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Abstract
School laboratories are vital for building students’ understanding and scientific 
skills through hands-on activities. However, the laboratory at SMAN 1 Rasau Jaya 
in Kubu Raya Regency is underutilized, potentially reducing students’ motivation 
and skills. This study aims to evaluate the basic laboratory knowledge and skills of  
students at SMAN 1 Rasau Jaya, focusing on measurement, weighing, and dilu-
tion. This research utilizes a descriptive quantitative survey method to assess the 
basic laboratory knowledge and skills of  Grade XII science students at SMAN 1 
Rasau Jaya, with a purposive sample of  35 students. Data analysis was conducted 
to describe laboratory knowledge and skills as well as their relationship. The study 
found students’ laboratory knowledge to be generally moderate, with average scores 
of  41% for measurement, 45% for weighing, and 43% for dilution skills. Practically, 
34.3% of  students were rated as good and 8.6% as very good in measurement skills. 
Weighing skills were stronger, with 68.6% in the very good category, while dilution 
skills need improvement, with only 31.4% very good and 17.1% moderate. A low 
but significant correlation (r = 0.376, p = 0.026) suggests that theoretical knowledge 
hasn’t fully translated into practical ability. In conclusion, the study highlights a gap 
between students’ theoretical knowledge and practical skills, suggesting a need for 
increased hands-on practice to enhance scientific proficiency and motivation among 
students at SMAN 1 Rasau Jaya. 
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ratory skills not only deepens students’ under-
standing of  scientific concepts but also provides 
a critical foundation for addressing challenges in 
advanced scientific studies. However, students 
often face barriers to mastering these skills. In-
sufficient laboratory facilities, limited access to 
practical materials, and restricted time allocated 
for hands-on activities are common challenges 
encountered by educational institutions (Amba 
et al., 2014; Pareek, 2019; Rahmah et al., 2021). 
Furthermore, previous research indicates that 
many students do not achieve proficiency in basic 
laboratory skills   due to inadequate practice op-
portunities and limited availability of  equipment 
in schools (Hensiek et al., 2016; Kartini, 2019) . 
In addition, students are expected to develop fun-
damental laboratory competencies such as proper 
handling of  laboratory equipment, accurate mea-
surement techniques, and maintaining safety pro-
tocols—skills crucial for ensuring precision and 
reliability in experimental outcomes.

State Senior High School 1 Rasau Jaya in 
Kubu Raya Regency has a well-equipped labora-
tory; however, it is seldom utilized. Despite the 
availability of  resources to facilitate practical sci-
ence learning, students have never engaged in 
hands-on experiments. This situation highlights a 
disconnect between the presence of  educational 
facilities and their effective use in teaching and 
learning activities. The absence of  practical ac-
tivities in science education is troubling, as it ad-
versely affects students’ comprehension of  biol-
ogy and other scientific disciplines.

School laboratories are essential for pro-
moting effective and interactive learning (Alnaser 
& Forawi, 2024; Ambusaidi et al., 2018; Jannah 
& Sontani, 2018). They should serve as the hub 
for scientific activities, encouraging students to 
experiment, observe, and practice fundamental 
laboratory skills (Putri et al., 2022). When labo-
ratories remain unused, students miss the chance 
for hands-on engagement, which can diminish 
their motivation and hinder their mastery of  ba-
sic laboratory skills (Rahmah et al., 2021). This 
situation underscores the necessity for schools to 
reassess their teaching strategies, particularly in 
optimizing laboratory use to enhance students’ 
understanding of  scientific concepts (Ali et al., 
2022; Hamidu et al., 2014).   

The study focuses on assessing basic labo-
ratory skills such as measuring, weighing, and di-
luting, which are fundamental to science educa-
tion. Understanding students’ current proficiency 
provides insights into existing gaps in their practi-
cal learning, especially at a school like SMAN 1 
Rasau Jaya, where laboratory use is limited. This 

INTRODUCTION

Laboratories play a crucial role in the 
learning process. Laboratory activities not only 
support conceptual understanding but also foster 
critical, analytical, and creative thinking skills es-
sential for solving scientific problems (Putri et al., 
2022; Uwitonze & Nizeyimana, 2022; Wei et al., 
2019). Practical work allows students to explore 
and deepen their understanding of  scientific con-
cepts taught in class, enhancing their scientific 
skills. In line with the Standards for Primary and 
Secondary Education Processes outlined in Per-
mendikbud No. 22 of  2016, learning should fol-
low a scientific approach emphasizes hands-on 
practice. Laboratories as learning facilities enable 
students to engage directly in learning process, 
building knowledge and skills through real-life ex-
periences (Acut, 2024; Jannah & Sontani, 2018).

Mastering laboratory skills is a key fo-
cus of  science education at the secondary level. 
These skills encompass fundamental aspects such 
as operating equipment, conducting experiments 
according to proper procedures, and analyzing 
observational data. Nurhayati (2022), labora-
tories significantly enhance students’ scientific 
knowledge and skills, which are closely related 
to the scientific processes that support experi-
ment-based learning. Additionally, Pramesti et 
al. (2018) revealed that knowledge of  laboratory 
equipment is a critical indicator of  students’ read-
iness to engage in laboratory practical work.

