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Abstract  

This Systematic Literature Review (SLR) investigates the integration of Socio-

Scientific Issues (SSI) in chemistry education to foster 21st-century skills. Using the 

PRISMA framework, 15 empirical studies published between 2020 and 2025 were 

analyzed from Google Scholar, SINTA, and Scopus. The findings indicate that SSI-

based learning significantly impacts various student competencies, with the highest 

distribution of improvement observed in Critical Thinking (38%) and Science Literacy 

(31%), followed by Argumentation (13%). Additionally, Problem Solving, Creative 

Thinking, and Higher Order Thinking Skills (HOTS) each contributed 6% to the 

reported outcomes. The integration of real-world issues, such as green chemistry and 

polymer waste, proved effective in bridging abstract chemistry concepts with social-

environmental responsibility. This study concludes that SSI serves as a vital catalyst 

for transforming chemistry pedagogy. Future research should focus on developing 

standardized assessment instruments to measure the long-term retention of these 

skills. 
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INTRODUCTION  
In order for students to be able to handle 

complex global issues, modern chemistry learn-

ing requires more than just an understanding of 

concepts but also the development of critical 

thinking skills, creativity, collaboration, commu-

nication, scientific literacy, and social respon-

sibility (Wahyuni et al., 2025). One approach that 

is widely recommended is to incorporate SSI into 

chemistry learning. Socio-scientific issues (SSI) 

are social issues rooted in science and laden with 

ethical, economic, and environmental aspects, 

such as plastic pollution, renewable energy, 

climate change, and food security (Högström et 

al., 2025). 

Various recent studies confirm that SSI-based 

learning is able to connect chemistry concepts 

with real life, thereby increasing interest, 

motivation, and relevance of learning for 

students. (Mongkau et al., 2024). This approach is 

in line with the 21st-century skills framework, 

which emphasizes contextual learning, problem 

solving, and student participation in science-

based public decision-making processes (Dewi & 

Yahdi 2025). However, despite these advance-

ments, chemistry is frequently taught using 

traditional, teacher-centered methods that rely 

heavily on rote memorization. Consequently, the 

subject is often perceived as abstract and discon-

nected from social reality (Sinambela et al., 2025), 

leaving students' 21st-century skills suboptimal 

and underdeveloped (Sinambela et al., 2025, 

Maimunah, 2025). This discrepancy highlights the 

urgent need for a systematic mapping of how SSI 

is utilized to effectively bridge this gap. 

A number of empirical studies show that the 

application of SSI in chemistry learning 

effectively improves students' critical thinking, 

argumentation, problem solving, chemistry 

literacy, and social awareness skills (Sari et al., 

2024). Various learning models such as guided 
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inquiry, problem-based learning, project-based 

learning, and real-life case contexts are used to 

integrate SSI into chemistry topics such as salt 

hydrolysis, environmental chemistry, polymers, 

and chemistry in everyday life (Mukti & 

Widjajanti, 2025). On the other hand, several 

systematic studies have emerged on SSI research 

trends in science and chemistry education, 

mapping the most frequently studied topics, 

learning models, and skill aspects, particularly 

scientific argumentation, problem solving, and 

critical thinking (Munawwarah, 2025).  

There is also a systematic review related to 

21st-century skills in general in science learning 

that highlights the role of constructivist approa-

ches (inquiry, PBL, PjBL, contextual learning) in 

improving learning achievement as well as the 

4Cs and scientific literacy, although it does not 

specifically place SSI as the main focus (Mere, 

2023)(Ahiri, 2025). The literature shows that 

studies on SSI in chemistry education and studies 

on 21st-century skills have developed rapidly in 

recent years (Purwandari et al., 2024). However, 

most systematic studies still focus on general 

trends in the use of SSI in science or chemistry 

without explicitly linking them to a comprehen-

sive framework of 21st-century skills (Dewi & 

Yahdi 2025). 

