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Abstract 

Currently, the world’s science learning is being affected by COVID-19 pandemic, which requires 

researchers to address it. Researchers’ attention and concern for the theme of science learning is 

highly expected, as evidenced by the existence of publications in reputable journals. The purpose 

of this systematic literature review is to review and compare investigations of research on articles 

published by Scopus-indexed journals (published during COVID-19 pandemic: 2020-2022). The 

researchers used a “science learning” phrase in the search menu of Scopus database and 1,484 

articles were found by the researchers. Furthermore, 62 articles met the criteria to be analyzed. 

The inclusion and exclusion model used was preferred reporting items for systematic reviews and 

meta-analysis. Based on the results of the analysis, we found that in the last three years, there had 

been a decline in research on science learning. The science issues could be approached through 

quantitative, qualitative, mix-method, case study, and even development research. Marianne 

Kinnula is the author who has received the most attention in the study of science learning. 

According to the data, it is known that science learning and science education keywords are the 

most dominant keywords that used in a publication. There are 36 countries of origin for authors 

who publish articles, with the majority coming from Europe, though Indonesia has the most 

publications (Asia). Science articles are written by authors from all over the world. It was 

discovered that more articles were published as a result of collaboration. There are 69 institutions 

globally that fund science learning research and publications. We offer three perspectives on 

transformation science learning during a pandemic that can be used as a baseline and reference 

by other researchers or education policymakers. As an implication, the second and third 

perspectives from transformation that we have formulated are interesting for further study. 

Keywords: transformation perspectives, pandemic era, science learning, systematic literature 

review 

 

INTRODUCTION 

COVID-19 pandemic is affecting education all over 
the world. Millions of primary and secondary school 
students, as well as students at higher education 
institutions, are affected. (Engzell et al., 2021; 
Hammerstein et al., 2021; Russell, 2022). Particularly, 
COVID-19 pandemic affects the learning pattern 
(Coman et al., 2020; Engzell et al., 2021; Fahmalatif et al., 
2021; Gonzalez et al., 2020; Kumar et al., 2021; Pokhrel & 
Chhetri, 2021; Wilczewski et al., 2021), and science 
learning is no exception (Canovan & Fallon, 2021; 

Chadwick & McLoughlin, 2021; Macias et al., 2022; 
Matuk et al., 2021; Roth, 2022).  

Science learning needs to accustom with the demand 
of learning needs during the pandemic. Pandemic has 
generated various problems, ranging from pedagogical 
and psychological components to technical issues of 
connectivity (Abriata, 2022). Regardless, science learning 
with unique characteristics should be learned thru mind-
on and hands-on (Adam, 2022; Arifin et al., 2022; Ermila 
et al., 2022; Muhlasin et al., 2022; Nur et al., 2022; 
Nurhayatus et al., 2022; Prasetyo et al., 2022; Varisa & 
Fikri, 2022). Hence, teachers should be able to create 
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virtual, blended, and face-to-face classroom conditions 
that assist the students to maintain learning momentum 
even in crisis conditions (Wisanti et al., 2021). 

COVID-19 pandemic is a challenge for teachers, 
lecturers, the government, and those involved in 
education to take adaptive and transformative actions 
(ECLAC-UNESCO, 2020; Iivari et al., 2020; Mishra et al., 
2020; Pradhan et al., 2021; Sharif & Khavarian-Garmsir, 
2020). In the absence of detailed guidelines or pre-
configured playbooks that can guide them to produce 
the right responses, these adaptive and transformative 
actions or steps can be sporadic. When a pandemic is 
currently underway or in post-pandemic, educational 
actors must develop responses quickly (Reimers et al., 
2020), and even how to deal with the next pandemic that 
may occur in the future (Bashir et al., 2021).  

Researchers and science learning experts should also 
be responsive towards the learning challenges during a 
pandemic. A study on science learning that is in 
accordance with the needs, expectations, and the 
demand of pandemic era is needed (Gao et al., 2022; 
Reiss, 2020; Saputro et al., 2020). A study on science 
learning theme is needed to assist in discovering the 
implementation form of appropriate science learning 
and to discover the right solution to deal with the 
pandemic (Andriana et al., 2020; Apriani & Hidayat, 
2022; Harto & Misbah, 2021; Husin & Yaswinda, 2021; 
Wijayanti et al., 2021). 

Therefore, according to the results of a search on the 
Scopus database (the largest reputable journal database 
in the world) conducted in December 2022, there were 
358 publications on science learning themes in the period 
2020-2022 (out of a total of 1,484 for the all year’s 
category). These publications are required to be 
analyzed in-depth to discover the form/model of science 
learning transformation during pandemic, aside from 
examining publication trends at the time (based on 
distribution year categories, research types/methods, 
authors and keywords, author nationality and 
international collaboration, funding sponsors). One of 
techniques that is highly recommended to study and 
analyze is by means of systematic literature review 
(SLR).  

Up to this point, eight SLR-based articles about 
science learning have been discovered. There is one 
article published outside of the pandemic period (2016) 
and seven articles published during the pandemic (2020-
2022). The first SLR focused on the use of mobile apps 
for science learning, and it examined articles published 
between 2007 and 2014 (Zydney & Warner, 2016). 
Another three articles are in the form of meta-analysis, 
which are focused on digital game-based science 
learning (Tsai & Tsai, 2020), augmented reality on 
science learning (Xu et al., 2022), and mobile users’ 
pedagogical role on science learning (Shi & Kopcha, 
2022). In line with those three SLR, there are two SLR 
focused on the findings and implications of flipped 
science learning research (Chen et al., 2022), immersive 
virtual reality for science learning (Matovu et al., 2022), 
and outdoor science learning activities with the 
integration of mobile devices (Kilty & Burrows, 2020). 
Thus, it can be stated that during COVID-19 pandemic, 
no SLRs focused on transforming science learning have 
been discovered. 

Consequently, this SLR aims to review and 
investigatively compare various research on articles 
published by journals related to the theme of science 
learning and its implications in the form or model of 
transforming science learning during COVID-19 
pandemic. This SLR is expected to provide contribution 
for the study development of science learning that can 
be a reference for the researchers and the readers of this 
topic. The researchers focus on the original publication 
of the articles in relation to the theme of science learning 
and its implications in the perspectives of transformation 
of science learning during a pandemic, something that 
has never been done by other researchers so that it can 
provide a research baseline. A review of the scope of the 
information that the researchers use only includes 
research/original articles, providing an overview of the 
researchers’ focus and alignment on this theme. The 
researchers develop a perspectives science learning 
transformation during a pandemic that can serve as a 
reference for policymakers, science education and 
learning actors, and the general public in responding to 
science learning during and after a pandemic. In fact, 

Contribution to the literature 

• The researchers focus on the original publication about action competence for sustainable themes and its 
implications for environmental education for prospective science teachers, something that no other 
academics have done so that a study baseline may be provided.  

• The review of the scope of material we utilize only contains research/original publications, offering an 
overview of the researchers’ focus and alignments on this theme. The scope of information that the 
researcher use is limited to research/original articles; thus, it provides an illustration or description of the 
focus and partisanship of researchers regarding this theme.  

• The researchers formulate a form or model of science learning transformation during COVID-19 pandemic 
so that it can be used as a reference or basis for the science learning process during a pandemic and as a 
post-pandemic consideration. 
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this can be taken into consideration when dealing with 
the next pandemic, which will, of course, have an impact 
on the world of education in general and science 
learning in particular. 

METHOD 

Research Framework 

This review was an SLR in which it was an 
identification, evaluation and analysis technique of 
various existing and relevant information in the 
literature/references to answer research 
questions/problems and analyze them in depth (Snyder, 
2019; Xiao & Watson, 2019). SLR “is helpful to 
summarize the latest knowledge on a particular topic 
with a systematic and transparent method of answering 
research questions” (Husamah et al., 2022b, 2022c, 2022a, 
2022d; Kurniati et al., 2022).  

Research Question 

Determination of research question was used to 
define the scope to develop a clear focus for the study. 
This research questions were developed in response to 
the needs of the chosen topic, namely: 

1. RQ1: How are the publication trends in Scopus-
indexed journals related to the theme of “science 
learning”? 

2. RQ2: What are perspectives of science learning 
transformation during COVID-19 pandemic? 

Search Article and Inclusion Criteria 

The researchers used “science learning” keyword in 
the search menu of Scopus database. The obtained data 

were storage in the form of *CSV and *RIS; later, the data 
were synchronized into reference manager (Mendeley). 
VOS-viewer software was used to visualize the data so 
that the information presented were more 
communicative, interesting, and clearer. The search 
histories on Scopus were, as follows: “TITLE (“science 
learning”) AND (LIMIT TO (PUBYEAR, 2022) OR 
LIMIT-TO (PUBYEAR, 2021) OR LIMIT TO (PUBYEAR, 
2020)) AND (LIMIT-TO (OA, “all”)) AND (LIMIT-TO 
(DOCTYPE, “ar”)) AND (LIMIT-TO (PUBSTAGE, 
“final”)) AND (LIMIT-TO (SUBJAREA, “SOCI”)) AND 
(LIMIT-TO (LANGUAGE, “English”))”. The researchers 
found 1,484 articles using these search terms and 
patterns. The researchers used preferred reporting items 
for systematic reviews and meta-analysis (PRISMA) 
model to conduct an inclusion and exclusion. This model 
referred to Gallagher et al. (2016) and it was also used by 
Husamah et al. (2022). The following crucial points 
became the basis of inclusion criteria that used in this 
SLR, namely  

(1) articles published in January 2020 to September 
2022 (during COVID-19 pandemic),  

(2) only open access articles,  

(3) publications include original research articles,  

(4) the subject area of the article is social sciences, and  

(5) articles published in English and only articles 
related to “science learning” research.  

