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One of the main goals of science education is to create a young generation who has adequate scientific literacy skills. This study aims to
analyze research trends, implications of empirical research, and review and bibliometric analysis of scientific literacy in science education.
The research method used is a systematic literature review and bibliometric analysis with Biblioshiny software. Data were obtained from
SCOPUS and Web of Science (WoS) from 2014 to August 2024. The data selection process was carried out using PRISMA, with which
140 documents were obtained. The research trend of scientific literacy in science education shows an increase. Empirical research has been
carried out by countries such as the United States, the European Union, the United Kingdom, and Indonesia. Article review in science
learning towards scientific literacy has been developed using various methods. Bibliometric analysis shows three clusters of co-occurrences
including educational literacy, scientific literacy, and human. The visual representation of the scope of scientific literacy can develop along
with the development of science content and context in life. Future research can conduct empirical research that focuses on developing
learning strategies and assessments as well as conducting critical review research to optimize research on scientific literacy.
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1. Introduction

Scientific literacy has received increasing attention after the
COVID-19 pandemic. UNESCO (2020) explains nine big
ideas for building the foundations of post-pandemic educa-
tion. One of these ideas explains ensuring scientific literacy
in the education curriculum. This is also a momentum to re-
flect on the curriculum to deal with misinformation through
scientific knowledge. Moreover, scientific literacy is not just
an academic skill but an important competency that empow-
ers individuals to navigate an increasingly complex world
[1]. When individuals face various challenges such as climate
change [2], health crises [2], and technological advances [4],
the need for scientifically literate individuals becomes in-
creasingly urgent.

One of the main goals of science education is to create a
young generation who has adequate scientific literacy skills.
Various efforts have been made by academics to promote a
culture of literacy, including scientific literacy. The develop-
ment of scientific literacy has increased over several decades.
This is influenced by shifts in educational paradigms, soci-
etal needs, and the rapid expansion of scientific knowledge.
However, despite progress in the profile of prospective sci-
ence teachers who are highly motivated in their teaching [5],
evidence shows that significant gaps still exist in the level of

scientific literacy among various groups at the secondary ed-
ucation level [6] to basic education [7]. The gap in student
achievement in science learning may lie in the inequality of
standardized testing, limited response modalities, inappropri-
ate language demands, lack of authentic measures, and cul-
turally sensitive administrative conditions [8]. Improving sci-
ence learning requires flexibility with the strengths of educa-
tors and student interests [9]. This shows the urgent need for
research and targeted interventions. We believe that scientific
literacy develops along with world developments and does
not only focus on science in general but is divided into spe-
cific parts of science such as biology literacy [10,11], chem-
istry [12], physics [13], earth and space science [14]. There-
fore, scientific literacy is increasingly important in education
today to help students face the complex changes in the world
that are necessary to achieve it.

Historically, the conceptualization of scientific literacy
has undergone considerable transformation. Early definitions
primarily emphasized the acquisition of knowledge about sci-
entific facts and principles [9]. However, over time, the un-
derstanding of scientific literacy has expanded and includes
not only knowledge but also the skills and attitudes needed
for critical thinking, problem-solving, and decision-making
in scientific contexts [15]. The National Science Education
Standards (NSES) in the United States advocate a more holis-



2 A. ZAIDA ILMA, AND H. KUSWANTO

tic approach to scientific literacy, emphasizing the impor-
tance of inquiry-based learning, integration of science with
other disciplines, and the cultivation of a scientific mind-
set among students. Despite advances in educational frame-
works, several studies [16-18] show that many individuals,
including students, demonstrate a lack of proficiency in sci-
entific literacy. Assessments such as the Program for Interna-
tional Student Assessment (PISA) [19] and the National As-
sessment of Educational Progress (NAEP) [20] consistently
reveal that most students do not meet basic levels of scien-
tific literacy. These assessments highlight not only deficien-
cies in knowledge but also an inability to apply scientific rea-
soning and address scientific issues critically. The implica-
tions of these findings are far-reaching, including suggesting
that many individuals may struggle to make informed choices
about health, the environment, and technology to the point of
weakening society’s capacity to address pressing global chal-
lenges.