The scientific uniqueness of this article lies in 

its attempt to compile a comprehensive mapping 

that explains the 21st-century skills developed, 

the chemistry materials used, and evidence of the 

effectiveness of socio-scientific issue (SSI)-based 

chemistry learning on these skills based on recent 

publications. The need for such systematic 

mapping is crucial as previous reviews often 

focus on general trends without specific align-

ment to the 21st-century competency framework 

(Dewi & Yahdi 2025).  

Based on these identified gaps in the literature, 

this systematic literature review formulates three 

main research questions: (1) which 21st-century 

skills are the primary focus of development in SSI-

based chemistry learning research; (2) what 

chemistry materials or topics are applied to foster 

these skills; and (3) how effective is SSI-based 

chemistry learning in improving the various skill 

indicators reported in recent studies. Consistent 

with these questions, this article aims to identify 

and categorize the 21st-century skills developed 

through SSI-based learning, as well as to 

inventory the chemistry topics utilized in these 

interventions.  

The selection of this review theme is driven by 

the critical need to bridge the gap between 

abstract chemistry theory and the practical 

implementation of 21st-century skills. By 

synthesizing diverse empirical findings, this 

study offers a strategic roadmap for educators to 

transform chemistry classrooms into dynamic 

spaces for the development of global citizenship 

and scientific literacy. 

METHOD  
This study employs the Systematic Literature 

Review (SLR) method, designed to identify, eval-

uate, and interpret research findings regarding 

the implementation of Socio-Scientific Issues (SSI) 

in chemistry education and its impact on 21st-cen-

tury skills. The review follows the PRISMA 2020 

(Preferred Reporting Items for Systematic Re-

views and Meta-Analyses) protocol to ensure 

transparency and the quality of the synthesized 

results (Page et al., 2021). The selection process 

consists of four main stages: identification, screen-

ing, eligibility, and inclusion of final articles 

(Haddaway et al., 2018)(Dinter et al., 2021). This 

method was specifically chosen to identify, select, 

and analyze relevant scientific articles on the ap-

plication of SSI in chemistry learning at the Senior 

High School  

Data Collection the process begins with defin-

ing the research objectives, followed by a struc-

tured literature search conducted between No-

vember 13 and December 12, 2025, using the 

Google Scholar, Sinta, and Scopus databases. A 

combination of keywords was used, including 

“Socio-Scientific Issues,” “SSI,” “Chemistry Educa-

tion,” and “21st Century Skills.” The search was 

limited to publications released between 2020 and 

2025. This specific five-year timeframe was 

selected to capture the most recent pedagogical 

shifts in SSI implementation and to ensure the 

findings reflect the current post-pandemic 

educational landscape.  

Inclusion and Exclusion Criteria To ensure 

relevance, inclusion criteria were strictly defined 

as follows: (1) articles discussing the integration 

of SSI into chemistry learning; (2) studies focusing 

on the development of 21st-century skills; (3) pub-

lications released between 2020 and 2025; (4) re-

search samples involving High School (SMA) stu-
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dents; and (5) articles published in Sinta-accred-

ited national journals or Scopus-indexed interna-

tional journals. Conversely, articles were 

excluded if they: (1) were purely theoretical 

reviews without empirical data; (2) focused on 

tertiary education (university level); or (3) lacked 

clear instrumentation for assessing skill outcomes 

Data Analysis Abstracts were reviewed to 

capture core ideas, followed by full-text readings 

for clarification. Data extraction was facilitated 

using Microsoft Excel to organize a coding matrix. 

The coding process involved systematically 

categorizing data into smaller analytical units 

using variable elements such as research 

objectives, methods, and results (Yuendita & 

Rohaeti, 2025). A thematic analysis was then 

applied to synthesize these units.  This SLR ap-

proach is instrumental in synthesizing various 

relevant research findings to present more com-

prehensive and balanced conclusions regarding 

the influence of SSI on student competencies 

(Arham & Dimyati, 2024 ; Krath et al., 2021). After 

a multi-stage selection process, 15 articles were 

identified as eligible for final analysis. 