 Figure 1 depicted the order of inclusion and 
exclusion that the researchers used.  

According to Figure 1, it was known that the 
researchers found 1,484 articles in the initial search. 
Subsequently, the researchers only took out the articles 
that published in 2020 to 2022. There were 358 articles 

 
Figure 1. SLR flow diagram (PRISMA flow diagram for SLR detailing database searches, number of abstracts screened, & 
full texts retrieved) (Result of PRISMA process) 
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that met the criteria, resulting in the exclusion of 1,126 
articles.  

Furthermore, the researchers used open access article 
criteria. There were 200 articles that met the criteria, 
resulting in the exclusion of 158 articles. The researchers 
only used research article/original articles and there are 
105 articles that meet the criteria using these criteria. 
There were 95 articles that were not included. Thereafter, 
the researchers used inclusion criteria in the field of 
science or subject area of “social science”.  

There were 81 articles that met the criteria, resulting 
in the exclusion of 24 articles. Subjects such as 
psychology, computer science, arts and humanities, 
engineering, agricultural and biological sciences, 
biochemistry, genetics and molecular biology, health 
professions, environmental science, and mathematics 
are declined by the researchers. In the final phase, the 
researchers re-examined the existing articles to ensure 
that the articles were consistent with the themes 
discussed, ensured the full texts were accessible, and the 
articles were published in English. Departing from the 
circumstances, the researchers found 62 articles that 
were corresponding or met the criteria, resulting in the 
exclusion of 19 articles.  

RESULTS  

Publication Trend of Science Learning Theme 

Distribution year 

Distribution year shows the number of articles 
published annually during COVID-19 pandemic, from 
2020 to 2022. Figure 2 represents the annual number of 
articles published from 2020 to 2022. 

According to Figure 2, the highest number of 
publications on science learning themes occurred in 2020 
and 2021, namely 26 articles, which corresponded to the 
beginning and peak of COVID-19 pandemic. Only 10 
articles were discovered in 2022. As a result, there has 
been a downward trend in research on science learning 
over the last year. However, given that this data search 
was conducted in early October 2022, it is very possible 
that the science learning theme will grow. The number 
of science learning theme articles published and 
recorded in the Scopus database in October to December 
2022 is very likely to increase.  

Research types/methods 

The trend of types of research related to “science 
learning” themes is presented in Table 1.  

A study on science learning is more dominant to be 
conducted by using a quantitative approach (38 articles). 
There are also several qualitative studies, with a total of 
20 articles. This proves that the issue of science learning 
can be approached using both quantitative and 
qualitative approaches. As a result, some researchers are 
interested in employing the mix-method (two articles). 
Another intriguing trend is the approach to science 
learning through case studies. 

 
Figure 2. Distribution year of article (Source: Authors’ own 
elaboration) 

Table 1. Types of research on science learning themes 

No Type of research Amount References 

1 Quantitative 38 Atmojo et al. (2020), Brookes et al. (2021), Chand et al. (2021), Chang et al. (2021), Darmawan 
et al. (2020), de Jong et al. (2021), Gandomkar et al. (2020), Gerard et al. (2022), Gilligan et al. 
(2020), Gray et al. (2021), Heinimäki et al. (2021), Herianto and Wilujeng (2021), Herodotou 
et al. (2022), Hugerat et al. (2020), Iiskala et al. (2021), Inkinen et al. (2020), Janprasert et al. 

(2020), Jeno et al. (2020), Jeong et al. (2021), Kim (2020), Koretsky et al. (2021), Kurniawan et 
al. (2022), Lee et al. (2021), Lundgren et al. (2022), Membiela et al. (2022), Nida et al. (2021), 

Nurhayati et al. (2022), Nusantari et al. (2020), Pande et al. (2021), Shana and Alwaely (2021), 
Skarstein and Ugelstad (2020), Studhalter et al. (2021), Sulistioning et al. (2020), Telenius et 

al. (2020), Tisza et al. (2020), Wang et al. (2020), Yakob et al. (2021), and Zorlu and Zorlu 
(2021) 

2 Qualitative 20 Acharya et al. (2022), Archer et al. (2021), Barton et al. (2021), Chen et al. (2020), Christidou et 
al. (2022), Dawson et al. (2020), Durall et al. (2021), Gouvea (2021), Heinimäki et al. (2020), 

Hite (2022), Kervinen et al. (2020), Marshall and Conana (2021), Martins-Loução et al. (2020), 
Opere (2021), Outhwaite et al. (2022), Pierson et al. (2021), Rahmawati et al. (2020), Roberts 

(2021), Siry and Gorges (2020), and Zidny et al. (2021) 
3 Mix-method 2 Bae and Lai (2020) and Hanif (2020) 
4 Case study 2 Campbell and Speldewinde (2020) and Ryane and El Faddouli (2020) 
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Author and keywords 

According to Figure 3, the most references are D. 
Christidou, G. Tisza, S. Papavlasopoulou, N. Iivari, I. 
Voulgari, and M. Kinnula. Figure 3 also depicts the 
VOSViewer output, which includes the linking name 
and author, M. Kinnula. These names can be said to be 
interrelated, collaborating, or quoting, with M. Kinnula 
as the main reference. M. Kinnula is the author who has 
received the most attention in the study of science 
learning. M. Kinnula is a researcher in the field of science 
learning who is frequently cited by other researchers. 

Figure 4 presents the keywords trend that often used 
by the authors in writing a science learning theme. Based 
on Figure 4, there are two main keywords that the most 
frequently occurring and interrelated, namely science 
learning and science education. The keyword of science 
learning is associated with performance assessment, 

inquiry learning, collaborative learning, and motivation. 
The theme of science learning is interesting since it is 
related to university students and higher education. 
Meanwhile, science education is related to curriculum 
and STEM. It is also important to note that the science 
education theme is related to climate change (part of the 
theme in environmental education). 

Author’s nationality and international collaboration 

The trend of author’s nationality of research related 
to “science learning” themes are presented in Table 2. 
According to Table 2, there are 36 countries where the 
author comes from. If expressed as a percentage, the 
estimate is 18.65% of the world’s total 193 countries. The 
five countries with the most publications on science 
learning themes are Indonesia (19 articles), the USA (18 
articles), Finland (11 articles), the UK (eight articles), and 
Australia (six articles). Based on continents, Europe has 
the most authors who publish on science learning 

 
Figure 3. Dominant author and the relationship between 
authors in the theme of action competence (Source: 
Authors’ own elaboration using VOSviewer software) 

 
Figure 4. VOS-viewer display for type of analysis “co-
occurrence→keywords” (Source: Authors’ own elaboration 
using VOSviewer software) 

Table 2. Author’s nationality & continental on science 
learning themes 

No Country Continent Amount 

1 the USA America 18 

2 Indonesia Asia 16 

3 Finland Europe 11 

4 the UK Europe 8 

5 Australia Australia-Oceania 6 

6 Germany Europe 5 
7 Spain Europe 5 
8 Norway Europe 4 
9 Taiwan Asia 4 
10 Ireland Europe 3 
11 Netherlands Europe 3 
12 Canada America 2 
13 Estonia Europe 2 
14 Malta Europe 2 
15 Portugal Europe 2 
16 South Africa Africa 2 
17 Switzerland Europe 2 
18 Turkey Europe 2 
19 Belgium Europe 1 
20 Brazil America 1 
21 China Asia 1 
22 Cyprus Europe 1 
23 Denmark Europe 1 
24 France Europe 1 
25 Greece Europe 1 
26 India Asia 1 
27 Iran Asia 1 
28 Israel Europe 1 
29 Kenya Africa 1 
30 Luxembourg Europe 1 
31 Morocco Africa 1 
32 Nepal Asia 1 
33 New Zealand Australia-Oceania 1 
34 South Korea Asia 1 
35 Thailand Asia 1 
36 United Arab Emirates Asia 1 
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(48.70%) and followed by Asia at 26.96% and America at 
18.26%.  

Meantime, Australia-Oceania has a percentage of 
6.09% and Africa has a percentage of 2.61%. The fact that 
articles about science learning during a pandemic were 
written by authors from all continents is intriguing, 
demonstrating the urgency of this theme, which 
deserves global attention. 

Figure 5 indicates a collaboration in the article 
publication conducted by the authors, both cross-
country collaboration, collaboration between 
universities within one country, and those that do not 
collaborate. Meanwhile, Figure 6 is an illustration about 
distribution of scientist collaboration. 

According to Figure 5, there are more articles 
published with collaboration status in one country (as 
many as 22 articles, or 35.48%). In fact, if we combine 
international collaboration (20 articles or 32.26%) and 
collaboration within a country, we can assume that the 
majority of the articles (42 articles or 67.74%) are written 
and published using a collaboration system. If we 
examine the 62 articles discovered (shown in Figure 6), 
we can conclude that articles written independently are 
uncommon (single author). Despite the fact that the 
articles are only written by authors from one university, 

it appears that they collaborate across disciplines by 
joining one research institute (research unit) at the 
university. Only six articles (10%) have been written 
independently/by a single author.  

Funding sponsor 

The trend of funding sponsor of research related to 
“science learning” themes are presented in Table 3. 
According to Table 3, there are 69 organizations or 
institutions around the world that fund research and 
publications about science learning. The National 
Science Foundation is the institution that provides the 
most funding. Several other organizations/institutions 
support each of the four studies/publications, namely 
Australian Research Council, European Commission, 
European Commission, and Horizon 2020 Framework 
Program. There are three other organizations or 
institutions, which fund two-three research or 
publications, and there are six organizations or 
institutions, which fund each research or publication.  