In addition, the need to increase scientific literacy is not
only limited to the field of formal education. The rapid spread
of information in the digital era has created an environment
where misinformation and pseudoscience can easily prolifer-
ate. In this context, the ability to critically evaluate scientific
claims and distinguish credible sources of information is es-
sential. The COVID-19 pandemic has emphasized the impor-
tance of scientific literacy in public discourse, as individuals
must navigate the abundance of information regarding health
guidelines, vaccinations, and viral transmission [21-23]. The
ability to understand and apply scientific knowledge in situa-
tions such as these are critical to personal and societal well-
being.

Given the important role of scientific literacy in culti-
vating an informed society, research efforts should focus on
identifying effective strategies for increasing scientific liter-
acy in diverse populations. This includes reviewing and ex-
ploring previous research findings regarding scientific liter-
acy research in science education. This research aims to ana-
lyze research trends, implications of empirical research, and
article review as well as bibliometric analysis of scientific lit-
eracy in science education.

2. Methods

This research uses systematic literature review (SLR) and
bibliometric analysis techniques to answer several research
questions. SLR can provide inspiration related to theme map-
ping by looking at the conceptual framework for future re-
search [24]. In addition, it aims to sharpen the information
that is to be investigated from a study [25]. Meanwhile, bib-
liometrics can display the main trends during a certain period
in a database such as Scopus or Web of Science (WOS) using
software [26,27]. The combination of both can strengthen
the findings of the review process carried out [28]. In this
study, the SLR and Bibliometrics methods will be combined
to answer the research questions.

2.1. Research questions

This research examines the findings of research conducted
from 2014 to August 2024 regarding scientific literacy in sci-
ence education. The research questions (RQ) in this research
are as follows:

RQ 1: What are the trends in scientific literacy research in sci-
ence education from 2014 to 2024 based on research
type, number of publications, scope, and level of edu-
cation?

RQ 2: What are the implications of empirical research in sci-
ence learning on scientific literacy?

RQ 3: What are the implications of article review in science
learning for scientific literacy?

RQ 4: What is the bibliometric analysis of scientific literacy
research in science learning?

2.2. Strategies for finding articles

Article reviews were obtained from the SCOPUS and Web
of Science (WoS) databases (see Table I). This review
uses PRISMA guidelines [29] (see Fig. 1). PRISMA is a
framework used to report and synthesize literature reviews
through steps 1) identifying research literature from database
searches; 2) screening articles using inclusion and exclusion
criteria; 3) assessing full-text articles for eligibility; and 4)
coding and reporting the final articles included in the review.

TABLE I. Article searching process.

Database Query or Keyword Period Articles (N)

Scopus TITLE-ABS-KEY (scientific AND literacy) AND PUBYEAR 2014-August 2024 313

> 2013 AND PUBYEAR< 2025 AND (LIMIT-TO (SUBJAREA,

“SOCI”)) AND (LIMIT-TO (EXACTKEYWORD,

“Scientific Literacy” ) ) AND (LIMIT-TO ( OA , “all”))

WoS “Scientific Literacy” 2014-August 2024 592
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FIGURE 1. PRISMA stages for selecting studies.

TABLE II. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Publication year 2014 - August 2024 < 2014 or> August 2024

Using English Not using English

Type of research article or review Apart from research articles or reviews

(proceedings or chapter books, etc.)

Discusses scientific literacy in Discussing scientific literacy outside

science education or anything relevant the context of science education or is not relevant

2.3. Inclusion and exclusion criteria

In selecting articles, inclusion and exclusion criteria were
used. This was done to avoid bias before searching for arti-
cles and to increase reliability [30]. Inclusion criteria are cri-

teria that are parameters for selecting articles to be reviewed,
while exclusion criteria are criteria that are used to eliminate
articles that do not meet the objectives of the review. The
inclusion and exclusion criteria applied in this article search
can be seen in Table II.

Rev. Mex. Fis. E22020222
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FIGURE 2. Type of document.

2.4. Data analysis

Data analysis was conducted based on research questions.
Several tools were used to perform bibliometric analysis with
Biblioshiny. The data analyzed using Biblioshiny were data
in BibTex format using the R and R Studio programs.