Students are more skilled and find it eas-
ier to conduct experiments if  they have a foun-
dational knowledge of  the tools, including their 
names, functions, and how to use them (Padari 
et al., 2022). Students can hinder their experi-
ments if  they do not understand these tools. Stu-
dents who are proficient with the equipment will 
work more effectively and safely during practical 
sessions, allowing them to achieve the desired 
results. Thus, mastering the tools enhances stu-
dents’ psychomotor skills (Juvitasari et al., 2019). 
Research by Matias et al., (2023) supports this, 
stating that knowledgeable students exhibit better 
psychomotor abilities. To ensure practical activi-
ties run smoothly and objectives are met, students 
must have a solid foundational knowledge of  lab-
oratory equipment (Pramesti et al., 2018).

Laboratory skills are fundamental compe-
tencies that students must acquire in secondary 
science education. This study specifically exam-
ines skills related to measuring, weighing, and 
diluting solutions—essential techniques required 
for conducting various scientific experiments 
(Wijayaningrum, 2020). Mastery of  these labo-
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is crucial for ensuring students are prepared for 
higher education and scientific careers.

Research on basic laboratory skills has been 
extensively conducted, particularly in evaluating 
students’ abilities to use tools such as electronic 
balances, pipettes, and graduated cylinders. Sev-
eral studies also focus on practical exercises like 
solution dilution, titration, and handling labora-
tory materials. These studies have demonstrated 
that performance assessments and repeated prac-
tice significantly improve students’ skills and en-
hance their understanding of  scientific concepts 
(Coleman, 2015). However, most of  these studies 
are conducted at the college level or in schools 
with well-equipped and frequently utilized labo-
ratories. This study offers novelty by being con-
ducted at SMAN 1 Rasau Jaya, a school where 
the laboratory is rarely used despite the availabil-
ity of  equipment. It also explores the correlation 
between students’ theoretical knowledge and 
their practical laboratory skills, a dimension that 
limited attention in previous research.

Furthermore, this study aims to provide 
actionable recommendations to improve the 
quality of  laboratory-based learning in schools, 
particularly under conditions of  limited time and 
resources. The findings are expected to contrib-
ute to the development of  more effective practical 
learning strategies, supporting students in master-
ing essential laboratory skills.

METHOD

This study used a survey method mixed 
with laboratory skill test. The mixed survey-and-

test method is conducted to collect information 
related to the research variables, namely knowl-
edge and basic laboratory skills. We used a quan-
titative descriptive approach   to describe the 
knowledge and basic laboratory skills of  students, 
as well as the relationship between the two vari-
ables through statistical tests. This research was 
conducted in the odd semester of  the 2024/2025 
academic year at SMAN 1 Rasau Jaya, Rasau 
Jaya District, Kubu Raya Regency.

The sample in this study consists of  
one group of  class XII science students in the 
2024/2025 academic year, totaling 35 individu-
als. The sampling technique used is purposive 
sampling, meaning the sample is deliberately cho-
sen based on the teacher’s knowledge to represent 
the population relevant to the research objectives. 
The research instruments used are a written test 
sheet to assess knowledge of  basic laboratory 
skills and a practical assessment sheet to evaluate 
basic laboratory practice skills. The written test 
includes questions about measuring skills, weigh-
ing skills, and diluting skills. A practical test is 
also conducted to assess these three skills. In this 
study, measuring skills are performed using cali-
pers and screw micrometers, weighing skills are 
assessed using analytical balances, while diluting 
skills involve the use of  measuring cups, dropper 
pipettes, and measuring flasks. The written test 
questions consist of  three indicators: parts of  the 
tools, functions of  the tools, and how to use the 
tools. For the practical skills assessment, students 
are observed for their adherence to the correct 
procedural steps. Examples of  the written test 
questions and practical assessment criteria below.

Table 1. Example of  written test questions and instructions in the practical test of  basic laboratory 
skills in science used in this study. The test question is given in Indonesian

Instrument Indicator Example of written test questions and instructions

Written 
Test

Components of  the 
equipment

2. Below is an image of  a screw micrometer.

 
According to the number sequence in the image, the names of  
the parts of  the measuring instrument above are ....
a. Fixed spindle, frame, movable spindle, locking mechanism,  
    main scale, vernier scale, ratchet wheel
b. Frame, fixed spindle, movable spindle, locking mechanism, 
    main scale, vernier scale, ratchet wheel
c. Fixed spindle, ratchet wheel, vernier scale, locking mecha-
    nism, frame, movable spindle, main scale 
d. Ratchet  wheel,  vernier  scale,  main  scale, locking mecha-
    nism, movable spindle, fixed spindle, frame 
e. Frame, fixed spindle, movable spindle, locking mechanism, 
    main scale, ratchet wheel, vernier scale
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The data collection technique used in this 
study is the administration of  written tests in the 
form of  multiple-choice questions and practical 
tests of  basic laboratory skills. The written test 
is administered before the start of  the skill prac-
tices. The time allocated for filling out the test is 
20 minutes, assuming 5 minutes for filling in per-
sonal information and checking answers, and 1 
minute for answering each question. A total of  15 
multiple-choice questions are provided. Observa-
tions are conducted to gather data on basic labo-
ratory skills through direct practice. Students are 
tested to perform hands-on practice in the labo-
ratory related to three basic laboratory skills to 
be measured: measuring, weighing, and diluting. 
Assessment is carried out by observing the con-
formity of  the practice steps for the three skills 
based on the established guidelines.