Table 3 also presents that there are 49 funding 
sponsors in which each institution funds one research or 
article. It can be stated that most of the publications have 
complied with one of the ethics in publication, which is 

 
Figure 5. Author collaboration in writing articles (Source: 
Authors’ own elaboration) 

 
Figure 6. Distribution of scientist collaboration (Source: 
Authors’ own elaboration) 

Table 3. Funding sponsor science learning themes 

No Funding sponsor Amount 

1 National Science Foundation 11 
2 Australian Research Council 4 
3 European Commission 4 
4 Horizon 2020 Framework Program 4 
5 Academy of Finland 3 
6 Ministry of Science and Technology, Taiwan 3 
7 Welcome Trust 3 
8 Department of Education and Training 2 
9 Economic and Social Research Council 2 
10 Islamic Development Bank 2 
11 National Taiwan Normal University 2 
12 Research Executive Agency 2 
13 Suomen Akatemia [Academy of Finland] 2 
14-62 There are 49 funding sponsors, each of which funds one research/article  
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to clearly state the names of organizations or institutions 
that fund their research and publications. 

Perspectives of Science Learning 

We have reviewed 62 articles in order to develop 
perspectives for transforming science learning during 
COVID-19 pandemic. According to Table 4, the results 

can formulate 11 things related to the transformation of 
science during a pandemic. Eleven formulations can be 
classified into three types of transformation: 
philosophical basic transformation before learning, 
transformation in science learning process, and 
transformation in learning assessment and evaluation. 

Table 4. Important information for each article 
No Contribution of each reference CWT TT 

1 Urgency of science learning partnerships (Outhwaite et al., 2022), science initiative 
(Gray et al., 2021), collaborative science (Heinimäki et al., 2020, 2021; Iiskala et al., 

2021) to encourage availability of multimodality & new materialism in science 
learning (Marshall & Conana, 2021) 

Need for science 
learning partnerships & 

initiatives & 
collaboration in 

encouraging new 
materialism in science 

learning 

Philosophical 
basic 

transformation 
before learning 

2 Implementation of science, particularly for children, can also be conducted 
informally or non-formally (Archer et al., 2021; Durall et al., 2021; Tisza et al., 

2020); for instance, by using ‘bush kinder’ approach (Campbell & Speldewinde, 
2020), follow leader technique (Roberts, 2021) & teacher talk (Studhalter et al., 

2021), & need to see aspect of disruptive moments (Barton et al., 2021). In 
particular, social media can be used for informal science learning (Lundgren et al., 

2022). Obstacles & challenges also need to be identified (Christidou et al., 2022) 

Forms of implementing 
science learning: 

formal, informal, & 
non-formal 

3 Integrated urgency (Suraiya et al., 2020) & science learning spaces need to reduce 
social/gender inequality (Dawson et al., 2020), social positioning (Brookes et al., 

2021), ethnopedagogy (Rahmawati et al., 2020), environmentally-based (Nusantari 
et al., 2020), climate change awareness (Jeong et al., 2021), indigenous science 

(Zidny et al., 2021), socio-scientific issues-based (Nida, Mustikasari, et al., 2021), 
life-based experiential learning (Acharya et al., 2022), religion & culture on student 
attitudes (Kurniawan et al., 2022), & should concern on political issues/identities 

(Gouvea, 2021) 

Gender equality, local 
wisdom, life-based, 

socio-scientific, political 
issues/identities, 

religion, & even climate 
change must be 

addressed in science 
learning. 

4 Urgency of constructivist learning environment (Chand et al., 2021), inquiry-based 
(Martins-Loução et al., 2020) & digital inquiry-based (de Jong et al., 2021) 

Constructivist theories 
can be applied to 
science learning. 

Transformation 
in process of 

science 
learning 5 Urgency of didactic games in teaching science for young learners is needed 

(Hugerat et al., 2020) & need of daily exercise (Gilligan et al., 2020) or even 
everyday experiences (Kervinen et al., 2020). 

Practice-based science 
learning & fun 

6 Student meaning making & interest maintenance (Siry & Gorges, 2020; Wang et 
al., 2020); need of self-regulated learning & self-awareness during COVID-19 

(Atmojo et al., 2020); & 21st century skills & self-efficacy (Zorlu & Zorlu, 2021), 
students’ emotional level & friendship in science learning (Kim, 2020), spatial 

abilities (Chen et al., 2020), student engagement (Bae & Lai, 2020; Lee et al., 2021; 
Pierson et al., 2021), students’ situational engagement (Inkinen et al., 2020), & 

productive disciplinary engagement (Koretsky et al., 2021; Membiela et al., 2022). 

Science learning needs 
to pay attention to 
students’ self (self-

regulated, self-
awareness, self-

efficacy, & student 
engagement) 

7 Fun in learning, interest in learning time, social implications, scientific normality 
for science learning (Sulistioning et al., 2020), & outdoor learning (Skarstein & 

Ugelstad, 2020) 

Learning should not 
only be in classroom 

8 Necessity of media literacy (Anwar et al., 2020) that is embodied in the form of 
science learning framework online (Opere, 2021), online community (Herodotou et 
al., 2022), flipped classroom (Shana & Alwaely, 2021), open educational resources 
(Gerard et al., 2022), use of multimedia (Herianto & Wilujeng, 2021), virtual reality 

understanding (Hite, 2022), virtual science learning (Telenius et al., 2020), using 
Edmodo (Ryane & El Faddouli, 2020), animated videos (Nurhayati et al., 2022), 

motion graphic animation videos (Hanif, 2020), mobile science learning (Chang et 
al., 2021; Jeno et al., 2020)., VR simulations (Pande et al., 2021) 

Science learning media 
must be technologically 

advanced 

9 

10 Urgency of cognitive assessment techniques (Darmawan et al., 2020), multiple 
self-regulated learning measures (Gandomkar et al., 2020), & performance 

assessment (Yakob et al., 2021). 

Transformation in 
assessment 

Transformation 
in learning 

assessment & 
evaluation 11 Urgency severity & leniency effects on alignment evaluation (Janprasert et al., 

2020) 
Necessity to consider 

evaluation system used 

Note. CWT: Connection with transformation & TT: Type of transformation 
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DISCUSSION 

Publication Trend of Science Learning Theme 

Distribution year 

There is a downward trend in research about science 
learning on one last year. But numbers of publication in 
2020 and 2021 are stable/fixed; there are 26 articles. 
Particularly in 2022, there is also a downward trend, yet, 
it can be said that the data are not final since the 
publication process is still ongoing, and it is very likely 
that the number of science learning publications in 2022 
will increase because many articles have not yet been 
included in the Scopus database. Given that 2020 was the 
start of a pandemic and 2021 is the peak of a pandemic, 
large number of publications on science learning themes 
in 2020 is very reasonable. The world of education, 
including science education, is attempting to adapt to 
COVID-19 pandemic’s problems. Science learning 
innovations and studies have sprung up in an attempt to 
survive COVID-19 crisis/pandemic (Erduran, 2020b; 
Schleicher, 2020). Science learning should be flexible so 
it can survive and keep going (Anderton et al., 2021). 

Research types/methods 

A study on science learning is more dominant to be 
carried out by using quantitative approach. There are 
also a lot of qualitative studies. Quantitative and 
qualitative research paradigms can be used to approach 
science learning and science education. This type of 
research has an urgency to introduce educators and 
researchers to the most recent articles of interest in the 
context of science learning (Eddy, 2019). In a broader 
context, science education is a multi-faceted effort, 
including creating learning materials, preparing 
teachers, and conducting research on science learning 
(Porfolio et al., 2022). A study on science education is an 
effort to look for principal articulation and practice in 
which it is used by the researchers to make a valid claim 
about the world and their criticism about the claim. This 
type of research is significant since it brings these 
principles and practices to the attention of the scientific 
community, allowing them to be considered, debated, 
assessed, and accepted, rejected, or reframed. What 
matters is that these principles and practices continue to 
evolve in ways that allow our knowledge in the field to 
evolve (Nichols & Nielsen, 2022). 

The studies can reveal major transformations in 
learning research and provide evidence of how science 
can inform innovation in regulatory design, policy, 
practice, and research to improve learners’ lifelines, 
opportunities, and prosperity. It will undoubtedly be an 
invaluable and one-of-a-kind resource for 
understanding the basis and status of new knowledge, 
as well as a roadmap for progress that will frame 
advances in science learning (Cantor & Osher, 2021). It 

aims to improve students’ and researchers’ knowledge 
and skills so that they can conduct a variety of 
quantitative and qualitative studies aimed at improving 
science teaching and learning in educational institutions 
and other educational settings (Sherman & Webb, 2005; 
Schulze, 2003).  

Issues in science learning can be approached thru a 
quantitative and even qualitative or a combination of the 
two (mix-method). In this regard, the purpose of science 
learning research is to discover the truth through a 
combination of reasoning and experience. A different 
research approach, based on the collection and analysis 
of data used at a specific time, is required to find the right 
learning method. Although qualitative and quantitative 
research methods are on different scales, they both aim 
to identify educational problems in different approaches 
(Daniel, 2016). The combination of the two methods will 
provide an illustration of implication for school and class 
practices for emerging consensus about science learning 
and science development, which is outlined in current 
research synthesis (Darling-Hammond et al., 2020). 

In other cases, science learning trend can be 
approached using a development. Development 
research in science education is required to develop 
innovative and up to date learning material and 
pedagogical model and its implementation as well, 
teacher professional development and research on 
teaching and science learning as a long-term ongoing 
activity that informs and guides every researcher 
through an interactive spiral cycle. Those activities are 
arranged, guided, and tested using highest academic 
standard, use and improve existing theoretical and 
methodological frameworks, or develop new paradigms 
and findings, in order to advance science learning as an 
academic discipline and improve the quality and 
effectiveness of science learning at the educational 
institution level (Porfolio et al., 2022). 