3. Results

3.1. Profile of studies

3.1.1. Type of document

The review was carried out on 140 articles consisting of two
types of documents, namely empirical research (81.00%) and
article review (19.00%) (see Fig. 2). This shows that scien-
tific literacy research has been widely applied in empirical
research. This research investigates the extent to which re-
search on scientific literacy, both in empirical research and
article review, has been developed. This step was taken to
find gaps in previous research to overcome these gaps.

3.1.2. Publication year

The term scientific literacy was first introduced by Paul de-
Hart Hurd in 1958 [31] and was developed with a holistic
assessment of OECD countries from 2000 to 2023, and the

FIGURE 3. Year of publication (2014-2024).

PISA 2025 framework began to be designed [19]. Based on
the results of the analysis of this article review, the develop-
ment of scientific literacy research reached its peak in 2023
and is expected to increase in 2024. As of August 2024, there
are 15 articles researching scientific literacy (see Fig. 3).

3.1.3. Scope of scientific literacy

The scope of scientific literacy shows the mapping of scien-
tific fields that are relevant to scientific literacy. Based on the
findings, there are 11 mappings including science literacy,
health literacy, energy literacy, climate literacy, environmen-
tal literacy, earth science literacy, COVID literacy, biological
literacy, chemical literacy, physics literacy, and biochemistry
literacy (see Fig. 4). We believe that aspects of scientific lit-
eracy in the PISA framework include content, context, and
competence [19]. The content is defined as the knowledge
studied in science learning. Meanwhile, context is related
to issues or problems in personal, local, and global contexts.
Competence is the center of these aspects or is an achieve-
ment that is realized in scientific literacy. However, we tried
to determine the extent to which research had developed or
investigated the topic of scientific literacy based on article
search results through screening titles and abstracts related to
the topic.

The topic of scientific literacy in general, or science lit-
eracy, is discussed the most (47.00%) while the topic of bio-
chemistry literacy and earth science literacy is still minimally
discussed (1.00%). When viewed from the scientific field
of science, biological literacy receives the highest attention
(12.00%) compared to chemical literacy (10.00%), physics
literacy (7.00%), and earth science literacy (1.00%). Topics
outside the scientific field of science focus on context aspects
such as health literacy, COVID-19 literacy, environmental lit-
eracy, energy literacy, and climate literacy (see Fig. 4). These
studies also explain aspects of competency in its application.
These findings provide opportunities for future research to
conduct research on scientific literacy in terms of holistic
content, context, and competency aspects.

FIGURE 4. Scope of scientific literacy.
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FIGURE 5. Educational level on implementation of scientific liter-
acy.

3.1.4. Educational level on implementation of scientific lit-
eracy

The application of scientific literacy at the educational level
appears diverse. Most research carried out is at the tertiary
level or targeted at students as prospective teachers. Mean-
while, research on scientific literacy at the secondary educa-
tion level (students aged 13-15 years) and basic education
(students aged 5-12 years) tends to be equivalent, but the
numbers are still superior to research at the higher education
level (students aged 16-18 years old) (see Fig. 5). What needs

to be highlighted from these findings is that the PISA assess-
ment was carried out at the age of 15 years of students or in
Indonesia the equivalent of class VIII of junior high school,
but the research still focused on preparing prospective sci-
ence teachers. This means that to develop students’ scientific
literacy, there needs to be teachers who have good scientific
literacy so that it can be applied in science learning. Apart
from that, the findings show that the application of scientific
literacy is carried out not only in formal education but also at
community colleges [32,33]. This is an opportunity to imple-
ment science, apart from formal education, but also through
non-formal education.

3.2. Trend research on empirical studies

3.2.1. Learning strategies to enhance scientific literacy

The ten strategies most widely used in research to in-
crease scientific literacy include focusing on teaching mate-
rials or media, STEM/STEAM learning, contextual learning,
problem-based learning, distance or online learning, project-
based learning, guided inquiry learning, socio-scientific is-
sues, STS or SETS or STSE learning, and authentic inquiry
learning (see Table III).

TABLE III. Learning strategies to enhance scientific literacy.

