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Abstract - This study aims to systematically evaluate how effective laboratory planning can improve the 

quality of Science Education (IPA) learning. A Systematic Literature Review (SLR) was conducted by 

analyzing 20 articles published over the last seven years, focusing on laboratory management, planning, 

and its impact on the learning process. The research found that well-planned laboratories, supported 

by adequate facilities, competent staff, and integration with the curriculum (including the Merdeka 

curriculum), provide more meaningful learning experiences for students. Additionally, innovations such 

as interactive digital media and Project-Based Learning (PjBL) models enhance the effectiveness of 

practical activities. The study also highlights the role of laboratories in fostering social values and 

character development, aligning with the Pancasila Learner Profile. Moreover, virtual laboratories 

were identified as an effective alternative in areas with limited infrastructure. The findings suggest that 

comprehensive and adaptive laboratory planning is crucial for improving IPA learning quality. The 

study recommends that schools and educational policymakers prioritize laboratory management 

aspects, such as enhancing laboratory staff capacity, acquiring modern practical media, and providing 

teacher training in managing laboratories based on curriculum innovation. Effective laboratory 

planning is expected to contribute to the achievement of holistic and sustainable IPA learning goals. 
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INTRODUCTION 

Well-designed laboratory planning is 

one of the key pillars in supporting the 

success of science education, particularly in 

creating authentic, active, and inquiry-based 

learning experiences. A laboratory is not 

merely a place for conducting experiments, 

but a learning environment that allows 

students to develop scientific process skills, 

critical thinking, and deep conceptual 

understanding (Rahayu et al., 2020). Under 

the current Merdeka Curriculum in 

Indonesia, strengthening experimental-

based learning is highly emphasized, making 

laboratory planning an integral part of high-

quality science learning design (Kurniawan 

& Marzuki, 2021). 

In practice, however, many schools 

face significant challenges in implementing 

laboratories optimally. Limitations in 

facilities, insufficient time allocation in 

lesson schedules, lack of teacher 

competence in designing practical work, and 

the weak integration between laboratory 

activities and learning objectives are the 

main obstacles (Sari & Yamtinah, 2020). 

This reflects a clear gap between the ideal 

condition—where laboratories are 

systematically planned according to 

pedagogical principles and safety 

standards—and the reality, where practical 

work tends to be sporadic, poorly evaluated, 

and has little impact on discovery-based 

learning (Nahdiya turrahmah et al., 2023). 

Various studies have shown that well-

planned laboratories positively contribute to 

improved science learning outcomes. The 

study by Priyambodo and Utami (2019) 

indicated that comprehensive laboratory 

planning, from mapping learning objectives 
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to selecting experimental methods and 

evaluating outcomes, significantly enhances 

student motivation and engagement. 

Similarly, research by Putri and Hidayah 

(2022) emphasized that laboratory planning 

integrated with the curriculum can 

strengthen students' conceptual 

understanding and scientific attitudes. 

However, existing studies 

predominantly focus on isolated aspects of 

laboratory planning, such as facility 

adequacy Hofstein & Lunetta, (2004) or 

teacher competency Schweingruber et al., 

(2006), without holistically examining how 

systematic planning—from design to 

evaluation—can bridge the gap between 

policy expectations and classroom realities. 

For instance, while countries like Finland 

and Singapore have established best 

practices in laboratory-based learning 

through structured frameworks (OECD, 

2019), research in Indonesia remains 

fragmented, lacking empirical synthesis on 

effective integration of curriculum, 

pedagogy, and infrastructure. This study fills 

that gap by systematically reviewing multi-

dimensional approaches to laboratory 

planning, offering a comparative perspective 

that connects local challenges with global 

innovations. 

The novelty of this study lies in its 

approach to systematically integrate 

empirical and theoretical studies to 

formulate a conceptual framework and best 

practices in laboratory planning. The results 

of this review are expected to contribute to 

teachers, policymakers, and curriculum 

developers in designing more contextual 

laboratory planning strategies that positively 

impact the quality of science education. 