Science learning can be approached by using a case 
study. A case study is a historical context with a single 
unifying idea that is designed in accordance with 
guidelines for writing large context problems. An 
international team of historians, scientists, and teachers 
must conduct case studies that are modular, testable, 
and push science beyond textbooks (so that they can fit 
into or be part of the curriculum) (Stinner et al., 2003). A 
case study of science learning in undergraduate 
programs began decades ago. Nowadays, thousands of 
teachers used this method and there is main web site to 
post hundreds of cases study and teaching records 
across all STEM disciplines, particularly biology. This 
method is chosen since there is strong evidence to 
suggest that it is superior to other approaches (Herreid, 
2011). A case study can be utilized in any discipline, 
including science; when the teachers want the students 
to explore what they have learned applies to real-world 
situations. Cases, on the other hand, can range from 
simple to complex (Dunne & Brooks, 2004).  
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Author and keywords 

Marianne Kinnula is an author who is a “central 
figure” in science learning studies during 2020-2022. The 
articles she has published are widely cited by other 
authors in this field. Marianne Kinnula is an Associate 
Professor at Finland’s University of Oulu. According to 
a Google Scholar search, he published 43 articles in 
scientific journals and proceedings between 2020 and 
2022. He can be the first author, the corresponding 
author, or a member of the authors’ group. According to 
the Scopus database, he has published 81 papers, been 
cited 657 times, and has an h-index of 15. There are 32 
articles generated by Marianne Kinnula during 
pandemic. There are six publications in which he serves 
as lead author (Kinnula et al., 2020a, 2020b, 2021, 2022; 
Kinnula & Iivari, 2021). Marianne Kinnula colors science 
learning publications all over the world since he has so 
many publications.  

According to the data, the keywords science learning 
and science education are frequently used in 
publications. Science learning is associated with 
performance assessment, inquiry learning, collaborative 
learning, and motivation. Even decades ago, some 
experts linked science learning and performance 
assessment (Kind, 1999; Okey, 1995; Shavelson et al., 
1991). During pandemic, science learning is also still a 
concern by the researchers (Yakob et al., 2021). 
Moreover, science learning is also related to inquiry 
learning. For instance, researchers postulate the 
importance of applying inquiry learning methods to 
develop students’ generic science skills (Hastuti et al., 
2018; Razali et al., 2020; Widowati et al., 2017).  

During pandemic, the researchers emphasize the 
importance of linking generic science skills with inquiry 
learning (Khoiri et al., 2020) and even the linking 
between Inquiry-based learning and e-learning to serve 
the students’ science learning processes with a high level 
and low achievers (Sotiriou et al., 2020). Meanwhile, the 
science learning research is also related to collaborative 
learning. During pandemic era, the researchers connects 
the science learning and collaborative learning 
particularly in the online learning context (McCollum, 
2020), small-group discussions on student-teacher 
(Williams & Svensson, 2021), and emotion regulation 
(Järvenoja et al., 2020). On the other hands, science 
learning is also related to motivation theme. Järvenoja et 
al (2020) try to analyze an adaptive motivation in the 
science classroom. Fortus and Touitou (2021) focus their 
review on changes to students’ motivation to learn 
science. Membiela et al. (2022) examine the motivation 
for science learning as an antecedent of emotions and 
engagement. In addition, Rahmouni and Aleid (2020) 
focus on the teachers’ practices and children’s 
motivation towards science learning and Chai et al. 
(2021) are further highlighting the intrinsic motivation 
and sophisticated epistemic beliefs.  

Science learning theme is also related to university 
student and higher education. This is in line with several 
viewpoints of experts that science learning in college is 
suggested to use the most productive way in learning 
and how it relates to the constructivist learning process. 
Science learning in college should be based on active 
learning, and ways for student learning to run in an 
effective atmosphere (Bao & Koenig, 2019; Cavanagh et 
al., 2016; Hassel & Ridout, 2018; Leonard, 2002). It is 
necessary to implement evidence-based teaching 
practices at all levels of higher education by providing 
effective incentives and evaluations (Miller, 2015). In 
practical level, blended learning should be implemented 
during pandemic to support the science learning (Finlay 
et al., 2022; Verde & Valero, 2021). Project-based learning 
can also be implemented consistently (Guo et al., 2020). 

In the meantime, science education is linked to 
curriculum and STEM. The curriculum of science 
education should notice more authentic science 
curriculum (Braund & Reiss, 2006). The science 
curriculum is an important guideline in realizing 
effective science learning (Baptista & Molina-Andrade, 
2021; Penuel et al., 2022; Shaji & Indoshi, 2008; Soysal, 
2022). The teachers need to be innovative in creating 
different learning strategy so that it can engage students 
in subjects they find complex and relevant. Thus, 
curriculum design must be oriented toward making 
science subjects more enjoyable and meaningful for 
students (Al-Mutawah et al., 2022). 

Science education is related to STEM. The term STEM 
is used to emphasize an understanding of the integrated 
disciplines of science, technology, engineering, and 
mathematics. STEM is a paradigm that creates inter-
disciplinary learning and provides achievement results 
of science, mathematics, engineering, and technology 
while doing so (Nugroho et al., 2019). For most, it means 
only science and mathematics, even though the products 
of technology and engineering have so greatly 
influenced everyday life. A true STEM education should 
increase students’ understanding of how things work 
and improve their use of technologies (Bybee, 2010). If 
science is to be taught to achieve the goals outlined in the 
majority of today’s STEM reform efforts, students must 
be more centrally involved than mere “receivers” of 
information. They must be the “doers” in the real science 
(Yager, 2015).  

It’s also important to note that the science education 
theme is related to climate change (part of the theme in 
environmental education). Climate change should 
become a major concern for science educators. Science 
education must play a significant role in society’s 
response to global climate change (Meilinda et al., 2017; 
Park et al., 2020; Sharma, 2012). If necessary, science 
education can be used to solve problems caused by 
climate change (Jurek et al., 2022; Nwona, 2013). The 
importance of learning and action of climate change–
specially place-based, participatory, and action-focused 
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pedagogy–in science education needs to be strengthened 
(Trott & Weinberg, 2020). Climate change has clear 
connection with the welfare of society, and it will be a 
definite offense to ignore it in our educational programs 
for years to come. We should prepare the students to 
have science and to understand the phenomenon behind 
the change. An adaptation on the proper way to teach 
science using new theme and interdisciplinary about 
climate change should be prepared (The Pontifical 
Academy of Sciences, 2022). The end of all this is the 
need for the implementation of environmental education 
and the urgency of environmental literacy (Amalia et al., 
2021; Angreani et al., 2022; Hermawan et al., 2022; 
Marpaung et al., 2021; Mayarni & Nopiyanti, 2021; Nada 
et al., 2021; Nainggolan et al., 2021; Solheri et al., 2022).  

Author’s nationality and international collaboration 

There are 36 countries of origin for authors who 
publish articles, with the majority coming from Europe, 
though Indonesia has the most publications (Asia). This 
is in line with Agency et al. (2012) that European 
Commission has verified the features of science teaching 
organizations across Europe and has mapped out the 
policies and strategies implemented to improve teaching 
and promote science learning in schools. Particularly, 
they have received available support for the teachers to 
assist them in changing the students’ behavior and to 
increase the students’ interest in science. Especially in 
Europe, according to Osborne and Dillon (2008), in 
recent decades, there has been a growing consensus that 
science should be a compulsory school subject. While 
there is agreement that science education is important 
for all school students, there is little debate about its 
nature and structure. In line with the statement, 
according to Jorde and Dillon, (2012), in Europe, it 
becomes clear that, as science educators, we must believe 
that science content is broad and must be the same 
wherever it is taught around the world. However, 
cultural diversity means that science curricula are 
delivered in a variety of ways, resulting in very different 
learning outcomes. Some European countries 
differentiate early, while others do not.  

It appears that the theme of science learning is 
particularly important for researchers in Indonesia. 
According to Faisal and Martin (2019), currently, 
initiatives aimed at developing a national curriculum, 
improving teacher preparation and professional 
development, and promoting educational research are 
driving changes in the education system that affect 
science learning in Indonesia. The current state of 
Indonesia’s education system indicates a growing 
understanding of the specific challenges, as well as 
progress in science learning in Indonesia. In particular, 
the development of a national science curriculum and 
science textbooks is currently underway in Indonesia. 
This is followed by a discussion of some of the 
challenge’s teachers face when attempting to implement 

a standardized curriculum in various types of schools, 
with diverse students, and in highly varied learning 
environments. Indonesia, in particular, is undergoing a 
process of scientific learning improvement, and we can 
expect to see continued development and improvement 
in Indonesian science learning research, science teacher 
education, and Indonesian student learning and 
achievement in science. 

Articles on science are written by the authors from all 
continents in which it shows that science learning 
become the spotlight of the world or become a global 
issue. Education and scientific learning are quickly 
becoming important components of globalization 
(Deboer, 2011) and affect the country’s development 
(Kola, 2013). This is reasonable considering that science 
is humanity’s common heritage. It is the only human 
treasure that can offer a possible cure for overcoming 
inequality and achieving an acceptable quality of life and 
goals for the vast majority of the world’s people (Kaptan 
& Timurlenk, 2012).  