Learning Strategy % Author (Year)

Teaching Material 15.93 Fakhriyahet al. (2019); Fitria, Alwiet al. (2023) ; Guet al., (2019); Heliawatiet al. (2020, 2022);

or Media Listianingsihet al. (2021); Liuet al. (2022); Prastiwiet al. (2020); Rehorek and Dafoe (2018);

Rokhmahet al. (2017); Rubiniet al. (2018); Rusilowatiet al. (2016); Smythet al. (2022);

Stockwell (2016); Tomas and Ritchie (2015); Uslanet al. (2024); Winarni and Purwandari, (2019);

Pursitasariet al. (2019)

STEM/STEAM 7.08 Adriyawatiet al. (2020); Asiyahet al. (2024); Chamberset al. (2019); Gertneret al. (2023);

learning Herlantiet al. (2019); Rokhimawanet al. (2022); Suryantiet al. (2021); Wahyuet al. (2020)

Context-based 6.19 Cigdemogluet al. (2017); Cigdemoglu and Geban (2015); Dewiet al. (2021); Doshiet al. (2024);

approach(CBA) or K̈ahleret al. (2020); Thummathong and Thathong (2018); Tsoumaniset al. (2023)

contextual learning

Problem-based 4.42 Fitria, Malik,et al. (2023); Kristiantariet al. (2022); Paristiowatiet al.,

Learning (PBL) 2019; Parmin and Fibriana (2019); Ratiniet al. (2018)

Distance or Online 4.42 Ahiedet al. (2020); Andersonet al. (2020);

Learning Cabreja-Castilloet al. (2023); Kohenet al. (2020); Ramachandranet al. (2021)

Project-based 3.54 Auerbach and Schussler (2017); Queiruga-Dioset al. (2020);

Learning (PjBL) Sholahuddinet al. (2023); Vogelzanget al. (2020)

Guided Inquiry 3.54 Aimanet al. (2020); Buteynet al. (2019);

Learning Saefullahet al. (2017); Taylor (2020)

Socio-scientific 3.54 Bayet al. (2017); Chen and Liu (2018);

Issue (SSI) Saijaet al. (2022); Widodoet al. (2020)

STS or SETS or 3.54 Caladoet al. (2015); Herlantiet al. (2019);

STSE Learning Mahlianurrahmanet al. (2023); Ratiniet al. (2018)

Authentic Scientific 2.65 Ambrosino and Rivera (2022); Bórquez-Śanchez (2024);

Inquiry Georgiou and Kyza (2023)
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TABLE IV. Assessment for scientific literacy.

Type of Assessment % Author (Year)

Multiple-Choice 51.16 Adnanet al. (2021); Agustinaet al. (2022); Ahiedet al. (2020); Aimanet al. (2020);

Test Ambrosino and Rivera (2022); Andersonet al., (2020); Angrainiet al. (2023); Archilaet al., (2021);

Asiyahet al., (2024); Auerbach and Schussler (2017); Bahtiaret al. (2022); B́orquez-Śanchez (2024);

Buteynet al. (2019); Cabreja-Castilloet al.(2023); Chamberset al. (2019); Changet al. (2024);

Chen and Liu, (2018); Cigdemogluet al. (2017); Cigdemoglu and Geban (2015); Dewiet al. (2021);

Ekantini and Wilujeng (2018); Eymur and Çetin (2024); Fakhriyahet al. (2019); Fausanet al. (2021);

Fitria, Alwi, et al. (2023); Fitria, Malik,et al. (2023); Guet al. (2019); G̈unaydin and Başaran (2022);

Heliawatiet al. (2020, 2022); Herlantiet al., (2019); Homer and Ryder (2015); Jufridaet al. (2024);

Kähleret al. (2020); Kristiantariet al. (2022); Lestariet al. (2024); Listianingsihet al. (2021);

Liu et al. (2022); Mahlianurrahmanet al. (2023); Muzayanahet al. (2023); Pahrudinet al. (2019);

Paristiowatiet al. (2019); Podgorniket al. (2017); Ratiniet al. (2018); Rokhimawanet al. (2022);

Saefullahet al. (2017); Şahin and Ateş (2020); Shafferet al. (2019); Sholahuddinet al. (2021, 2023);

Styloset al. (2023); Súarez-Mesa and Ǵomez (2024); Subaliet al. (2023); Sultanet al. (2018);