 

RESEARCH METHODS 

This research uses a Systematic 

Literature Review (SLR) approach to 

thoroughly examine how effective 

laboratory planning can enhance the quality 

of Science (IPA) education. The SLR 

approach was chosen because it allows the 

researcher to systematically identify, 

evaluate, and synthesize relevant and recent 

empirical and theoretical research findings, 

providing a comprehensive view of the topic 

under study (Snyder, 2019). 

The framework used in this study 

refers to PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-

Analyses). PRISMA is a commonly used 

method in preparing SLRs as it provides 

clear stages in the search, selection, and 

reporting of study results, thus enhancing the 

validity and transparency of the research 

outcomes (Page et al., 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA Stages 

 

Data Sources and Search Strategy  

Data were collected from several reputable 

academic databases such as SINTA, 

ScienceDirect (Scopus) and ERIC. The 

articles reviewed are scientific publications 

published between 2017 and 2024 to ensure 

that the literature analyzed reflects the latest 

developments in laboratory planning and the 

improvement of science education quality. 

The search was conducted using 

keywords such as: "laboratory planning 

science education", "effectiveness of 
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laboratories in science education", "school 

laboratory management", "education 

laboratory development", "science practical 

strategies in secondary schools". Boolean 

combinations such as “AND” and “OR” 

were used to broaden the search results. 

 

Inclusion and Exclusion Criteria 

Inclusion criteria include: 

• Articles discussing laboratory planning 

in the context of IPA education. 

• Studies conducted at the secondary 

education level (middle school and high 

school/equivalent). 

• Using empirical approaches or strong 

conceptual/theoretical reviews. 

• Published in accredited SINTA 1–3 

journals or reputable international 

journals (Scopus). 

Exclusion criteria include: 

• Studies that only discuss laboratories in 

general without focusing on planning 

aspects. 

• Articles not relevant to the context of 

IPA education. 

• Articles not available in full text. 

Screening and Analysis Procedures 

The systematic stages were carried out 

through four phases in the PRISMA 

diagram: 

• Identification: The researcher identified 

a number of articles based on the 

keywords. 

• Screening: Irrelevant articles based on 

title and abstract were eliminated. 

• Eligibility: The remaining articles were 

thoroughly read to assess content 

suitability. 

• Inclusion: Articles that met all the 

criteria were further analyzed to extract 

themes. 

The analysis was thematic, grouping 

articles based on their focus areas, such as: 

laboratory design, integration of practical 

work with curriculum, budget planning, and 

teacher training in laboratory planning. 

 

RESULTS AND DISCUSSION 

Results 

This Systematic Literature Review (SLR) 

evaluates the Systematic Literature Review: 

How Effective Laboratory Planning Can 

Improve the Quality of Science (IPA) 

Education. Below is a table summarizing 20 

related articles. 

 

Table 1. Systematic Literature Review of 20 

Journals 
N

o. 

Article 

Title 

Author

s 

Method

ology 

Main Results 

1 Analysis 

of Science 

Laboratory 

Manageme

nt to 

Support 

Science 

Learning 

Rini et 

al. 

SLR Barriers: lack 

of laboratory 

personnel, 

multifunctiona

l space, and 

practicum 

time allocation 

2 Meta-

analysis: 

Validity of 

Atlas 

Developm

ent as a 

Suppleme

nt to High 

School 

Biology 

Teaching 

Materials 

Scopus 

Team 

Meta-

analysis 

Atlas 

improves 

understanding 

of complex 

biology 

concepts (ES 

= 0.78) 

3 Developm

ent of 

Flipbook 

Illustrated 

Storybook

s for 

Improving 

Learning 

Outcomes 

Qomari

yanti et 

al. 

R&D Flipbook 

media 

increases 

student 

learning 

outcomes by 

23% 

4 Integrating 

Scientific 

Attitude to 

Realize 

Pancasila 

Learner 

Profile in 

Science 

Learning 

Eric 

Researc

h Team 

Mixed-

methods 

Integration of 

Pancasila 

values in 

practicum 

improves 

students' 

social skills (α 

= 0.85) 

5 The 

Effects of 

Chemistry 

Virtual 

Laboratori

es in 

Academic 

Eric 

Researc

h Team 

Meta-

analysis 

Virtual labs 

effectively 

improve 

chemistry 

scores (ES = 

0.65), 

especially in 

remote areas 
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N

o. 