The global world is filled with anger, fear, 
misinformation, distrust and discouragement (Reis, 
2021), especially during a pandemic. Global society 
should be modern science-and technology-based 
societies (Krell et al., 2022) and has strong scientific 
reasoning (Bicak et al., 2021; Hilfert-Rüppell et al., 2021; 
Khan & Krell, 2021; Mahler et al., 2021; Meister & 
Upmeier Zu Belzen, 2021; Rost & Knuuttila, 2022; 
Schellinger et al., 2021). COVID-19 pandemic has 
provided on disclosing the fact that most of the public 
science education and learning. Three more ambitious 
and significant goals for science learning at all levels are, 
as follows:  

(1) to provide all people with a skill in identifying 
scientific problems: using logic, experiment, and 
evidence,  

(2) to provide understanding for all people about the 
scientific procedure–and why they should trust 
the consensus judgments of science on science 
issues, and  

(3) to equip all people with the habit of solving their 
everyday problems the way scientists do, using 
logic, experimentation, and evidence.  

All such efforts are urgent and can culminate in 
implementation at the university level (Alberts, 2022). 
Recently, there has even been a call from various 
professional communities to engage in interdisciplinary 
collaboration and to reflect across disciplinary 
boundaries in order to form new syntheses that may 
benefit science learning across the spectrum of policy, 
research, and practice (Erduran, 2020a). 

It has been discovered that more articles are 
published as a result of collaboration between 
universities within one country and between countries. 
Articles are rarely written by a single author. A good 
scientific article should be written collaboratively, both 
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within and across fields of study (Bellotti et al., 2016; 
Bennett & Gadlin, 2012; Frassl et al., 2018). Collaboration 
carried out by scientists in a research and publication is 
very crucial, especially to solve the complexity of theme 
and research problems, which need an integration of 
knowledge from various disciplines (Eberle et al., 2021). 
Scientific publications are the building blocks of 
discovery and collaboration. This pattern encourages 
greater legibility, comprehension, and confidence. It is a 
method of expressing multiple points of view in a more 
collaborative and diverse manner (Freeling et al., 2021). 
Collaborative research encourages group creativity that 
exceeds the creativity of any individual on the team, in 
the publication context will provide high impact since it 
is the result of interdisciplinary thinking (Uzzi et al., 
2013). Therefore, publication encourages collaboratively 
the emerge of group creativity to maximize novelty and 
innovation since it has gone through the process of 
individual reflection and brainstorming during the 
script development process (Oliver et al., 2018). 

Pragmatically, in fact, interdisciplinary research 
receives more funding than research in a single field 
(Bellotti et al., 2016). As a result of this trend, more and 
more research are being conducted in large groups, 
increasing the likelihood that articles will be written by 
multiple authors from various institutions, disciplines, 
and cultural backgrounds. While it is important to 
recognize that collaborative writing with multiple 
authors presents additional challenges, such as author 
engagement, fair crediting, diversity of work styles, and 
communication clarity (Frassl et al., 2018). Other 
challenges include, for example, differences in 
theoretical and methodological approaches across the 
lines of work completed by the team (Peffer & Renken, 
2016). 

Funding sponsor 

There are 69 institutions which fund the research and 
publication of science learning. The research funding has 
decided to be an important sources in science reward 
system (Zhao et al., 2018). A research and publication 
funding is a grant obtained through a competitive 
process to conduct research and scientific publications in 
general (Neema & Chandrashekar, 2021). The 
relationship between grants and research productivity 
has not been well described (Saygitov, 2018), although it 
is believed that research funding has a direct impact on 
the behavior of academics (Vaughan, 2008). Yet, we 
believe that research and publication funding will have 
an impact on the quality of research and publications 
conducted (Ebadi & Schiffauerova, 2015; Győrffy et al., 
2020). This is in line with the context findings of a study 
in Finnish academics (Mathies et al., 2020). Case analysis 
in Swiss National Science Foundation also indicates the 
researchers who are funded to improve the quantity and 
the funding also encourages the encourage 
dissemination and quality (Heyard & Hottenrott, 2021). 

Even interesting findings are conveyed by Wang and 
Shapira (2015) that publication from a research funded 
by a grant indicates higher impact in terms of journal 
ranking and number of citations than non-grant-
sponsored research. As well as the findings stated by 
Zhao et al. (2018) that funding has an impact on the 
usage and quotation, and funded papers attract more 
uses, but vary across disciplines. There is a positive 
correlation between usage and funding.  

Most of publications have met one of ethics in 
publication; clearly stating the name of the 
organizations/institutions that fund their research and 
publication. Stating the organizations/institutions, 
which provide funding is important to indicate the 
honesty and openness of researchers. However, funding 
institutions emerge as clear and influential actors in 
scientific communication systems, influencing the type 
of knowledge produced and making important 
decisions about the research supported (Álvarez-
Bornstein & Montesi, 2020). Nevertheless, it must be 
remembered that the main thing is the independence of 
researchers since we need to build a system that 
emphasizes the quality control of research objectives 
(Hagve, 2020). 

Transformation Form of Science Learning 

The analysis results (as shown in Table 4) indicate 
that there are three crucial points in the formulation of 
science learning transformation during COVID-19 
pandemic. The first point is philosophical basic 
transformation before learning. This formulation is 
based on the notion that  

(1) there is a need for science learning partnerships 
and science initiatives to encourage new 
materialism in science learning,  

(2) there are three types of science learning 
implementation: formal, informal, and non-
formal, and  

(3) science learning must be relevant to people’s lives: 
gender equality, local wisdom, life-based, socio-
scientific, political issues/identities, religion, and 
even climate change.  

Science learning must be strong philosophically 
(Robinson, 1969). Most scientists and science students 
are skeptical of philosophical foundations, according to 
a recent trend. Thus, the skepticism of scientists and 
students toward this philosophical foundation must be 
overcome. (Fjelland, 2022). In fact, several specific 
philosophical perspectives on science are discovered in 
the field. In fact, an accurate understanding of 
philosophy of science will be critical in implementation 
settings, such as experimental studies, practical changes 
in philosophy of science, epistemological development, 
empirical changes in philosophy of technology, and new 
methods for interpreting moral relevance (Moreno & 
Vinck, 2021). 
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On a practical level, as it can be found in the articles 
published on 2020 to 2022, it is emphasized the 
importance of science learning partnerships and science 
initiative to encourage new materialism in science 
learning. Science learning partnerships and science 
initiative leads to the certainty of the need for 
collaboration as a form of professional work during a 
pandemic (Outhwaite et al., 2022). In science, 
collaboration encompasses sharing information, ideas, 
and data, as well as cooperating on research projects. 
Collaboration allows scientists to combine knowledge 
and resources in an interdisciplinary manner to generate 
new ideas, produce better results, and work faster than 
would otherwise be possible. (Millis, 2016; Vamos et al., 
2020; Wilson, 2022).  

Additionally, a new materialist approach known as 
“inclusive materialism” is required since it is considered 
to have a potency in framing a more socially equitable 
pedagogy. New materialism perspective can contribute 
to reconfigure pedagogical practice in the curriculum 
program and science learning (Marshall & Conana, 
2021). 

Furthermore, it is emphasized that the form of 
implementation of science learning are formal, informal, 
and non-formal. Formal science learning is most likely 
something we are all familiar with. However, it is critical 
to recognize that science can be implemented both 
formally and informally in order to broaden its reach 
and utility (Archer et al., 2021; Durall et al., 2021; Tisza 
et al., 2020). Several examples of science 
implementations informally and non-formally during 
pandemic are by using ‘bush kinder’ approach 
(Campbell & Speldewinde, 2020), follow the leader 
technique (Roberts, 2021), and teacher talk (Studhalter et 
al., 2021). However, science practitioners need to look at 
aspects of disruptive moments (Barton et al., 2021) and 
Obstacles and challenges are required to be identified 
(Christidou et al., 2022) in which it may occur in daily 
practices. Particularly, it has become a necessity at this 
time; social media can be used as informal science 
learning (Lundgren et al., 2022). In real practice in China, 
for instance, it is found that  

(1) science learning that utilize the social media can 
empower the students with timely learning 
opportunities,  

(2) daily tweets on social events or hot topics that 
emerge or come off will provide a “bite” about 
interesting knowledge in which it often leads to 
additional reading and related resources, and  

(3) the integration of social media encourage broad 
public engagement in the science learning and 
various knowledges (Zhang & Gao, 2014).  

Science learning should be related to community life. 
Several issues that can be linked are gender equality 
(Dawson et al., 2020), social positioning (Brookes et al., 
2021), ethno-pedagogy (Rahmawati et al., 2020), 

indigenous science (Zidny et al., 2021) socio-scientific 
issues-based (Nida, Mustikasari, et al., 2021), life-based 
experiential learning (Acharya et al., 2022), religion and 
culture (Kurniawan et al., 2022), political 
issues/identities (Gouvea, 2021), environmental 
(Nusantari et al., 2020), and climate change awareness 
(Jeong et al., 2021). We need science that is relevant with 
current condition and even for future condition (Kaptan 
& Timurlenk, 2012). Science should “accompany” the 
modern society in overcoming complex scientific issues 
(Nida et al., 2021). Those issues are varied in terms of the 
scope, clarity, and originality of the problem, the degree 
of collaboration required, the complexity, and the 
interpretative perspective required (Allchin, 2013). This 
includes how the scientific community generates 
scientific information, how the media repackages and 
distributes information, and how individuals discover 
and form opinions about that information (Howell & 
Brossard, 2021). There are many societal problems that 
science can address in the current context, one of the 
most pressing of which is environmental issues 
(Angreani et al., 2022; Hermawan et al., 2022; Husamah 
et al., 2022b; Rahardjanto et al., 2022).  