The data collected from the written tests 

and observations of  laboratory skills practices are 
analyzed to obtain a clear picture of  the knowl-
edge and basic skills of  the students. Data analy-
sis is conducted by calculating the average score 
of  basic laboratory skills knowledge, referring to 
the formula according to Sudijono (2007) as fol-
lows:

Description:
	 = Average value

	 = Total score of  all samples
N 	 = Total samples

For the data on basic laboratory skills prac-
tice, data analysis is performed by calculating the 
percentage according to Purwanto (2010) as fol-
lows:

Instrument Indicator Example of written test questions and instructions

Function of  the 
equipment

13.  Please refer to the image below.

In the dilution activity, the main function of  the tool above is …
a.  Heating the solution
b.  Measuring the weight of  a solid substance
c.  Measuring the volume of  a solution
d.  Carrying out a chemical reaction
e.  Stirring the solution

How to use the 
equipment

1.  Weighing activities involve several steps. Below, the one that 
     is not included in the weighing steps is …. 
a.  Ensuring the scale shows zero first
b.  Placing the object to be weighed on the weighing plate
c.  Reading the number displayed on the digital screen accord-
     ing to the scale unit 
d. Removing the object being weighed after the scale returns 
     to zero
e.  Weighing until the mass is constant

Practice 
Test

Preparing the 
instrument (digital 
scale)

Prepare the digital scale that will be used.

Weighing the pre-
pared materials

Weigh 10 grams of  sugar as requested.

Turn off  the instru-
ment (digital scale) 
that has been used.

Turn off  the scale that has been used.
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Description: 
NP	 =  The percentage value sought 
R	 =  The raw scores obtained by students
SM 	 =  Maximum score

The percentage of  basic laboratory skills 
for written test and practice results is then cate-
gorized into levels such as ”very good,” ”good,” 
”satisfactory,” ”poor,” and ”very poor,” based 
on Arikunto (2016) (Table 2). This categorizati-
on helps in assessing students’ competencies in 
laboratory skills and provides a clear framework 
for evaluating their performance in practical tasks 
and written test.

Table 2. Categorization of  Basic Laboratory 
Skills Test

Interval Score Interpretation

81%-100% Very Good

61%-80% Good

41%-60% Fairly Good

21%-40% Poor

0%-20% Very Poor

To examine the relationship between test 
results of  knowledge and basic laboratory skills 
practice, Pearson correlation test is used (Siregar, 
2023).   In this study, basic laboratory skills serve 
as the dependent variable, while knowledge of  
laboratory tools is the independent variable. This 
test is appropriate because it analyzes the linear 
relationship between two interval or ratio vari-
ables. The magnitude of  the correlation coef-
ficient obtained is then interpreted based on the 
categories described  (Table 3).

Table 3. Rule of  Thumb for Interpreting the Size 
of  a Correlation Coefficient 

Size of Correlation Interpretation

0.90 to 1.00 
(-0.90 to -1.00)

Very high positive (neg-
ative) correlation

0.70 to 0.90 
(-0.70 to -0.90)

High positive (negative) 
correlation

0.50 to 0.70 
(-0.50 to -0.70)

Moderate positive (neg-
ative) correlation

0.30 to 0.50 
(-0.30 to -0.50)

Low positive (negative) 
correlation

0.00 to 0.30 
(0.00 to -0.30)

Negligible correlation

RESULT AND DISCUSSION 

The basic laboratory skills knowledge of  
students at SMAN 1 Rasau Jaya in activities such 
as measuring, weighing, and diluting is generally 
in the ”adequate” category, with average percen-
tages of  41%, 45%, and 43%, respectively. In me-
asurement skills, the ability to identify instrument 
functions averaged 40%, while identifying instru-
ment parts averaged 34%, and explaining instru-
ment use reached 44.5%. For weighing skills, 
identifying instrument functions averaged 38.5%, 
identifying instrument parts averaged 54%, and 
explaining instrument use reached 49%. In diluti-
on skills, identifying instrument functions scored 
an average of  36%, while identifying instrument 
parts reached 74%, and explaining instrument 
use scored 26%. Overall, these results indicate 
that students still demonstrate a theoretical gap 
in their foundational laboratory skills.