 
 

 

 

 

Figure 1. PRISMA Diagram of Article Screening 

RESULTS AND DISCUSSION  
Results 

This study began by searching for and 

selecting articles from national and international 

journals through specific databases. Articles were 

searched using keywords relevant to the research 

topic. Initially, 100 articles with similar themes 

were found, but after selection, only 15 articles 

were considered most relevant to the research 

needs. The selected articles focused on in-depth 

discussions of socio-scientific issues that support 

21st-century skills in chemistry learning and the 

details are shown in Table 1.

From the results, 50 articles related to 

socio-scientific issues were obtained 
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Table 1. Results of Journal Article Review 

No. Author & Year 
Socio-Scientific 

Issue (SSI) 
Chemistry Material 

Enhanced 21st 

Century 

Skills 

Key Findings 

(Impact/ 

Effectiveness) 

1. Wuri Utami Dea 

Sismawarni, 

Usman, Nur 

Hamid, Pintaka 

Kusumaningtyas 

(2020) 

The issue of 

plastic waste 

incineration and 

motor vehicle 

fuel combustion 

 

Basic Laws of 

Chemistry. 

 

higher-order 

thinking 

skills/HOTS 

 

The statistical 

analysis results show 

that the t-value = 

3.072 > t-table = 1.673 

(α= 0.05). 

 

2. Pintaka 

Kusumaningtyas

, Rezky 

Oktafiani, 

Mukhamad 

Nurhadi, Sekar 

Sulistyaningwar

ni (2020) 

The issue of 

sour fruit taste 

is linked to 

vitamin C 

content; the 

issue of lemon 

infused water 

for health; the 

issue of alkaline 

water to 

neutralize body 

acid and 

remove toxins. 

Acid–Base. 

 

Critical 

thinking 

 

The results of 

statistical analysis 

using the t-test 

(calculated value, 

3.153 > table value, 

1.66) 

 

3. Rizka Azkia, 

Teguh Wibowo 

(2024) 

Issues surroun-

ding the impact 

of fuel consum-

ption, the fire at 

the Pertamina 

Plumpang 

depot, and oil 

spills at sea. 

petroleum and the 

environment 

 

Critical 

Thinking 

 

8 students in the very 

high category and 1 

in the high category; 

average critical 

thinking skills of 

86.47%. 

 

4. Mara del Mar 

López-

Fernández, 

Francisco 

González-García, 

Antonio Joaquín 

Franco, Mariscal 

(2022) 

Plastic issues: 

high production 

and consum-

ption, limited 

fossil raw mate-

rials, low recy-

cling rates, non-

biodegradabilit

y, and micro-

plastic prob-

lems in various 

ecosystems. 

Polymer (plastic) 

 

Critical 

thinking and 

evidence-

based 

argumentatio

n 

 

Significant improve-

ment in understan-

ding of chemistry 

concepts and vision; 

correct answers about 

microplastic 

formation increased 

from 33.3% to 76.2%, 

and about the 

presence of plastic in 

the ocean from 72.2% 

to 90.5% after the 

intervention. 

5. Agung Purwanto 

, Yuli Rahmawati 

, Novia 

Rahmayanti , 

Alin Mardiah , 

Risky Amalia 

(2021) 

The issues 

raised were 

environmental 

problems 

related to water 

pollution from 

waste, acid rain, 

and the impact 

of coal mining, 

which causes 

water and soil 

to become 

acidic. 

Acids and Bases. 

 

Critical 

thinking 

 

Effectively improved 

students' critical thin-

king skills to a good 

level across all indi-

cators, with the 

strongest improve-

ment in problem 

identification and 

concept understan-

ding, accompanied 

by increased motiva-

tion and engagement 

in learning. 
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No. Author & Year 
Socio-Scientific 

Issue (SSI) 
Chemistry Material 

Enhanced 21st 

Century 

Skills 

Key Findings 

(Impact/ 

Effectiveness) 

6. Afifa 

Purwandari, 

Sukma Ayu 

Deaningtyas, 

Nur Izzah 

Faradillah, Sevi 

Anjelika 

Putrikundia, 

Oktavia Sulistina 

(2024) 

Controversial 

chemical and 

scientific issues 

such as climate 

change, bio-

fuels, petro-

leum, water 

quality, food 

coloring, and 

vaccination. 