Thummathong and Thathong (2018); Uslanet al. (2024); Vogelzanget al. (2020); Wahyuet al. (2020);

Wanget al. (2022); Widodoet al. (2020); Winarniet al. (2020); Winarni and Purwandari (2019);

Xie et al. (2023); Zhanget al. (2023); Kreheret al. (2021); Cartwrightet al.(2020); Fırat and K̈oksal (2019)

Questionnaire 20.93 Arthurs and Van Den Broeke (2016); Bayet al. (2017); Buteynet al., (2019); Coppiet al. (2024);

or Survey Georgiou and Kyza (2023); Kohenet al., (2020); Kotuĺakov́a (2019); Kristiantariet al. (2022);

Mahmudahet al. (2020); Monk and Newton (2018); Motokiet al. (2021); Panet al. (2018);

Pujawanet al. (2022); Pursitasariet al. (2019); Queiruga-Dioset al. (2020); Ramachandranet al. (2021);

Ratini et al. (2018); Rubiniet al. (2018); Saijaet al. (2022); Surplesset al. (2014); Suwonoet al. (2022);

Thummathong and Thathong (2018); Torres-Gineret al. (2022); Tsoumaniset al. (2023);

Umar and Sukarno (2022); Woodhamet al. (2016); Yanget al. (2021)

Interview 10.85 Adriyawatiet al. (2020); Allison and Goldston (2018); Bayet al. (2017); Dewiet al. (2019);

(Open-ended D́ıez-Palomaret al. (2022); Eymur and Çetin (2024); Fakhriyahet al. (2019);

question) G̈unaydin and Başaran (2022); Kohenet al. (2020); Pahrudinet al. (2019); Panet al. (2018);

Taylor (2020); Thummathong and Thathong (2018); Tomas and Ritchie (2015)

Written test 5.43 Afifaet al. (2024); Jufridaet al. (2024); Parmin and Fibriana (2019); Rehorek and Dafoe (2018);

or Essay Stockwell (2016); Thummathong and Thathong (2018), Changet al. (2024)

Portfolio 3.88 Dye (2023); Gertneret al. (2023); Goodwinet al. (2023); Prastiwiet al., (2020);

Smythet al. (2022)

Observation 3.88 Allison and Goldston (2018); Bayet al. (2017); Dewiet al. (2019); D́ıez-Palomaret al. (2022);

Doshiet al. (2024)

Textbook 2.33 Caladoet al. (2015); Rokhmahet al. (2017);

Analysis Rusilowatiet al. (2016)

Focus Group 1.55 Allison and Goldston (2018);

Discussion Buteynet al. (2019)

Apart from the learning models shown in Table III,
there are still learning models that can be integrated, such
as ethnoscience [34,35]; ethnoSTEM [36]; coaching model
[37], Qur’an-based science [38]; scaffolding [39,40]; labora-
tory courses [41-43]; reading comprehension [44]; argument-
driven inquiry [45,46]; discovery learning [47,48]; construc-

tivist learning [6,14]; scientific dialogue gatherings [49]; edu-
cation for environmentally sustainable development [50]; and
the CREATE(S) model [51]. These findings indicate that sci-
entific literacy can be integrated into various learning strate-
gies, including models, methods, approaches, and teaching
materials aimed at scientific literacy. Both become the focus
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of empirical research on the development of students’ scien-
tific literacy.

3.2.2. Assessment for assessing scientific literacy

Many studies have developed scientific literacy in various
countries with various strategies related to the type of as-
sessment used. Assessments to measure scientific literacy
based on these findings obtained seven types of assessments
including multiple-choice tests, questionnaires or surveys, in-
terviews with open-ended questions, written tests or essays,
portfolios, observation, textbook analysis and focus group
discussions (see Table IV). The most widely used assessment
is the multiple-choice test with various types of instruments
such as the Test of Scientific Literacy Skills (TOSLS), Sci-
entific Literacy Assessment (SLA), Test of Basic Scientific
Literacy (TBSL), and Scientific Literacy Test (SLT).