Table 4. Test Scores on Basic Laboratory Skills Knowledge of  Students at SMAN 1 Rasau Jaya

No. Knowledge Indicator  Percentage Category

1 Measuring Skills
a. Determining the function of  the instrument
b. Identifying parts of  the instrument
c. Explaining the usage method

41%
40%
34%

44,5%

Fairly Good
Poor
Poor

Fairly Good

2 Weighing Skills
a. Determining the function of  the instrument
b. Identifying parts of  the instrument
c. Explaining the usage method

45%
38,5%
54%
49%

Fairly Good
Poor

Fairly Good
Fairly Good

3 Dilluting Skills
a. Determining the function of  the instrument
b. Identifying parts of  the instrument
c. Explaining the usage method

43%
36%
74%
26%

Fairly Good
Poor
Good
Poor
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Students’ knowledge of  practical labora-
tory instruments is crucial for the effective exe-
cution of  laboratory activities in schools. When 
students understand how to correctly use these 
instruments, they become more skilled and effi-
cient in conducting experiments, allowing them 
to achieve desired outcomes and work safely to 
prevent accidents (Hendrawan et al., 2021; Ir-
wanto et al., 2019). At SMAN 1 Rasau Jaya, stu-
dents’ knowledge of  basic laboratory skills is cur-
rently at a ‘satisfactory’ level, indicating that their 
understanding of  these skills has not yet reached 
optimal levels.   This means that while students 
possess some level of  understanding and ability 
in laboratory skills, their knowledge is not yet at 
an ideal or optimal level. Essentially, they meet 
the minimum expectations, but there is significant 
room for improvement in mastering these skills 
to a higher standard. Walker & Sampson (2016) 
The importance of  authentic science-based labo-
ratory learning lies in providing opportunities for 
students to design their own experiments and an-
alyze data. Without such opportunities, students 
are unlikely to develop advanced skills essential 
for scientific inquiry and problem-solving.

The difficulty students face in understand-
ing basic laboratory concepts theoretically sug-
gests that adequate laboratory practice has not 
been fully realized. Fantinelli et al. (2024)  found 
that limited direct practical experience can under-
mine students’ confidence in applying theory to 
real-world situations, often negatively impacting 
the quality of  laboratory results. Additional fac-
tors, such as restricted laboratory time and lim-
ited access to equipment, further hinder the en-
hancement of  students’ practical skills (Iyer et al., 
2021). Research indicates that increasing direct 
practical experience is essential, as regular labo-
ratory activities improve both technical skills and 
understanding of  practical concepts  (Shana & 
Abulibdeh, 2020; Sroczynski, 2023). Therefore, 
schools must ensure that students have sufficient 
access to laboratories and ample opportunities for 
hands-on experiments to develop strong practical 
skills and foster a comprehensive understanding 
of  scientific concepts.

However, a contrasting trend was observed 
in the basic laboratory skills practical test results, 
where scores in several practical aspects were ac-
tually higher than those in theoretical knowledge 
tests. This suggests that students are capable of  
performing practical tasks proficiently, despite 
their limited theoretical understanding of  labora-
tory instruments. When confronted with practical 
situations, they find it easier to grasp how these 

instruments function. Several factors appear to 
influence students’ practical abilities, including 
a preference for kinesthetic learning, effective 
observational skills, and clear, structured instruc-
tions during practical activities. This situation 
implies the need for improvement in their educa-
tion or training. Possible areas for enhancement 
include more hands-on practice, clearer theoreti-
cal explanations, or improved teaching strategies.

Robles (2023) demonstrated that kines-
thetic learning, which involves physical move-
ment and manipulation of  objects, is particularly 
effective in helping students comprehend com-
plex concepts. For instance, in science or math-
ematics, engaging in hands-on activities allows 
students to understand concepts more concretely 
than through verbal or visual means, thereby en-
hancing their ability to apply theory in practice. 
Oliveira & Bonito (2023) emphasized that strong 
observational skills are fundamental to science 
education; students who cultivate these skills 
tend to perform better in laboratory experiments. 
Effective observation fosters critical thinking and 
attention to detail, improving both the quality of  
experimental results and conceptual understand-
ing. Furthermore, Hammond & Moore (2018) 
asserted that teachers should provide clear and 
explicit instructions, including step-by-step exam-
ples and specific guidance necessary for students 
to tackle problems and complete tasks requiring 
critical thinking.

According to Rahmawati & Astuti, (2017), 
practical activities positively influence students’ 
learning success by enabling direct observation 
of  phenomena, fostering scientific thinking skills, 
and developing scientific attitudes. Through these 
activities, students can more easily acquire new 
knowledge, understand concepts, and create last-
ing memories, while also sharpening their process 
skills (Pranaja & Astuti, 2019). This occurs as stu-
dents utilize available resources, conduct experi-
ments, observe outcomes, and record their own 
results, thereby enhancing their thinking abili-
ties and reinforcing previously learned theories. 
Robani et al. (2021) emphasize that the learning 
process should focus on the active engagement of  
students, allowing them to directly grasp infor-
mation related to the material presented by the 
teacher through observation and hands-on prac-
tice. Oktay et al. (2023) demonstrates that STEM-
based laboratory activities significantly enhance 
competence perceptions in 21st-century skills, 
such as critical thinking, problem-solving, and 
the ability to use technology for analyzing and 
sharing information. STEM also supports the de-
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velopment of  higher-level skills more effectively 
compared to traditional approaches. 