SSI-based chemistry 

learning. 

 

Science 

Literacy 

 

Studies show that 

SSI-based chemistry 

learning improves 

students' scientific 

literacy, especially 

their ability to 

explain phenomena, 

investigate, and draw 

scientific conclusions. 

7. NurAida Afrilya, 

Neti Afrianis, 

Nurhadi (2022) 

The issue of 

adulterated 

gasoline sales 

and various 

problems 

related to petro-

leum use affect-

ing engine per-

formance, emis-

sions, and the 

environment. 

Crude oil 

 

Science 

literacy 

 

n-gain science 

literacy in the 

experimental class 

was 0.7352 (high 

category) and in the 

control class was 

0.6729 (medium), t-

count was -22.942 

with |t-count| > t-

table 2.0301 (α 0.05). 

8. Syafira 

Rachmatyah 

Ulliva, A.K. 

Prodjosantoso 

(2025) 

The issue of 

excessive salt 

and sugar 

consumption in 

daily life and its 

consequences 

for public 

health. 

 

Chemical bond 

 

Science 

literacy 

 

The MANOVA test 

and between-subjects 

test showed 

significance < 0.001 

with a practical 

contribution of 

approximately 0.441. 

9. Cahya Anggita 

Safitri, Yuli 

Hartati, Nurlaili 

(2021) 

Issues of energy 

use, heat trans-

fer in everyday 

life, and contro-

versial scientific 

issues in society; 

Thermochemistry 

 

Argumentatio

n 

 

The average pretest 

score of 45.69 (fair ca-

tegory) increased to a 

posttest score of 62.41 

(good category), with 

an N-gain of 0.30. 

10. Elsa Hanifah, 

Setiono, Gina 

Nuranti (2021) 

The impact of 

the Work From 

Home (WFH) 

policy during 

the Covid-19 

pandemic on 

the environ-

ment, such as 

increased elec-

tricity consum-

ption, CO₂ 

emissions from 

power plants, 

and increased 

plastic waste 

from online 

shopping and 

delivery. 

Environmental 

change/ 

environmental 

balance 

 

 

Problem 

solving skills 

 

The SSI model in the 

experimental class 

produced a moderate 

gain in problem-

solving skills 

(average 0.62) and 

differed significantly 

from the control class 

(gain 0.26, low 

category) based on 

the Wilcoxon test. 
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No. Author & Year 
Socio-Scientific 

Issue (SSI) 
Chemistry Material 

Enhanced 21st 

Century 

Skills 

Key Findings 

(Impact/ 

Effectiveness) 

11. Putri Nadlifah 

Tiara Nita, Ella 

Izzatin Nada 

(2024) 

Air pollution, 

global 

warming, batik 

waste in the 

context of green 

chemistry. 

 

Green Chemistry 

 

Creative 

Thinking 

 

PBL-SSI effectively 

stimulates creative 

thinking; t-test p 

0.001 and effect size 

0.708 (moderate), 

with the 

experimental class 

having a higher 

average creative 

score than the control 

class. 

12. Medina Fasya 

Salsafitri, Risa 

Rahmawati 

Sunarya, Imelda 

Helsy, Iis 

Dahriah. (2025) 

The problem of 

conventional 

petroleum-

based plastic 

waste that is 

difficult to 

decompose, and 

environmentall

y friendly 

bioplastic 

alternatives 

from 

agricultural 

waste 

(sugarcane 

bagasse). 

Green chemistry and 

biopolymers/ 

bioplastics 

 

 

 

Scientific 

argumenta-

tion 

 

The average ability to 

complete the 

worksheets reached a 

score of 91 in the 

“very good” 

category. The 

majority of oral 

arguments were at 

level 2 (claims with 

evidence), while 

written arguments 

averaged level 3 

(claims with evidence 

and weak rebuttals; 

22 out of 36 students 

were at level 3). 

