsc.2020.10072
1 

[170]. Unwakoly, S., Liliasari, & 
Munawaroh, H. S. (2024). Portraying 
critical and creative thinking skills of 
chemistry teachers candidate in 
Biochemistry Laboratory activity. KnE
 Social Sciences. 
https://doi.org/10.18502/kss.v9i8.15661 

[171]. Umar, M., & Ko, I. (2022). E-learning: 
Direct effect of student learning 
effectiveness and engagement through 
project-based learning, team cohesion, and 
flipped learning during the COVID-19 
pandemic. Sustainability, 14(3), 1724. 
https://doi.org/10.3390/su14031724 

[172]. Uzumcu, M., & Bay, E. (2020). 
Critical thinking development in 

constructivist learning environments. 
Journal of Educational Research, 113(2), 
123- 

[173]. 135. 
https://doi.org/10.1080/00220671.2020.
1711234 

[174]. Van Peppen, L. M., Verkoeijen, P. P. J. 
L., Heijltjes, A., Janssen, E., & Van Gog, T. 
(2021). Repeated retrieval practice to 
foster students’ critical thinking skills.
 Collabra Psychology, 7(1). 
https://doi.org/10.1525/collabra.28881 

[175]. Varenina, L., Vecherinina, E., 
Shchedrina, E., Valiev, I., &amp; Islamov, A. 
(2021). Developing critical thinking skills 
in a digital educational environment. 
Thinking Skills and Creativity, 41(July), 
100906. 
https://doi.org/10.1016/j.tsc.2021.10090
6 

[176]. Vygotsky, L. S. (1978). Mind in 
society: The development of higher 
psychological processes. Harvard 
University Press. 
https://www.hup.harvard.edu/catalog.ph
p?isbn=9780674576292 

[177]. Walker, J. P., et al. (2021). Examining 
the effect of lab instructions on students' 
critical thinking during a chemical inquiry 
practical. Chemistry 

 
 

[178]. Education Research and Practice,
 22(4), 823–838. 
https://doi.org/10.1039/D0RP00020E 

[179]. Warsah I., Morganna R., Uyun M., 
Hamengkubuwono H., .Afandi M.(2021). 
The impact of collaborative learning on 
learners’ critical thinking skills. 
International Journal of Instruction, 14(2), 
443–460. 
https://doi.org/10.29333/iji.2021.14225a 

[180]. Weda, J., Mader, A., Souri, H., Dertien, 
E., & van Erp, J. (2024). Perception 
threshold for pressure by a soft textile 
actuator. IEEE Transactions on Haptics, 
17(1), 90–101. 
https://doi.org/10.1109/TOH.2024.3361
030 

[181]. Weda, J., van Erp, J. B. F., & Mader, A. 
(2023). The effect of actuation speed on 
the perception threshold of a squeezing 
soft actuator. IEEE Transactions on
 Haptics, 16(3), 540–551. 



© IJARW | ISSN (O) - 2582-1008 
July 2026 | Vol. 8 Issue. 1 

www.ijarw.com 

 

IJARW3148                                 International Journal of All Research Writings                           39 
 

https://doi.org/10.1109/TOH.2023.3270
351 

[182]. Wijnia, L., Noordzij, G., Arends, L. R., 
Rikers, R. M. J. P., & Loyens, S. M. M. (2024). 
The effects of problem-based, project-
based, and case-based learning on 
students’ motivation: A meta-analysis. 
Educational Psychology Review, 36, 9. 
https://doi.org/10.1007/s10648-023-
09764-0 

[183]. Windschitl, M., Thompson, J., & 
Braaten, M. (2018). Ambitious science 
teaching. Harvard Education Press. 
https://www.hepg.org/hep- 
home/books/ambitious-science-teaching 

[184]. Wörner, S., Kuhn, J., & Scheiter, K. 
(2022). The best of two worlds: A 
systematic review on combining real and 
virtual experiments in science education. 
Review of Educational Research, 92(3), 
381–421. 
https://doi.org/10.3102/0034654322107
4361 

[185]. Wu, C.-H., Liu, C.-H., & Huang, Y.-M. 
(2022). The exploration of continuous 
learning intention in STEAM education 
through attitude, motivation, and cognitive 
load. International Journal of STEM 
Education, 9, 23. 
https://doi.org/10.1186/s40594-022-
00353-1 

[186]. Yager, R. E. (1991). The 
constructivist learning model. The Science 
Teacher, 58(6), 45–47. 
https://www.jstor.org/stable/24155338 

[187]. Yao, J. (2023). Exploring 
Experiential Learning: Enhancing 
secondary school chemistry education 
through practical engagement and 
innovation. Journal of Education 
Humanities and Social Sciences, 22, 475–
484. 
https://doi.org/10.54097/ehss.v22i.1250
8 

[188]. Zeidler, D. L., Sadler, T. D., Simmons, 
M. L., & Howes, E. V. (2005). Beyond STS: 
A research-based framework for 
socioscientific issues education. Science 
Education, 89(3), 357–377. 

[189]. Zhang, L., Kyza, E., Georgiou, Y., 
Suwahono, A., & Zulfirman, Z. (2022–
2025). Research gaps on affordable 
chemistry experiments for pre-service 
science teachers in rural tertiary education 

settings: Implications forcritical thinking 
development. Thinking Skills and 
Creativity. Advance online publication(s). 

[190]. Zhou, Q., Huang, Q., & Tian, H. 
(2013). Developing students’ critical 
thinking skills by Task-Based learning in 
chemistry experiment teaching. Creative
 Education, 04(12), 40–45. 
https://doi.org/10.4236/ce.2013.412a10
06 