Second, the transformation in the science learning 
process. This formulation is based on the notion that  

(1) science learning can implement the constructivist 
theory as inquiry-based learning,  

(2) practice-based science learning and fun,  

(3) science learning needs to concern on the students’ 
self (self-regulated, self-awareness, self-efficacy, 
and student engagement), and  

(4) the learning should not only be in the classroom.  

Constructivism is used to justify design, 
implementation, and evaluation (Forster, 1999), despite 
the fact that teaching practice and research activities are 
the most important (Suhendi & Purwarno, 2018). The 
constructivist theory of how individuals express science-
related knowledge in professional interactions is 
emphasized for the acquisition, expression, and 
application of knowledge in practice (Thomas et al., 
2014). Learning based on constructivist views and 
strategies in constructivist learning can encourage in-
depth learning and practical applications in the context 
of the development of information technology (Sejzi & 
Aris, 2012). 

Science learning must be practice-based and 
enjoyable. Students will be bored and will not achieve 
their learning objectives if science learning activities are 
not interesting or intellectually challenging. Yet, by 
implementing practical activities or stimulating 
discovery, the students can collaborate to develop their 
understanding skill and scientific literacy (Kim & Kim, 
2021). Several authors understand that practice has 
important roles since it may be possible to support the 
improvement of quality in the learning processes 
(Matzembacher et al., 2019). Several types of practice in 
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science learning that suggested by the experts are spaced 
practice, interleaving, retrieval practice, elaboration, 
concrete examples, and dual coding (Weinstein et al., 
2018). Additionally, science learning should be fun. Fun 
learning is an important strategy to promote student 
engagement, inclusion, and holistic skills development 
beyond (Parker et al., 2022). Fun is the crucial element in 
learning. Hence, creating fun learning activities to 
facilitate the involvement of students in the learning 
processes and improve learning outcomes should be 
conducted by the teachers. Unfortunately, despite 
widespread interest, little systematic effort has been 
made to define and apply the fun aspect (Tisza & 
Markopoulos, 2021).  

Science learning should notice on the students’ self 
(self-regulated, self-awareness, self-efficacy, and student 
engagement). To be successful in learning during and 
after a pandemic, students must develop independent 
study skills in order to effectively manage their learning 
process (Higgins et al., 2021; Santoso et al., 2022). 
Furthermore, educators usually use the concept of self-
awareness in order to describe one’s ability to think 
about, talk about, and define feelings, thoughts, and/or 
actions. Presently, the term ‘self-awareness’ is used to 
describe an overall concept that includes many sub-
concepts (Flavian, 2016; Jaakkola et al., 2022). 
Additionally, accurate investigation on self-efficacy of 
students can provide the basis for how to process and 
develop it in science learning (Hu et al., 2022; Ketelhut, 
2007). On the other hands, the student engagement in 
science is related to students’ motivation on science, 
enjoyment of science, and a future orientation towards 
science. The term of student engagement is used to 
framed a study that focuses on frequency of 
participation in the activities (Godec et al., 2018).  

In different context, it is emphasized that learning 
should not only be in the classroom (but also outside the 
classroom). Integrating outdoor learning into indoor 
learning experience is excellent way to enrich students 
learning experiences (Koto & Susanta, 2019). Outdoor 
learning is increasingly seen as a means of promoting 
and fostering an emotional connection between students 
and the natural environment. This is an attempt to 
understand that in teaching science we must really 
consider the importance of imagination and creativity. 
They are essential for good science practice (Curtis, 2020; 
Education Scotland Foghlam Alba, 2009).  

Third, transformation in the learning assessment and 
evaluation. This formulation is based on the notion that  

(1) assessment transformation is important and  

(2) need to consider evaluation system carried out.  

Science learning assessment should adjust with the 
situation and life demands during pandemic. Various 
policies implemented by the government in various 
countries insist the schools to adapt, and the assessment 
used by the teachers should adjust with the policies 

(Martin et al., 2021; Sandvik et al., 2022). The teachers 
should be aware that they certainly will not be able to 
complete their curriculum and assessments in the 
normal way. Those who are unable to adjust will be 
anxious until they have clear indications of how their 
learning and assessment systems will be restored 
following a crisis. In this case, certainly there will be 
many students in COVID-19 group will be worried 
about suffering long-term losses, compared to those 
studying “normally”, when they move to another level 
of study or enter the labor market (Daniel, 2020; DeCoito 
& Estaiteyeh, 2022). Anyway, in the global context, this 
condition will be experienced by millions of students 
affected by the pandemic (Montenegro‐Rueda et al., 
2021). 

Therefore, in a wider context, transformation in 
considering the evaluation system conducted during 
pandemic should be noticed. Evaluation is important 
since many entities develop the information system 
during pandemic to conduct the education and improve 
the effectiveness and efficiency so that it can reach the 
learning objectives (Ngabiyanto et al., 2021; Rokhman et 
al., 2022). At this time, teachers and education providers 
must investigate how students evaluate online teaching, 
how frequently they participate in online learning 
compared to face-to-face learning, and, ultimately, 
which mode of learning (offline or online) they prefer 
after the pandemic is over (Szopinski & Bachnik, 2022). 

CONCLUSION 

This SLR provides interesting results. In the last year, 
there has been a downward trend in research on science 
learning. Nonetheless, the number of publications is 
stable/fixed in 2020 and 2021. The number of articles 
will also decrease, particularly in 2022. The researchers 
discover that most science learning research is 
conducted quantitatively, followed by qualitative 
research. Quantitative and qualitative research 
paradigms can be used to approach science learning and 
science education.  

The researchers also discover that the author who is 
most in the spotlight in the study of science learning is 
Marianne Kinnula. Marianne Kinnula is one of 
researchers in science learning area that often used as 
reference for other researchers. Meanwhile, based on the 
data, science learning and science education keywords 
are the dominant keywords used in the publications. 
Science learning keywords is related to performance 
assessment, inquiry learning, collaborative learning, and 
motivation. The theme of science learning is also related 
to university student and higher education. Science 
education is related to curriculum and STEM. The 
interesting point is that science education theme is 
related to climate change as well (part of the theme in 
environmental education).  
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The researchers also elucidate that there are 36 
countries of origin of the authors who published articles, 
dominantly from Europe, although the country with the 
most publications is Indonesia (Asia). It appears that the 
theme of science learning is particularly important for 
researchers in Indonesia. It has been discovered that 
more articles are published when universities 
collaborate both within and between countries. Articles 
are rarely written by a single author. The fact that there 
are 69 institutions globally that fund research and 
publications on science learning is encouraging. 
Ethically, it is obtained interesting information that the 
majority of publications have fulfilled one of the ethics 
in publication, which is to clearly state the names of 
organizations/institutions that fund their research and 
publications. 

The researchers can formularize three crucial points 
about transformation of science learning during COVID-
19 pandemic, namely  

(1) philosophical basic transformation before 
learning,  

(2) transformation in the science learning process, 
and  

(3) transformation in the learning assessment and 
evaluation.  

Those three perspectives of transformation are 
constructed from ten things that are formulated based on 
the references that the researchers have found and 
analyzed. The second and third perspectives from the 
transformation that we have formulated are interesting 
for further study, especially dealing with the dynamics 
of learning science during COVID-19 pandemic or post-
pandemic COVID-19. 

Author contributions: All authors have sufficiently contributed to 
the study and agreed with the results and conclusions. 

Funding: No funding source is reported for this study. 

Ethical statement: The authors state that the article does not 
require an ethics committee approval as it is a subject of 
comparison between theories and review of the literature. 

Declaration of interest: No conflict of interest is declared by 
authors. 

Data sharing statement: Data supporting the findings and 
conclusions are available upon request from the corresponding 
author. 

REFERENCES 

Abriata, L. A. (2022). How technologies assisted science 
learning at home during the COVID-19 pandemic. 
DNA and Cell Biology, 41(1), 19-24. https://doi.org/ 
10.1089/dna.2021.0497  

Acharya, K. P., Budhathoki, C. B., & Acharya, M. (2022). 
Science learning from the school garden through 
participatory action research in Nepal. Qualitative 
Report, 27(6), 1623-1634. https://doi.org/10.46743/ 
2160-3715/2022.4561  

Adam, A. S. (2022). Pop-up question on educational 
physics video: Effect on the learning performance 
of students. Research and Development in Education, 
2(1), 1-11. https://doi.org/10.22219/raden.v2i1. 
20271  

Agency, E. E., Eurydice, C. E., Forsthuber, B., Horvath, 
A., Almeida Coutinho, A., Motiejūnaitė, A., & 
Baïdak, N. (2012). Science education in Europe: 
National policies, practices and research. European 
Commission. 

Alberts, B. (2022). Why science education is more 
important than most scientists think. FEBS Letters, 
596(2), 149-159. https://doi.org/10.1002/1873-
3468.14272  

Allchin, D. (2013). Problem-and case-based learning in 
science: An introduction to distinctions, values, and 
outcomes. CBE Life Sciences Education, 12(3), 364-
372. https://doi.org/10.1187/cbe.12-11-0190  

Al-Mutawah, M., Mahmoud, E., Thomas, R., Preji, N., & 
Alghazo, Y. (2022). Math and science integrated 
curriculum: Pedagogical knowledge-based 
education framework. Education Research 
International, 2022(2984464), 1-10. https://doi.org/ 
10.1155/2022/2984464  

Álvarez-Bornstein, B., & Montesi, M. (2020). Funding 
acknowledgements in scientific publications: A 
literature review. Research Evaluation, 29(4), 469-
488. https://doi.org/10.1093/reseval/rvaa038  

Amalia, A., Rahmayanti, H., Iriani, T., Zajuli, I., & Koc, I. 
(2021). Vocational students’ HOTS and HOTSEP 
overview in developing ITA learning model. Jurnal 
Pendidikan Biologi Indonesia [Journal of Biological 
Education Indonesia], 7(3), 267-274. https://doi.org/ 
10.22219/jpbi.v7i3.16392  

Anderton, R. S., Vitali, J., Blackmore, C., & Bakeberg, M. 
C. (2021). Flexible teaching and learning modalities 
in undergraduate science amid the COVID-19 
pandemic. Frontiers in Education, 5, 1-7. 
https://doi.org/10.3389/feduc.2020.609703  

Andriana, E., Ramadayanti, S., & Noviyanti, T. E. (2020). 
Science learning in elementary school during 
COVID-19. Proceeding of National Seminar in 
Education, 21(1), 1-9. 