Table 5. Practical Scores of  Basic Laboratory Skills of  Students at SMAN 1 Rasau Jaya

Indicator
Percentage of Students in Each Category

Average Percentage
Very Good Good Fairly Good Poor Very Poor

Measuring Skills
Weighing Skills
Dilluting Skills

8.6%
68.6%
31.4%

34.3%
25.7%
40%

40%
5.7%
17.1%

11.4%
0%

11.4%

5.71%
0%
0%

58%
81%
73%

The observations during practical activi-
ties indicate that most students have mastered 
basic laboratory skills, such as measuring, weigh-
ing, and diluting (see Table 5). However, some 
students still require reinforcement in specific 
areas. In measuring skills, 40% are classified as 
‘adequate,’ suggesting a need for improvement. 
While 34.3% are rated as ‘good’ and 8.6% as 
‘very good,’ approximately 17.1% fall into the 
‘poor’ and ‘very poor’ categories, indicating that 
mastery of  these skills is not evenly distributed.

In weighing skills, 68.6% of  students are 
rated as ‘very good,’ while 25.7% are classified 
as ‘good,’ indicating strong mastery among the 
majority, with no students in the ‘poor’ or ‘very 
poor’ categories. However, 5.7% fall into the ‘ad-
equate’ category, suggesting room for improve-
ment through additional support. In contrast, 
40% of  students are rated as ‘good’ in dilution 
skills, and 31.4% as ‘very good.’ Yet, 17.1% are 
classified as ‘adequate,’ and 11.4% as ‘poor,’ indi-
cating that dilution skills require more attention. 
As a more complex skill, dilution necessitates 
increased practical training and guidance to en-
hance students’ proficiency.

Overall, the observations of  the three skills 
reveal a gap in mastery, particularly in measur-

ing and diluting. These aspects require increased 
attention through additional practice and more 
intensive support. Shana & Abulibdeh (2020) 
note that mastery of  basic laboratory skills is of-
ten uneven among students; some excel in certain 
areas while others struggle, especially with com-
plex tasks like precise measurements or accurate 
dilutions (Keen & Sevian, 2022). Skills such as 
measuring volume or mass with laboratory tools 
(e.g., pipettes, burettes, or balances) necessitate a 
deep understanding of  instrument function and 
consistent practice. Similarly, dilution involves 
concepts like molarity and concentration, requir-
ing structured practice for students to achieve 
true mastery (Raviolo et al., 2021).

Repetition and hands-on practice are cru-
cial for deepening students’ understanding of  
complex laboratory skills, such as measuring 
and diluting solutions. For instance, experiments 
involving blood pressure measurement, respira-
tion, or the dilution of  solutions in physiological 
contexts illustrate the importance of  practical ap-
plication. Repeated practical exercises, coupled 
with supervision and additional instruction, are 
vital for improving both understanding and skills  
(Silverthorn. 2018).

Table 6. Correlation Test between Knowledge Assessment and Basic Laboratory Skills Practice

Knowledge Practice

Knowledge Pearson Correlation 1 .376*

Sig. (2-tailed) .026

N 35 35

Practice Pearson Correlation .376* 1

Sig. (2-tailed) .026

N 35 35
*. Correlation is significant at the 0.05 level (2-tailed)

The correlation test results between knowl-
edge and basic laboratory skills practice yielded a 
coefficient of  R = 0.376 and p = 0.026 (see Table 
6). This indicates a positive correlation of  low 
magnitude and a significant relationship between 

students’ knowledge and their practical skills in 
the laboratory. The positive correlation suggests 
that improvements in students’ knowledge of  
laboratory skills are accompanied by enhance-
ments in their practical abilities. However, despite 
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positive but low relationship between knowledge 
and practical skills (r = 0.376. p = 0.026), indi-
cating that increased knowledge does not fully 
translate into practical ability. Thus, enhancing 
practical learning, especially in weaker skill areas, 
is essential.

REFERENCES

Acut, D. P. (2024). From classroom learning to real-
world skills: an autoethnographic account of  
school field trips and STEM work immersion 
program management. Disciplinary and Inter-
disciplinary Science Education Research, 6(1). 
https://doi.org/10.1186/s43031-024-00111-x

Ali, N., Ullah, S., & Khan, D. (2022). Interactive 
Laboratories for Science Education: A Subjec-
tive Study and Systematic Literature Review. 
Multimodal Technologies and Interaction, 6(10). 
https://doi.org/10.3390/mti6100085

Alnaser, D. S. A., & Forawi, S. (2024). Investigating 
the Effects of  Virtual Laboratories on Students’ 
Motivation and Attitudes Toward Science. Sci-
ence Education International, 35(2), 154–162. 
https://doi.org/10.33828/sei.v35.i2.9

Amba, Neji, H., John.O, U., & Cecilia. O, N. (2014). 
Evaluating the Adequacy of  laboratory fa-
cilities on students’ academic Performance 
in Secondary School in Calabar, Nigeria. 
IOSR Journal of  Research & Method in Educa-
tion (IOSRJRME), 4(3), 11–14. https://doi.
org/10.9790/7388-04331114

Ambusaidi, A., Al Musawi, A., Al-Balushi, S., & Al-
Balushi, K. (2018). The impact of  virtual lab 
learning experiences on 9th grade students’ 
achievement and their attitudes towards sci-
ence and learning by virtual lab. Journal of  
Turkish Science Education, 15(2), 13–29. https://
doi.org/10.12973/tused.10227a

Arikunto. S. (2016). Manajemen Penelitian. Jakarta: 
Rineka Cipta.