3.2.3. Country conducting empirical studies

Empirical research on scientific literacy has been carried
out in various countries across continents. The eight coun-
tries that conducted the most research include Indonesia
(N=48.67% United States (N=21.24%), Turkey (N=5.30%),
Taiwan (N=5%), China (N=4%), Germany (N =2.65%),
Spain (N=2.65%) and Greece (N=2.65%) (see Fig. 6) (made
up by percentages). The Indonesian government has recog-
nized the importance of scientific literacy in fostering critical
thinking and problem-solving skills among students, and en-
courages research initiatives in this area. The United States
benefits from a well-established academic infrastructure and
funding for educational research. This environment facili-
tates a wide range of research on scientific literacy, reflecting

the country’s emphasis on STEM (science, technology, engi-
neering, and mathematics) education.

Countries such as Turkey, Taiwan, and China, with less
research, may still appear on their research agendas but are
showing increasing interest in understanding and improving
scientific literacy. Apart from these countries, some countries
are starting to conduct empirical research on scientific liter-
acy, such as the United Kingdom, Portugal, Israel, Slovenia,
the Netherlands, New Zealand, Japan, England, and Slovakia
(see Fig. 6).

3.3. Trend of research on article review

Apart from empirical research, review research is also devel-
oped by various researchers to investigate the extent to which
scientific literacy has been implemented. Several methods are
used in reviewing articles such as content analysis, systematic
review, scoping review, critical review, bibliometric analysis,
thematic analysis, quantitative review, innovation essay, and
book review (see Table V).

An article review of the findings of this research was car-
ried out through document analysis from the year of publica-
tion in the 1940s [31,52] to the most recent until 2022 [53-
55]. Since the scientific literacy assessment was carried out
by PISA starting in 2000, review documents on scientific lit-
eracy have begun to develop [56,57]. Scientific literacy top-
ics develop according to the research context and issues of
existing natural phenomena, such as climate change issues
[58,59], the environment [53,60] and the COVID-19 pan-
demic also inspired research to develop COVID-19 literacy
that began in 2019 [33,61-64]. This finding supports previ-
ous findings regarding the large amount of empirical research
that has been applied in science education.

FIGURE 6. Distribution of countries developing scientific literacy.
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TABLE V. The methods used in article review.

Review Methods % Author (Year)

Systematic Review 29.63 Busch and Rajwade (2024); Istyadji and Sauqina, (2023); Kumaret al. (2024);

Mittenzweiet al., (2019); Santilĺan and Cedano (2023); Sarsaleet al., (2024);

Semilarski and Laius (2021); Torrijos-Muelaset al. (2023)

Content Analysis 29.63 Azevedo and Marques (2017); Broiettiet al. (2019); Cansiz and Cansiz (2019);

Rivera and Caceres (2014); Sarvary and Ruesch (2023); Serpaet al. (2021);

Valladares (2021); Winarni and Purwandari (2019)

Innovation Essay 11.1 Owens and Sadler (2024); Ratnayake and Ashok (2023); Rudolph (2024)

Scoping Review 7.41 Choudhryet al. (2019); Romanovaet al. (2024)

Bibliometric Analysis 7.41 Li and Guo (2021), Murniet al. (2023)

Critical Review 3.70 Guerrero and Sjöstr̈om (2024)

Thematic Analysis 3.70 Norambuena-Meléndezet al. (2023)

Quantitative Review 3.70 O’tooleet al. (2020)

Book Review 3.70 Stadtländer (2022)

FIGURE 7. Co-occurrence network analysis from output Biblioshiny.

3.4. Network analysis

3.4.1. Co-occurrence

The scientific literacy research topic is viewed from network
analysis based on BibTeX data obtained from the Scopus
database connected to several co-occurrences and three clus-
ters, namely educational literacy, scientific literacy, and hu-
man (see Fig. 7). Each cluster has keywords that describe
research developed in that cluster. The education literacy
cluster has keywords such as teaching, student, perception,
China, sustainability, learning, climate change, and curricu-
lum. In the scientific literacy cluster, there are keywords
including students, science education, decision-making, sci-
ence literacy, nature of science, engineering education, sur-
veys, and computer-aided instruction. In the human cluster,

there are keywords including trust, human experiment, arti-
cles, surveys and questionnaires, information literacy, pol-
itics, public opinion, questionnaire, science, adult, female,
child, causality, knowledge, attitude to health, aged, middle-
aged, young adult, comprehension, and communication.