Angreani, A., Saefudin, S., & Solihat, R. (2022). Virtual 
laboratory based online learning: Improving 
environmental literacy in high school students. 
Jurnal Pendidikan Biologi Indonesia [Journal of 
Biological Education Indonesia], 8(1), 10-21. 
https://doi.org/10.22219/jpbi.v8i1.18120  

Anwar, K., Shintasiwi, F. A., & Mulianingsih, F. (2020). 
Teacher optimization in utilizing media literacy for 
social science learning in Semarang. International 
Journal of Emerging Technologies in Learning, 15(7), 
141-148. 
https://doi.org/10.3991/IJET.V15I07.13227  

https://doi.org/10.1089/dna.2021.0497
https://doi.org/10.1089/dna.2021.0497
https://doi.org/10.46743/2160-3715/2022.4561
https://doi.org/10.46743/2160-3715/2022.4561
https://doi.org/10.22219/raden.v2i1.20271
https://doi.org/10.22219/raden.v2i1.20271
https://doi.org/10.1002/1873-3468.14272
https://doi.org/10.1002/1873-3468.14272
https://doi.org/10.1187/cbe.12-11-0190
https://doi.org/10.1155/2022/2984464
https://doi.org/10.1155/2022/2984464
https://doi.org/10.1093/reseval/rvaa038
https://doi.org/10.22219/jpbi.v7i3.16392
https://doi.org/10.22219/jpbi.v7i3.16392
https://doi.org/10.3389/feduc.2020.609703
https://doi.org/10.22219/jpbi.v8i1.18120
https://doi.org/10.3991/IJET.V15I07.13227


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

15 / 26 

Apriani, T., & Hidayat, S. (2022). Science learning model 
before-during-post COVID-19 pandemic and 
student achievement at SMP Negeri 59 Palembang. 
Bioilmi: Education Journal, 8(1), 11-16. 
https://doi.org/10.19109/bioilmi.v8i1.12916 

Archer, L., Godec, S., Calabrese Barton, A., Dawson, E., 
Mau, A., & Patel, U. (2021). Changing the field: A 
Bourdieusian analysis of educational practices that 
support equitable outcomes among minoritized 
youth on two informal science learning programs. 
Science Education, 105(1), 166-203. https://doi.org/ 
10.1002/sce.21602  

Arifin, M. F., Rahman, A., Hendriyani, M. E., & 
Rifqiawatia, I. (2022). Developing multimedia-
based learning media on the digestive system using 
Adobe Flash Professional CS6 application for class 
XI. Research and Development in Education, 2(2), 76-
88. https://doi.org/10.22219/raden.v2i2.19990  

Atmojo, S. E., Muhtarom, T., & Lukitoaji, B. D. (2020). 
The level of self-regulated learning and self-
awareness in science learning in the covid-19 
pandemic era. Jurnal Pendidikan IPA Indonesia 
[Journal of Science Education Indonesia], 9(4), 512-520. 
https://doi.org/10.15294/jpii.v9i4.25544  

Bae, C. L., & Lai, M. H. C. (2020). Opportunities to 
participate in science learning and student 
engagement: A mixed methods approach to 
examining person and context factors. Journal of 
Educational Psychology, 112(6), 1128-1153. 
https://doi.org/10.1037/edu0000410  

Bao, L., & Koenig, K. (2019). Physics education research 
for 21st century learning. Disciplinary and 
Interdisciplinary Science Education Research, 1(1), 1-
12. https://doi.org/10.1186/s43031-019-0007-8  

Baptista, G. C. S., & Molina-Andrade, A. (2021). Science 
teachers’ conceptions about the importance of 
teaching and how to teach western science to 
students from traditional communities. Human 
Arenas, 0123456789, 1-28. https://doi.org/10.1007/ 
s42087-021-00257-4  

Barton, A. C., Greenberg, D., Kim, W. J., Brien, S., Roby, 
R., Balzer, M., Turner, C., & Archer, L. (2021). 
Disruptive moments as opportunities towards 
justice‐oriented pedagogical practice in informal 
science learning. Science Education, 105(6), 1229-
1251. https://doi.org/10.1002/sce.21682 

Bashir, A., Bashir, S., Rana, K., Lambert, P., & Vernallis, 
A. (2021). Post-COVID-19 adaptations: The shifts 
towards online learning, hybrid course delivery 
and the implications for biosciences courses in the 
higher education setting. Frontiers in Education, 6, 1-
13. https://doi.org/10.3389/feduc.2021.711619  

Bellotti, E., Kronegger, L., & Guadalupi, L. (2016). The 
evolution of research collaboration within and 
across disciplines in Italian Academia. 

Scientometrics, 109(2), 783-811. https://doi.org/10. 
1007/s11192-016-2068-1  

Bennett, L. M., & Gadlin, H. (2012). Collaboration and 
team science: From theory to practice. Journal of 
Investigative Medicine, 60(5), 768-775. 
https://doi.org/10.2310/JIM.0b013e318250871d  

Bicak, B. E., Borchert, C. E., & Höner, K. (2021). 
Measuring and fostering preservice chemistry 
teachers’ scientific reasoning competency. 
Education Sciences, 11(9), 496. https://doi.org/ 
10.3390/educsci11090496  

Braund, M., & Reiss, M. (2006). Towards a more 
authentic science curriculum: The contribution of 
out-of-school learning. International Journal of 
Science Education, 28(12), 1373-1388. https://doi.org 
/10.1080/09500690500498419  

Brookes, D. T., Yang, Y., & Nainabasti, B. (2021). Social 
positioning in small group interactions in an 
investigative science learning environment physics 
class. Physical Review Physics Education Research, 
17(1), 10103. https://doi.org/10.1103/PhysRev 
PhysEducRes.17.010103  

Bybee, R. W. (2010). What is STEM education? Science, 
329(5995), 996. https://doi.org/10.1126/science. 
1194998  

Campbell, C., & Speldewinde, C. (2020). Affordances for 
science learning in “Bush Kinders.” International 
Journal of Innovation in Science and Mathematics 
Education, 28(3), 1-13. https://doi.org/10.30722/ 
IJISME.28.03.001  

Canovan, C., & Fallon, N. (2021). Widening the divide: 
the impact of school closures on primary science 
learning. SN Social Sciences, 1(5), 1-22. 
https://doi.org/10.1007/s43545-021-00122-9  

Cantor, P., & Osher, D. (2021). The science of learning and 
development: Enhancing the lives of all young people. 
Routledge. https://doi.org/10.4324/97810030380 
16  

Cavanagh, A. J., Aragón, O. R., Chen, X., Couch, B., 
Durham, M., Bobrownicki, A., Hanauer, D. I., & 
Graham, M. J. (2016). Student buy-in to active 
learning in a college science course. CBE Life 
Sciences Education, 15(4), 1-9. https://doi.org/10. 
1187/cbe.16-07-0212  

Chadwick, R., & McLoughlin, E. (2021). Impact of the 
COVID-19 crisis on learning, teaching and 
facilitation of practical activities in science upon 
reopening of Irish schools. Irish Educational Studies, 
40(2), 197-205. https://doi.org/10.1080/03323315. 
2021.1915838  

Chai, C. S., Lin, P. Y., King, R. B., & Jong, M. S. Y. (2021). 
Intrinsic motivation and sophisticated epistemic 
beliefs are promising pathways to science 
achievement: Evidence from high achieving 
regions in the east and the west. Frontiers in 

https://doi.org/10.19109/bioilmi.v8i1.12916
https://doi.org/10.1002/sce.21602
https://doi.org/10.1002/sce.21602
https://doi.org/10.22219/raden.v2i2.19990
https://doi.org/10.15294/jpii.v9i4.25544
https://doi.org/10.1037/edu0000410
https://doi.org/10.1186/s43031-019-0007-8
https://doi.org/10.1007/s42087-021-00257-4
https://doi.org/10.1007/s42087-021-00257-4
https://doi.org/10.1002/sce.21682
https://doi.org/10.3389/feduc.2021.711619
https://doi.org/10.1007/s11192-016-2068-1
https://doi.org/10.1007/s11192-016-2068-1
https://doi.org/10.2310/JIM.0b013e318250871d
https://doi.org/10.3390/educsci11090496
https://doi.org/10.3390/educsci11090496
https://doi.org/10.1080/09500690500498419
https://doi.org/10.1080/09500690500498419
https://doi.org/10.1103/PhysRevPhysEducRes.17.010103
https://doi.org/10.1103/PhysRevPhysEducRes.17.010103
https://doi.org/10.1126/science.1194998
https://doi.org/10.1126/science.1194998
https://doi.org/10.30722/IJISME.28.03.001
https://doi.org/10.30722/IJISME.28.03.001
https://doi.org/10.1007/s43545-021-00122-9
https://doi.org/10.4324/9781003038016
https://doi.org/10.4324/9781003038016
https://doi.org/10.1187/cbe.16-07-0212
https://doi.org/10.1187/cbe.16-07-0212
https://doi.org/10.1080/03323315.2021.1915838
https://doi.org/10.1080/03323315.2021.1915838