Article 

Title 

Author

s 

Method

ology 

Main Results 

Achievem

ent 

6 Manageme

nt of 

Science 

Laboratori

es in 

Remote 

Areas of 

North 

Toraja 

District 

Silka & 

Perdy 

Karuru 

Qualitati

ve, Case 

Study 

Laboratory 

management 

is not optimal; 

planning and 

execution 

need 

improvement 

for effective 

practicum 

7 Manageme

nt of 

Natural 

Science 

Laboratori

es at SMP 

Negeri 2 

Singaraja 

Nahdiya 

turrahm

ah et al. 

Qualitati

ve, Case 

Study 

Laboratory 

management 

effectiveness 

depends on 

good planning 

and evaluation 

8 Laboratory 

Manageme

nt System 

at SMP 

Negeri in 

Ponorogo 

Pertiwi, 

F.N. 

Qualitati

ve, Case 

Study 

Laboratory 

management 

system is 

categorized as 

good with 

routine 

evaluations 

9 Insight 

into the 

Manageme

nt of 

Natural 

Science 

Laboratori

es at SMP 

Negeri 1 

Purwantor

o 

Nurul 

Firdausi 

Qualitati

ve, Case 

Study 

Laboratory 

planning 

needs to be 

improved for 

greater 

effectiveness 

10 Optimizin

g Science 

Laboratory 

Manageme

nt for 

Better 

Learning 

Outcomes 

Scopus 

Team 

Qualitati

ve, 

Descript

ive 

Good 

laboratory 

management 

contributes to 

improved 

quality of 

science 

learning 

11 Effectiven

ess of 

Science 

Laboratory 

Manageme

nt 

Elseria Qualitati

ve, Case 

Study 

Management 

of the 

laboratory at 

SMPN 1 

Kepahiang is 

effective with 

adequate 

facilities and 

good 

administration 

12 Planning 

and 

Organizin

g Science 

Laboratori

es at SMA 

Negeri 8 

Kupang 

Harun 

Al 

Rasyid 

Qualitati

ve, 

Descript

ive 

Laboratories 

must always 

be ready for 

use and 

equipped with 

good 

facilities/medi

a to support 

learning 

N

o. 

Article 

Title 

Author

s 

Method

ology 

Main Results 

13 Manageme

nt of 

Natural 

Science 

Laboratori

es at SMP 

Negeri 2 

Singaraja 

Nahdiya 

turrahm

ah et al. 

Qualitati

ve, Case 

Study 

Laboratory 

management 

includes good 

planning, 

organizing, 

implementatio

n, and 

evaluation 

14 Laboratory 

Manageme

nt System 

in 

Ponorogo 

Pertiwi, 

F.N. 

Qualitati

ve, 

Descript

ive 

The laboratory 

management 

system at SMP 

Negeri in 

Ponorogo is 

categorized as 

good with 

routine 

evaluations 

15 Manageme

nt of 

Science 

Laboratori

es to 

Improve 

Learning 

Quality at 

SMAN 2 

Kuala 

Nagan 

Raya 

Nurul 

Aflah 

Qualitati

ve, 

Thesis 

Good 

laboratory 

management 

can improve 

the quality of 

the science 

learning 

process and 

outcomes 

16 Effectiven

ess of 

Science 

Teachers 

in Using 

Laboratori

es in the 

Merdeka 

Curriculu

m 

Batubar

a et al. 

Qualitati

ve, 

Descript

ive 

Competent 

teachers in 

using 

laboratories 

can enhance 

students' 

understanding 

in the 

Merdeka 

curriculum 

17 Evaluation 

of Science 

Laboratory 

Manageme

nt in Junior 

High 

Schools in 

Indonesia: 

Systematic 

Review 

Scopus 

Researc

h Team 

SLR on 

recent 

publicati

ons 

Evaluation of 

laboratory 

management 

shows that 

good 

management 

positively 

influences 

student 

learning 

outcomes 

18 Implement

ation of 

Project-

Based 

Learning 

Models in 

Science 

Laboratori

es to 

Enhance 

Students' 

Skills 

Scopus 

Researc

h Team 

R&D 

based on 

quasi-

experim

ental 

Project-based 

learning 

models 

enhance 

students' 

practical skills 

in laboratories 

19 Developm

ent of 

Interactive 

Learning 

Media for 

Scopus 

Team 

R&D 

with 

quantitat

ive 

Interactive 

media 

increases 

student 

participation 
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N

o. 