3.4.2. Thematic map

We also investigated previous research using a thematic map.
Research that has developed (see Fig. 8) in the motor theme
groups emphasizes scientific literacy in science education
using the context of environmental issues. Meanwhile, in
the niche themes group, scientific literacy research devel-
ops based on public understanding or opinion viewed from
a social aspect. In the emerging or declining themes group,
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FIGURE 8. Thematic map from output Biblioshiny.

scientific literacy research is associated with motivation, so-
cial networking, computer-aided instruction, and the use of
technology. In the basic themes group, scientific literacy re-
search is still limited to improving students’ cognitive abili-
ties. These themes can still be developed in-depth concerning
the implications of teachers’ learning strategies for increas-
ing scientific literacy and the nurturing effects that can be
improved from scientific literacy in science education.

4. Discussion

The findings of this review can be summarized in a word
cloud like in Fig. 9. Various studies have been carried out
focusing on discussing literacy, specifically scientific literacy
in education. This involves human knowledge, in this case,
students and educators, by studying topics or aspects of sci-
entific literacy such as climate change, sustainability, and the
nature of science. Various strategies and assessments have
been developed in research to increase scientific literacy in
various countries.

Three aspects of scientific literacy are mapped in the find-
ings of the research that has been conducted, including con-

FIGURE 9. Word cloud of scientific literacy studies from output
Biblioshiny.

tent, context, and competency. We created a visual repre-
sentation between scopes of scientific literacy as in Fig. 10.
This pattern was inspired by Semilarski and Laius (2021) and
Azevedo and Marques (2017) articles. What differentiates
the two from the visual representation of these findings is the
relationship between content and context in scientific liter-
acy. In Semilarski and Laius (2021) research, a biological lit-
eracy model is part of scientific literacy with various aspects,
while Azevedo and Marques (2017) research correlates earth
science literacy with environmental literacy in various con-
texts such as the ocean, climate, weather, and energy literacy.
We found that scientific literacy includes science, biological,
chemical, physics, and earth science literacies. In various
scopes of scientific literacy, it is found that biological liter-

FIGURE 10. Visual representation of scientific literacy scope.
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acy is related to chemical literacy, which is known as bio-
chemical literacy. Meanwhile, outside the scope of scientific
literacy, there is still health literacy and environmental liter-
acy. Health literacy is related to biological literacy and de-
veloped to become COVID-19 literacy starting in late 2019.
Meanwhile, environmental literacy is related to climate and
energy literacy in the findings of this review. These findings
show that research on scientific literacy continues to develop
along with world developments, both in terms of content and
context for achieving the desired scientific literacy compe-
tency.

5. Conclusion

The conclusion of the first research question is that there is an
increasing trend of scientific literacy research in science ed-
ucation from 2014 to 2024 to 2023 and continues to increase
in 2024. Empirical research is more often conducted than
review research. The research applies aspects of scientific
literacy in content, context, and competency at various levels
of education, both formal and non-formal education. From
the second research question, the implications of empirical
research on scientific literacy in science learning have been
conducted by various countries such as the United States, the
European Union, the United Kingdom, and Asia, including
Indonesia. They develop learning strategies and assessments

of scientific literacy in various forms that are adjusted to the
objectives to be achieved. From the third research question,
the findings show that article reviews have been developed
in science learning towards scientific literacy using various
methods such as systematic reviews, coverage reviews, crit-
ical reviews, bibliometric analysis, thematic analysis, quan-
titative reviews, innovation essays, and book reviews. Im-
plications for science learning can be seen from the aspects
of scientific literacy emphasized in the review. Finally, the
conclusion of the fourth research question is that there are
three co-occurrence clusters from the bibliometric analysis,
namely educational literacy, scientific literacy, and human lit-
eracy. Various thematic maps are also mapped to the areas
that are the focus of scientific literacy research.

6. Further research

In the future, we can conduct empirical research that fo-
cuses on developing appropriate learning strategies and as-
sessments to measure the scientific literacy of students in sec-
ondary education, primary education, and non-formal educa-
tion. Apart from that, critical review research can also be
carried out on existing research so that improvements can be
made to optimize research on scientific literacy, especially in
science education.
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