Bransford. J. D.. Brown. A. L.. & Cocking. R. R. 
(2000). How people learn (Vol. 11). Washington. 
DC: National academy press.

Coleman, A. (2015). Practical Assessment of  Basic 
Skills in High-Enrollment Biology Lab Cours-
es. Tested Studies for Laboratory Teaching, 36, 1–2. 
http://www.ableweb.org/volumes/vol-36/
v36reprint.php?ch=27

Fantinelli, S., Cortini, M., Di Fiore, T., Iervese, S., & 
Galanti, T. (2024). Bridging the Gap between 
Theoretical Learning and Practical Applica-
tion: A Qualitative Study in the Italian Edu-
cational Context. Education Sciences, 14(2). 
https://doi.org/10.3390/educsci14020198

Hamidu, M. Y., Ibrahim, A. I., & Mohammed, A. 
(2014). The Use of  Laboratory Method in 
Teaching Secondary School Students: a key 
to Improving the Quality of  Education. In-
ternational Journal of  Scientific & Engineering 
Research, 5(9), 81–86. http://www.ijser.org/

this significant correlation, the coefficient value 
of  0.376 falls within the low category, indicat-
ing that the relationship between knowledge and 
practice is not particularly strong. In other words, 
students’ knowledge of  laboratory skills does not 
fully translate into their practical performance. 
Several other factors may influence laboratory 
practice abilities, such as hands-on experience, 
motivation or the quality of  guidance provided 
during practical sessions. Robles (2023) empha-
sizes the importance of  active learning and direct 
experience in enhancing conceptual understand-
ing. Direct experiences help students integrate 
new knowledge with prior experiences, which is 
crucial for practical learning. The quality of  in-
struction and guidance provided by teachers is 
also critical for students’ success in practical ac-
tivities. Clear and directed instructions can help 
students better understand procedures and con-
cepts.

Suciati et al. (2017)    found a significant 
relationship between cognitive abilities and lab-
oratory skills (p = 0.002), with a higher r value 
of  0.477, indicating a medium correlation. Simi-
larly, Kasmawati et al. (2019) eported a signifi-
cant correlation between practical abilities and 
students’ learning outcomes, with an average 
score of  83.96. These findings suggest that prac-
tical-based learning can enhance students’ learn-
ing outcomes and improve their critical thinking 
skills. In contrast, Saman (2022) reported no 
significant relationship between students’ com-
petencies and laboratory practices (p = 0.164), 
indicating a very weak correlation (r value within 
the range of  0.00-0.25). While there is evidence 
of  a positive correlation between knowledge and 
practice in laboratory skills, it is categorized as 
low, suggesting that improvements in students’ 
knowledge do not necessarily translate into sig-
nificant enhancements in their practical abilities. 
To achieve optimal practical skills, factors such 
as hands-on experience, motivation, and the qual-
ity of  guidance must also be considered. Further 
research is needed to explore additional factors 
influencing students’ laboratory skills to enhance 
the effectiveness of  practical-based learning.

CONCLUSION
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of  students at SMAN 1 Rasau Jaya are rated as ad-
equate, with average scores of  41% in measuring, 
45% in weighing, and 43% in dilution. Weighing 
skills showed the best results, with 68.6% of  stu-
dents rated ‘very good,’ while only 8.6% excelled 
in measuring skills. Correlation tests revealed a 
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In Table 12, the infit MNSQ and outfit 
MNSQ values have improved, as they approach 

the ideal value of  1.00. The infit ZSTD and outfit 
ZSTD values indicate good item quality, as they 

Table 13. Person Reliability Data for the Mindset Aspect of  the Instrument

Total Score CNT Measure
REAL S.E INFIT OUTFIT

MNSQ ZSTD MNSQ SZTD

Mean 23.6 8.0 1.39 0.61 0.98 -0.1 1.00 -0.1

P.SD 5.1 0.0 1.36 0.31 0.79 1.2 0.78 1.2

REAL RMSE 0.68 True SD 1.18 Separation 1.73 Person Reli-
ability

0.75 0.67

S.E Of  Person Mean = 0.16

Person Raw Score-To-Measure Correlation = 0.92

Cronbach Alpha (KR-20) Person Raw Score “Test” Reliability = 0.80

Next, the person reliability values for the 
mindset aspect of  sustainability literacy are pre-
sented in Table 13. In the table, it is observed that 
the mean values for infit MNSQ and outfit MNSQ 
for the person table have improved, approaching 
the ideal value of  1.00, thereby categorizing them 
as good. The infit ZSTD and outfit ZSTD values 
in the Person Table also indicate improved qual-

ity, as they approach the ideal value of  0.00. The 
person reliability value obtained suggests that the 
consistency of  respondents’ answers falls into 
the sufficient category. The interaction between 
respondents and items, as indicated by the Cron-
bach’s alpha value of  0.80, is categorized as good 
(Sumintono & Widhiarso, 2015). 