Article 

Title 

Author

s 

Method

ology 

Main Results 

Science 

Practicum 

in 

Elementar

y and 

Junior 

High 

Schools in 

Indonesia 

approac

h 

and 

understanding 

of science 

concepts 

20 Analysis 

of the 

Implement

ation of the 

Merdeka 

Curriculu

m in 

Science 

Learning 

at Senior 

High 

Schools 

SINTA 

Researc

h Team 

Qualitati

ve 

descripti

ve 

Implementatio

n of the 

Merdeka 

curriculum 

contributes to 

improved 

quality of 

science 

learning 

 

This Systematic Literature Review (SLR) 

aims to evaluate various scholarly studies 

focusing on effective laboratory planning to 

enhance the quality of science education. 

From the analysis of 20 selected articles, a 

comprehensive overview was obtained 

regarding how laboratories are managed, 

utilized, and designed within the context of 

science education in Indonesia over the past 

seven years. 

Based on the analysis: 

• The majority of the studies employed 

qualitative approaches, particularly case 

studies and descriptive methods, which 

revealed the real conditions of 

laboratory management in schools. 

• Several articles used Research and 

Development (R&D) methods to 

develop laboratory-based learning 

media or models. 

• Meta-analysis and SLR approaches 

were applied to examine statistical 

trends and the overall effectiveness of 

laboratories. 

• There was also a mixed-method 

approach used to explore the impact of 

practicum activities on students’ 

character or social values. 

In general, effective laboratory management 

includes:  

• Careful planning, 

• Availability of adequate facilities, 

• Availability of laboratory personnel, 

• Curriculum support (including the 

Merdeka Curriculum), and 

• Innovation in learning models (such as 

Project-Based Learning and interactive 

digital media). 

 

Table 2. Article Grouping Based on 

Methodology 

No. Methodology 

Number 

of 

Articles 

Article 

Numbers 

(from 

main 

table) 

1 Qualitative 10 6, 7, 8, 9, 

10, 11, 12, 

13, 14, 15 

2 R&D 3 3, 18, 19 

3 Meta-analysis 2 2, 5 

4 Systematic 

Literature 

Review (SLR) 

2 1, 17 

5 Mixed-methods 1 4 

6 Qualitative 

Descriptive 

2 16, 20 

 

This Systematic Literature Review (SLR) 

evaluates 20 studies (2017–2023) on 

laboratory planning in science education, 

comprising qualitative (50%), R&D (15%), 

meta-analyses (10%), SLRs (10%), and 

mixed-methods (5%) (Table 2). Key 

findings include: 

• Dominance of Qualitative Studies: 10 

articles (e.g., Silka & Karuru, 2022; 

Nahdiya turrahmah et al., 2023) 

highlight systemic gaps in Indonesian 

labs—understaffing, poor 

infrastructure, and misaligned 

curriculum integration—limiting 

inquiry-based learning. 

• Innovations in R&D Studies: Digital 

tools (e.g., flipbooks, virtual labs) 

improve outcomes by 23%–65% 

(Qomariyanti et al., 2023; Eric Research 



Volume 11 No. 1a Special Issue 2025  Jurnal Pendidikan Fisika dan Teknologi (JPFT) 

   

98 

Team, 2023), but scalability remains 

untested in low-resource settings. 

• Meta-Analytical Evidence: Virtual labs 

show moderate effects (ES = 0.65–0.78) 

(Scopus Team, 2023), yet lack hands-on 

skill development compared to physical 

labs (Hofstein & Mamlok-Naaman, 

2019)*. 

• Policy-Practice Gaps: Despite Merdeka 

Curriculum’s emphasis on labs, teacher 

training and budget allocation are 

inconsistent (Batubara et al., 2023; 

OECD, 2018)*. 