13. Tania Damayanti 

Mukti & Endang 

Widjajanti L.F.X 

(2025) 

 

The use of 

KNO3 and ZA 

fertilizers in 

agriculture, the 

use of KCN fish 

poison in the 

sea, and the use 

of fluoride in 

toothpaste in 

relation to 

environmental 

and health 

impacts. 

Salt hydrolysis 

 

 

 

Chemistry 

literacy and 

Higher Order 

Learning 

Skills (HOLS) 

 

Chemistry literacy; in 

most SSI contexts, 

≥75–89% of students 

were in the fair to 

very good category, 

with the exception of 

the ZA context, 

which was still 

dominated by the 

poor category (64%). 

 

14. Aida Hajijah, 

Mariam 

Nasution, Nur 

Azizah Putri 

Hasibuan, Lelya 

Hilda, Najah 

Yousef Baroud 

(2025) 

 

Scientific social 

issues relevant 

to stoichiomet-

ry, such as 

environmental 

pollution, food 

safety, and the 

use of chemicals 

in everyday life 

(e.g., waste, 

food additives, 

energy) 

Stoichiometry 

 

Critical 

Thinking 

 

The independent t-

test showed no 

significant difference 

in the pretest (p = 

0.335 > 0.05) but there 

was a significant 

difference in the 

posttest (p = 0.027 < 

0.05). 
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No. Author & Year 
Socio-Scientific 

Issue (SSI) 
Chemistry Material 

Enhanced 21st 

Century 

Skills 

Key Findings 

(Impact/ 

Effectiveness) 

15. Dinda Nur 

Azizah, Dedi 

Irwandi, dan 

Nanda Saridewi 

(2021) 

 

The issue of 

acid rain and 

other environ-

mental prob-

lems involving 

acidic/alkaline 

substances in 

the environ-

ment 

Acid Base 

 

Science 

Literacy 

 

 

 

The results of the 

independent sample 

t-test show a sig 

value < 0.05 at a 

significance level of 

5%. 

 

 

 

Discussion 

Based on the results of the analysis of the 

reviewed articles, the range of years of 

publication of socioscientific issue-based chemis-

try learning research (SSI) shows a fairly clear 

variation. The years 2025 and 2021 are the periods 

with the number of articles relatively more than 

any other year, each contributing several articles 

to this study. This indicates that in these two 

periods there was an increase in researchers' 

attention to the application of SSI in Chemistry 

learning, along with the increasing demands for 

21st century skills development in the curriculum. 

Meanwhile, in certain years there were relatively 

fewer publications, which indicates fluctuations 

in research interest or publication limitations in 

the period, although the topic of SSI-based 

learning remains relevant and actual. 

 
Figure 2. Distribution of 21st Century Skills 

In the last five years, research on SSI-based 

chemistry learning is dominated at the SMA/MA 

level. This dominance can be attributed to the 

characteristics of learners at that level who are at 

the stage of formal cognitive development, so 

they are better equipped to understand the 

relationship between chemical concepts, social 

issues, and environmental impacts. SSI-based 

learning at this level aims not only to strengthen 

mastery of concepts, but also to train critical 

thinking skills, scientific literacy, decision 

making, and awareness of social and 

environmental problems faced by the community. 

Based on the mapping of materials used in the 

articles analyzed, it was found that acid–base 

materials and environmental chemistry were the 

topics most often integrated with socioscientific 

issues. This material is widely associated with real 

issues such as acid rain, water pollution, 

industrial waste, and environmental balance. 

Furthermore, Petroleum and energy materials, as 

well as polymers/plastics and microplastics are 

also quite dominant in use, given the high 

relevance of these issues to global problems such 

as the energy crisis, marine pollution, and plastic 

waste management.  

Other materials such as green chemistry, 

biopolymers/bioplastics, stoichio-metry, chemical 

bonding, thermochemistry, and the Basic Laws of 

chemistry appear with lower frequency, but still 

show strong potential to be developed in the 

context of SSI when associated with the right 

issues. The dominance of contextual and 

applicative materials shows that SSI-based 

chemistry learning tends to be more effectively 

applied to topics that have a direct connection 

with everyday life and community problems. 