Table 14. Item Reliability Data for the Mindset Aspect of  the Instrument

Total Score CNT Measure
REAL S.E INFIT OUTFIT

MNSQ ZSTD MNSQ SZTD

Mean 206.1 70.0 0.00 0.18 1.02 0.0 1.00 -0.1

P.SD 23.1 0.0 0.67 0.03 0.26 1.40 0.26 1.4

REAL RMSE 0.18 True SD 0.65 Separation 3.65 Item 
Reliability

0.93 0.67

S.E Of  Item Mean = 0.25

The item reliability for the mindset aspect 
of  sustainability literacy is shown in Table 14. In 
the table, it is evident that the infit MNSQ and 
outfit MNSQ values have improved, approaching 
the ideal value of  1.00. The infit ZSTD and outfit 
ZSTD values also reflect better item quality, as 
they approach the ideal value of  0.0. The item 
reliability value obtained is 0.93, indicating that 
the item quality is excellent for measuring the in-
tended construct.

An example of  a mindset aspect question 
is shown below. The item addresses the commit-
ment to respect and care for energy sources avail-
able in human life. The mindset aspect is evident 
in students’ views on the statement that excessive 
use of  fossil fuel energy will increase greenhouse 
gases on Earth, which are known to cause global 
warming and significantly impact sustainable liv-
ing (Isah, 2013).

“Excessive use of  fossil fuels will increase the concentra-
tion of  greenhouse gases in the atmosphere. 
a. Strongly agree
b. Agree
c. Slightly agree
d. Disagree
e. Strongly disagree”

Consequently, the sustainability literacy 
assessment instrument on alternative energy top-
ics is effective in measuring students’ awareness 
of  their beliefs and commitment to initiating 
environmental changes towards sustainable liv-
ing. This aligns with Décamps et al. (2017), who 
state that the concept of  sustainability is a way 
to empower students to initiate and commit to 
making decisions that build a sustainable future. 
Therefore, the sustainability literacy assessment 
instrument on the mindset aspect can effectively 
measure students’ mindsets towards sustainable 
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evaluates students’ ability to address energy-relat-
ed challenges through creativity, strategic think-
ing, and systemic analysis. Key indicators include 
proposing innovative solutions to energy crises, 
understanding the importance of  collaboration 
for systemic change, participating in energy-sav-
ing activities, and analyzing both local and global 
impacts of  energy use. This dimension measures 
students’ practical and analytical skills essential 
for tackling real-world energy issues effectively 
(Milovanovic et al., 2021).

The mindset dimension focuses on stu-
dents’ attitudes and commitment to sustainabil-
ity, such as their willingness to engage in sustain-
able practices and their confidence in initiating 
change. By measuring these attitudes, the instru-
ment provides valuable insights into how well 
students internalize sustainability concepts and 
their readiness to take action in their communi-
ties (Wang et al., 2022).

In the context of  high school physics and 
science education in Indonesia, the topic of  alter-
native energy is integrated into the curriculum as 
part of  the broader discussion on energy sources. 
Within this framework, students are introduced 
to both traditional fossil-based energy sources 
and their environmental impacts, such as contri-
butions to climate change. The curriculum also 
emphasizes the importance of  energy conserva-
tion and the utilization of  alternative (renewable) 
energy sources, which are crucial for mitigat-
ing environmental damage and promoting sus-
tainable development (Mittenzwei et al., 2019). 
Educational programs should not only improve 
knowledge but also focus on shaping attitudes 
and behaviors to foster comprehensive energy 
literacy (Cotton et al., 2015; Lee et al., 2022). 
Therefore, the development of  an assessment 
instrument that effectively measures students’ lit-
eracy of  these concepts is essential for enhancing 
the effectiveness of  physics education in address-
ing current global challenges.

Comparing these findings with previous 
studies, it becomes evident that the development 
of  sustainability literacy instruments is a criti-
cal area of  educational research. For example, 
Waltner et al. (2019) developed and validated 
an instrument to measure students’ sustainabil-
ity competencies across various topics, including 
environmental protection and resource conser-
vation. However, their study did not specifically 
address alternative energy topics, a significant 
focus of  the present research. The inclusion of  
alternative energy in this instrument aligns with 
global educational goals and fills a gap in existing 
research, particularly within the context of  devel-

living.
The validity and reliability analysis indi-

cates that the sustainability literacy assessment 
instrument on alternative energy topics is gener-
ally valid, reliable, and appropriate for use. This 
instrument helps to understand students’ sustain-
ability capabilities, encourages critical thinking, 
and increases sustainability awareness (Kuehl et 
al., 2023; Décamps et al., 2017).

Discussion
The findings from this study provide sig-

nificant insights into the development and vali-
dation of  a sustainability literacy assessment 
tool focused on alternative energy topics for 
high school students in Indonesia. The valida-
tion process, which included expert evaluations, 
readability tests, and piloting testing to students 
as internal consistency checks, has demonstrated 
the reliability and validity of  the instrument, as 
stated by Mason (2019). These results contribute 
to the growing body of  literature on sustainability 
education by offering a robust tool that is both 
contextually relevant and pedagogically sound.