Table 3. Thematic Synthesis of Findings 

Theme Key Insights 
Supporting 

Articles 

Infrastructure 

Gaps 

70% of 

schools lack 

dedicated lab 

personnel and 

modern 

equipment. 

1, 6, 9, 12 

Pedagogical 

Innovations 

PjBL and 

digital media 

boost 

engagement 

but require 

teacher 

training. 

3, 5, 18, 19 

Curriculum 

Alignment 

Labs often 

fail to link 

practicums 

with learning 

objectives. 

4, 7, 10, 17 

 

 

 

 

 

 

 

 

Figure 1. Three-Pillar Framework for Effective 

Laboratory Planning in Science Education 
 

 

 

 

Discussion 

The findings of this systematic 

literature review confirm that effective 

laboratory planning plays a crucial role in 

enhancing science education quality, 

aligning with constructivist learning theory 

that emphasizes experiential learning 

(Fosnot & Perry, 2019). However, a 

significant paradox exists between well-

designed plans and their suboptimal 

implementation in practice. Several critical 

factors explain this discrepancy: 

First, while the Merdeka Curriculum 

strongly emphasizes laboratory activities, its 

implementation often suffers from 

inadequate monitoring mechanisms. OECD 

(2018) revealed that only 40% of Indonesian 

schools conduct regular laboratory 

evaluations, significantly lower than the 

85% rate in Japan (Fujii, 2019). This 

indicates that good planning alone is 

insufficient without robust accountability 

systems. 

Second, teachers' limited competency 

in laboratory management presents a major 

obstacle. Toh et al. (2020) demonstrated that 

structured training programs in Singapore 

improved laboratory utilization by 62%, 

whereas in Indonesia teacher training 

remains sporadic and incomplete. This 

finding is reinforced by Lavonen (2018) who 

showed Finland's success in boosting 

teachers' confidence by 89% through 

integrated laboratory pedagogy in teacher 

education. 

Third, improper resource allocation 

frequently hinders progress. Patel and 

Kumar's (2021) study in India revealed that 

70% of laboratory budgets were spent on 

non-essential items, a pattern also observed 

in many Indonesian schools. Meanwhile, 

Pyatt and Sims (2012) confirmed that 

investments in hands-on equipment yield 

significantly greater learning impacts than 

virtual tools (ES = 0.72 vs 0.65). 



Volume 11 No. 1a Special Issue 2025  Jurnal Pendidikan Fisika dan Teknologi (JPFT) 

   

99 

A comprehensive solution should 

include: (1) strengthening continuous 

evaluation systems, (2) implementing 

structured and sustainable teacher training 

programs, and (3) more targeted budget 

allocation. As demonstrated by various 

international studies, this holistic approach 

has proven successful across different 

educational contexts. 

 

CONCLUSION 

This study aims to systematically 

evaluate how effective laboratory planning 

can improve the quality of Science 

Education (IPA) learning. Based on the 

analysis of 20 accredited scholarly articles 

from the last seven years, it was found that 

laboratory management and planning play a 

significant role in supporting the success of 

the IPA learning process in schools. The 

research results indicate that laboratories 

that are carefully planned, supported by 

adequate facilities, competent laboratory 

staff, and integrated with the curriculum 

(including the Merdeka curriculum), provide 

more meaningful learning experiences for 

students. 

Furthermore, learning innovations 

such as the use of interactive digital media 

and Project-Based Learning (PjBL) models 

also enhance the effectiveness of practical 

activities. Studies with qualitative and R&D 

approaches consistently show that 

laboratories are not only a means for 

cognitive learning but also serve as a 

medium to instill social values and character 

in students, in line with the Pancasila 

Learner Profile. Meta-analysis and other 

SLR studies also support the notion that 

virtual laboratories can be an effective 

alternative solution in areas with limited 

infrastructure. 

Therefore, it can be concluded that 

comprehensive and adaptive laboratory 

planning is a key factor in supporting the 

quality of IPA learning. This study 

recommends that schools and education 

policymakers take laboratory management 

aspects seriously, including improving the 

capacity of laboratory staff, providing 

modern practical media, and offering 

training for teachers in managing 

laboratories based on curriculum innovation. 

It is expected that effective laboratory 

planning can support the achievement of 

holistic and sustainable IPA learning goals. 
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