Thus, the selection of chemicals relevant to 

socioscientific issues is an important factor in 

supporting the success of SSI-based learning to 

develop 21st century skills and form learners who 

have scientific, social, and environmental 

awareness. 

21st Century Skills Development Focus in SSI-

Based Chemistry Learning 

Based on the analysis of the 15 reviewed arti-

cles, 21st-century skills developed through SSI-

based chemistry learning can be grouped into sev-

eral main categories, including critical thinking, 
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scientific and chemical literacy, higher-order 

thinking skills (HOTS), scientific argumentation, 

creativity, and problem solving. Among these 

competencies, critical thinking and scientific liter-

acy emerge as the most dominant and consist-

ently developed skills. Studies that integrate soci-

oscientific issues such as global warming, envi-

ronmental pollution, microplastics, petroleum-re-

lated problems, and everyday health issues con-

sistently report significant improve-ments in stu-

dents’ critical thinking abilities (Utami et al., 

2020)(Purwanto et al., 2022). This finding reflects 

the inherent characteristics of SSI, which are con-

textual, controversial, and multidimen-sional, 

thereby encouraging students to analyze complex 

problems, evaluate multiple perspectives, and 

make decisions based on scientific evidence. Sim-

ilar results were reported by (Benek, 2022) who 

found that socio-scientific STEM activities signifi-

cantly enhanced students’ cognitive skills, partic-

ularly critical thinking and problem solving, as in-

dicated by statistically significant differences be-

tween pretest and posttest scores. 

In addition to cognitive skills, SSI-based chem-

istry learning also supports the develop-ment of 

Information, Media, and Technology Skills, which in-

clude information literacy, media lite-racy, and 

digital or computer technology literacy. These 

skills are essential in the context of rapid techno-

logical advancement and the abundance of infor-

mation, as they enable students to critically eval-

uate information sources, use digital media re-

sponsibly, and adapt to technological changes 

(Benek, 2022). Furthermore, SSI-based learning 

contributes to the enhancement of Life and Career 

Skills, such as flexibility and adaptability, entre-

preneurship and self-management, social and in-

tercultural competence, productivity and respon-

sibility, as well as leadership and accountability. 

Alongside critical thinking and scientific literacy, 

supporting skills such as HOTS, scientific argu-

mentation, creativity, and problem solving also 

show significant development when SSI is sys-

tematically integrated into chemistry learning, in-

dicating that SSI provides a holistic contribution 

to students’ readiness for real-life situations and 

future work environments (Sari et al., 2024) 

Chemistry Materials or Topics in SSI-Based 

Learning 

In Chemistry learning is not only teaching 

theoretical concepts and formulas but must also 

involve an understanding of social issues related 

to science. The socio-scientific issues (SSI) 

approach in chemistry learning aims to develop 

critical thinking skills, scientific thinking, 

reasoning, creative thinking, problem-solving 

and awareness of the ethical and social 

implications of science. However, the 

implementation of SSI in the context of chemistry 

education faces various challenges (Dewi & 

Yahdi, 2025). 

SLR results show that SSI-based chemistry 

learning has been applied to a variety of materials 

or chemistry topics, both on basic concepts and 

applied concepts. The most commonly used 

materials include acid–base, Petroleum, 

environmental chemistry, polymers/plastics, 

stoichiometry, chemical bonding, thermochemis-

try, Basic Laws of chemistry, green chemistry, and 

biopolymers or bioplastics. Acid-base materials 

and environmental chemistry are the most 

dominant topics because they have direct links to 

real issues such as acid rain, water pollution, 

industrial waste, and environmental balance. 

Some issues contain the concept of acid-base ma-

terial and can be explained through SSI as a learn-

ing context, such as acid rain, ocean acidification, 

global availability of clean water, water pollution, 

and food sovereignty in acidic soil. Thus, acid-

base material was chosen to be taught through the 

SSI learning context in the PBL Model to develop 

students' chemical literacy skills (Putri et al., 

2025). 