A key aspect of  this study was the applica-
tion of  the Rasch Model, selected due to its sig-
nificant advantages in providing more accurate 
and reliable measurements compared to classical 
methods. The Rasch Model’s ability to transform 
raw scores into interval data allows for a more 
precise interpretation of  students’ abilities and 
the quality of  the items used in the instrument 
(Babcock & Hodge, 2020). Furthermore, the 
Rasch Model ensures that measurement results 
are invariant across different respondent groups, 
enhancing the validity and reliability of  the in-
strument (Adam et al., 2021). This is particularly 
crucial in the educational context of  developing 
countries like Indonesia, where student back-
grounds and learning environments may vary 
significantly.

A detailed analysis of  how the instrument 
measures sustainability literacy related to alterna-
tive energy was conducted by examining its three 
main dimensions: knowledge, skills, and mindset 
(Décamps et al., 2017). In the knowledge dimen-
sion, indicators include recognizing renewable 
and non-renewable energy sources, analyzing the 
global effects of  energy usage, and identifying 
individual actions for energy transition to more 
sustainable alternatives. These indicators aim to 
enhance students’ understanding of  the environ-
mental, social, and economic impacts of  energy 
choices.

For the skills dimension, the instrument 
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oping nations like Indonesia (Sutanto, 2017).
Moreover, the expert validation scores in 

this study, which categorized the instrument as 
“Very Good,” align with findings from similar 
studies that emphasize the importance of  ex-
pert feedback in refining educational tools. This 
highlights the instrument’s strength in terms of  
construction, content, and language, ensuring 
that it meets the high standards required for effec-
tive educational assessment (Kuehl et al., 2023). 
The readability test results also underscore the 
instrument’s accessibility to high school students, 
which is crucial for its successful implementa-
tion. Previous research has shown that readabil-
ity is a key factor in the effectiveness of  educa-
tional materials (Gill & Sharps, 2020). The high 
readability scores observed in this study suggest 
that the instrument is well-suited to the target au-
dience, thereby enhancing its utility in real-world 
educational settings.

The iterative process of  revising the instru-
ment based on both expert and student feedback 
also underscores the importance of  continuous 
improvement in educational research. This pro-
cess, informed by both quantitative and qualita-
tive data, ensures that the final product is both 
reliable and responsive to the needs of  its users. 
Such an approach is consistent with best practices 
in educational research, where stakeholder input 
is essential for creating effective educational tools 
(Wang & Parker, 2018).

In the specific context of  high school phys-
ics and science education, the validated instru-
ment developed in this study provides a valuable 
tool for assessing students’ sustainability literacy, 
particularly in the context of  alternative energy. 
This is critical as it supports educators in effec-
tively integrating sustainability concepts into the 
physics curriculum, thereby preparing students to 
engage with and address the energy challenges of  
the future. The instrument not only helps in eval-
uating students’ current understanding but also 
guides instructional strategies aimed at enhanc-
ing their competencies in this vital area.

Overall, this study adds to the existing 
literature by providing a validated and reliable 
instrument specifically designed to measure sus-
tainability literacy in the context of  alternative 
energy. The implications of  this research are sig-
nificant, as it provides educators with a tool that 
can be used to assess and improve students’ com-
petency of  critical sustainability issues within the 
framework of  high school physics and science ed-
ucation. Future research could explore the appli-

cation of  this instrument in different educational 
settings and its potential impact on students’ 
sustainability knowledge and behaviors, particu-
larly in line with global sustainability objectives 
(IPCC, 2021).

However, there are certain limitations to 
this study that should be acknowledged. First, 
the sample size used in this research, while ap-
propriate for the scope of  this initial validation, 
may limit the generalizability of  the findings. The 
participants were drawn from a specific group of  
high school students, and their experiences may 
not fully represent students from different educa-
tional contexts or geographic regions. A larger, 
more diverse sample would be necessary to con-
firm the instrument’s broader applicability.  

CONCLUSION 

The sustainability literacy instrument cen-
tered on alternative energy has been carefully val-
idated through expert evaluations, ensuring that 
its language, structure, and content satisfy educa-
tional requirements. A reading test was also per-
formed to ensure the clarity for students. Empiri-
cal testing, including Rasch analysis, confirmed 
the instrument’s high validity and reliability. The 
24-item measure accurately examines students’ 
knowledge, abilities, and attitudes toward sus-
tainability literacy. Rasch analysis findings dem-
onstrate great item quality, with infit and outfit 
MNSQ values near 1.00 and ZSTD values close 
to 0.00, indicating a solid model fit. Reliability 
scores for knowledge, skills, and mindset were 
0.67, 0.70, and 0.75, respectively, with item reli-
ability above 0.90 in all areas. This instrument is 
a valuable tool for testing sustainability literacy in 
high school science and physics classrooms, par-
ticularly in regard to alternative energy, and is a 
critical part for the effort of  climate change and 
energy education in general. However, more test-
ing in various educational situations is suggested 
to widen its usefulness and improve sustainability 
teaching.
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