Meanwhile, Petroleum materials, polymers, 

and green chemistry are widely associated with 

sustainability issues, energy crisis, and plastic 

waste problems. This shows that contextual and 

applicative chemistry topics are easier to integrate 

with SSI to develop 21st century skills. The variety 

of materials used also indicates that the SSI 

approach is flexible and can be applied to various 

chemical concepts. Thus, the SSI is not limited to 

a specific topic, but can be adapted according to 

the characteristics of the material and the 

objectives of Skill Development to be achieved. 

The Effectiveness of SSI-Based Chemistry 

Learning Towards 21st Century Skills 

In terms of effectiveness, all reviewed articles 

report that SSI-based chemistry learning has a 

positive impact on improving students ' 21st 

century skills. The effectiveness was shown 

through various indicators, such as an increase in 
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pretest–posttest scores, n-gain values in the 

medium to high category, statistically significant 

test results, and an increase in the level of 

argumentation and the quality of problem 

solving. SSI-based learning is proven to be 

effective because it places students at the center of 

active, critical, and reflective learning. Students 

are not only required to understand chemical 

concepts, but also to relate them to social, 

environmental, and health issues, so that the 

learning process becomes more meaningful. 

Thus, SSI-based chemistry learning can be viewed 

as a relevant and potential approach in support-

ing the achievement of 21st century educational 

goals. 

CONCLUSION 
Based on the results of the Systematic 

Literature Review of 16 relevant research articles, 

it can be concluded that socioscientific issue-

based chemistry (SSI) learning has a significant 

contribution in developing the skills of 21st 

century learners. The integration of real issues 

that are contextual, multidimensional, and 

controversial has been proven to encourage 

students' cognitive involvement in greater depth, 

so that chemistry learning is not only oriented to 

mastering concepts, but also to strengthening 

high-level thinking skills. The most dominant 21st 

century skills developed through SSI-based 

learning are critical thinking and science/ 

chemistry literacy, followed by scientific argu-

mentation skills, problem solving, creativity, and 

higher-order thinking skills. The characteristics of 

SSI that require issue analysis, evaluation of 

scientific evidence, and data-based decision 

making are the main factors that support the 

development of these skills. 

In terms of Materials, Chemistry topics that are 

most often integrated with SSI are acid–base, 

environmental chemistry, Petroleum, and 

polymers/plastics, because they have a direct 

relationship with social and environmental 

problems faced by the community. This shows 

that the effectiveness of SSI-based learning is 

strongly influenced by the selection of chemicals 

that are contextual and relevant to students ' daily 

lives. Overall, socioscientific issue-based chemis-

try learning can be viewed as an effective, 

relevant, and potentially major approach in 

supporting the achievement of 21st century 

educational goals. This approach not only 

strengthens the understanding of chemical 

concepts, but also forms learners who have 

scientific awareness, critical thinking skills, and 

social and environmental responsibility. 

RECOMMENDATION  
Based on the findings in this Systematic 

Literature Review, several recommendations can 

be proposed for the development of learning and 

subsequent research. First, chemistry teachers are 

advised to integrate socioscientific issues more 

systematically in the learning process, especially 

in contextual and applicable chemistry materials, 

such as acid–base, environmental chemistry, 

Petroleum, and polymers. SSI integration needs to 

be designed through student-centered learning 

models, such as problem-based learning, project-

based learning, and inquiry, so that 21st century 

skill development can take place optimally. 

Second, the development of SSI-based 

learning tools needs to be accompanied by 

assessment instruments capable of comprehen-

sively measuring 21st century skills, not only 

limited to critical thinking and scientific literacy, 

but also includes creativity, scientific argumen-

tation, collaboration, and problem solving. This is 

important to obtain a fuller picture of the impact 

of SSI-based learning on student competence. 

Third, further research is recommended to 

expand the context of the study, both in terms of 

educational level, variety of chemicals, and 

variations of socioscientific issues raised. In 

addition, research with stronger experimental 

designs and more in-depth quantitative and 

qualitative data reporting is needed so that the 

effectiveness of SSI-based chemistry learning on 

21st century skills can be proven more 

comprehensively and sustainably. 
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