Nurwidodo et al. / A systematic literature review of science learning 

 

16 / 26 

Psychology, 12, 1-14. https://doi.org/10.3389/ 
fpsyg.2021.581193  

Chand, A. V., Sharma, S., & Taylor, S. (2021). Weaving 
CLES-FS and Talanoa to capture Fijian student’s 
science learnings: Exploring possibilities. Waikato 
Journal of Education, 26, 195-209. https://doi.org/ 
10.15663/wje.v26i1.782  

Chang, C. C., Tsai, L. T., Chang, C. H., Chang, K. C., & 
Su, C. F. (2021). Effects of science reader belief and 
reading comprehension on high school students’ 
science learning via mobile devices. Sustainability 
(Switzerland), 13(8), 1-17. https://doi.org/10.3390/ 
su13084319  

Chen, C.-K., Huang, N.-T. N., & Hwang, G.-J. (2022). 
Findings and implications of flipped science 
learning research: A review of journal publications. 
Interactive Learning Environments, 30(5), 949-966. 
https://doi.org/10.1080/10494820.2019.1690528  

Chen, Y.-C., Yang, F., & Chang, C.-C. (2020). 
Conceptualizing spatial abilities and their relation 
to science learning from a cognitive perspective. 
Journal of Baltic Science Education, 19(1), 50-63. 
https://doi.org/10.33225/jbse/20.19.50  

Christidou, D., Voulgari, I., Tisza, G., Norouzi, B., 
Kinnula, M., Iivari, N., Papavlasopoulou, S., 
Gollerizo, A., Lozano González, J. M., & 
Konstantinidi Sofrona, D. (2022). Obstacles and 
challenges identified by practitioners of non-formal 
science learning activities in Europe. International 
Journal of Science Education, 44(3), 514-533. 
https://doi.org/10.1080/09500693.2022.2035466  

Coman, C., Țîru, L. G., Meseșan-Schmitz, L., Stanciu, C., 
& Bularca, M. C. (2020). Online teaching and 
learning in higher education during the 
coronavirus pandemic: Students’ perspective. 
Sustainability (Switzerland), 12(24), 1-22. 
https://doi.org/10.3390/su122410367  

Curtis, A. (2020). Play and the learning environment. A 
Curriculum for the Pre-School Child, 114-130. 
https://doi.org/10.4324/9780203131763-14  

Daniel, E. (2016). The usefulness of qualitative and 
quantitative approaches and methods in 
researching problem-solving ability in science 
education curriculum. Journal of Education and 
Practice, 7(15), 91-100. 

Daniel, S. J. (2020). Education and the COVID-19 
pandemic. Prospects, 49(1-2), 91-96. https://doi.org 
/10.1007/s11125-020-09464-3  

Darling-Hammond, L., Flook, L., Cook-Harvey, C., 
Barron, B., & Osher, D. (2020). Implications for 
educational practice of the science of learning and 
development. Applied Developmental Science, 24(2), 
97-140. https://doi.org/10.1080/10888691.2018. 
1537791  

Darmawan, D., Yatimah, D., Sasmita, K., & Syah, R. 
(2020). Analysis of non-formal education tutor 
capabilities in exploring assessment for science 
learning. Jurnal Pendidikan IPA Indonesia [Journal of 
Science Education Indonesia], 9(2), 267-275. 
https://doi.org/10.15294/jpii.v9i2.24025  

Dawson, E., Archer, L., Seakins, A., Godec, S., DeWitt, J., 
King, H., Mau, A., & Nomikou, E. (2020). Selfies at 
the science museum: Exploring girls’ identity 
performances in a science learning space. Gender 
and Education, 32(5), 664-681. https://doi.org/10. 
1080/09540253.2018.1557322  

de Jong, T., Gillet, D., Rodríguez-Triana, M. J., Hovardas, 
T., Dikke, D., Doran, R., Dziabenko, O., Koslowsky, 
J., Korventausta, M., Law, E., Pedaste, M., 
Tasiopoulou, E., Vidal, G., & Zacharia, Z. C. (2021). 
Understanding teacher design practices for digital 
inquiry-based science learning: The case of Go-
Laba. Educational Technology Research and 
Development, 69(2), 417-444. https://doi.org/10. 
1007/s11423-020-09904-z  

Deboer, G. E. (2011). The globalization of science 
education. Journal of Research in Science Teaching, 
48(6), 567-591. https://doi.org/10.1002/tea.20421  

DeCoito, I., & Estaiteyeh, M. (2022). Online teaching 
during the COVID-19 pandemic: Exploring 
science/STEM teachers’ curriculum and 
assessment practices in Canada. Disciplinary and 
Interdisciplinary Science Education Research, 4, 1. 
https://doi.org/10.1186/s43031-022-00048-z  

Dunne, D., & Brooks, K. (2004). Teaching with cases. 
https://www.bu.edu/ctl/teaching-resources/ 
using-case-studies-to-teach/  

Durall, E., Perry, S., Hurley, M., Kapros, E., & Leinonen, 
T. (2021). Co-designing for equity in informal 
science learning: A proof-of-concept study of 
design principles. Frontiers in Education, 6, 1-6. 
https://doi.org/10.3389/feduc.2021.675325  

Ebadi, A., & Schiffauerova, A. (2015). How to receive 
more funding for your research? Get connected to 
the right people! PLoS ONE, 10(7), e0133061. 
https://doi.org/10.1371/journal.pone.0133061  

Eberle, J., Stegmann, K., Barrat, A., Fischer, F., & Lund, 
K. (2021). Initiating scientific collaborations across 
career levels and disciplines–A network analysis on 
behavioral data. International Journal of Computer-
Supported Collaborative Learning, 16, 151-184. 
https://doi.org/10.1007/s11412-021-09345-7  

ECLAC-UNESCO. (2020). Education in the time of COVID-
19. https://www.cepal.org/en/publications/4590 
5-education-time-covid-19  

Eddy, S. L. (2019). Recent research in science teaching 
and learning. CBE Life Sciences Education, 18(3), fe5. 
https://doi.org/10.1187/cbe.19-07-0132  

https://doi.org/10.3389/fpsyg.2021.581193
https://doi.org/10.3389/fpsyg.2021.581193
https://doi.org/10.15663/wje.v26i1.782
https://doi.org/10.15663/wje.v26i1.782
https://doi.org/10.3390/su13084319
https://doi.org/10.3390/su13084319
https://doi.org/10.1080/10494820.2019.1690528
https://doi.org/10.33225/jbse/20.19.50
https://doi.org/10.1080/09500693.2022.2035466
https://doi.org/10.3390/su122410367
https://doi.org/10.4324/9780203131763-14
https://doi.org/10.1007/s11125-020-09464-3
https://doi.org/10.1007/s11125-020-09464-3
https://doi.org/10.1080/10888691.2018.1537791
https://doi.org/10.1080/10888691.2018.1537791
https://doi.org/10.15294/jpii.v9i2.24025
https://doi.org/10.1080/09540253.2018.1557322
https://doi.org/10.1080/09540253.2018.1557322
https://doi.org/10.1007/s11423-020-09904-z
https://doi.org/10.1007/s11423-020-09904-z
https://doi.org/10.1002/tea.20421
https://doi.org/10.1186/s43031-022-00048-z
https://www.bu.edu/ctl/teaching-resources/using-case-studies-to-teach/
https://www.bu.edu/ctl/teaching-resources/using-case-studies-to-teach/
https://doi.org/10.3389/feduc.2021.675325
https://doi.org/10.1371/journal.pone.0133061
https://doi.org/10.1007/s11412-021-09345-7
https://www.cepal.org/en/publications/45905-education-time-covid-19
https://www.cepal.org/en/publications/45905-education-time-covid-19
https://doi.org/10.1187/cbe.19-07-0132


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

17 / 26 

Education Scotland Foghlam Alba. (2009). Outdoor 
learning: Practical guidance, ideas and support for 
teachers and practitioners in Scotland. 
http://www.educationscotland.gov.uk/Images/
OutdoorLearningSupport_tcm4-675958.pdf  

Engzell, P., Frey, A., & Verhagen, M. D. (2021). Learning 
loss due to school closures during the COVID-19 
pandemic. PNAS, 118(17), e2022376118. 
https://doi.org/10.1073/PNAS.2022376118  

Erduran, S. (2020a). Editorial vision for science & 
education. Science and Education, 29(1), 1-5. 
https://doi.org/10.1007/s11191-020-00102-0  

Erduran, S. (2020b). Science education in the era of a 
pandemic: How can history, philosophy and 
sociology of science contribute to education for 
understanding and solving the COVID-19 crisis? 
Science and Education, 29(2), 233-235. 
https://doi.org/10.1007/s11191-020-00122-w  

Ermila, M., Rifqiawati, I., & Lestari, D. (2022). Online 
learning videos to develop creative thinking skills 
of students. Research and Development in Education, 
2(2), 67-75. https://doi.org/10.22219/raden.v2i2. 
20035  

Fahmalatif, F., Purwanto, A., Siswanto, E., & Ardiyanto, 
J. (2021). Exploring barriers and solutions of online 
learning during the COVID-19 pandemic by 
vocational schoolteachers. Journal of Industrial 
Engineering & Management Research, 2(2), 53-63. 

Faisal, & Martin, S. N. (2019). Science education in 
Indonesia: Past, present, and future. Asia-Pacific 
Science Education, 5(1), 1-29. https://doi.org/10. 
1186/s41029-019-0032-0  

Finlay, M. J., Tinnion, D. J., & Simpson, T. (2022). A 
virtual versus blended learning approach to higher 
education during the COVID-19 pandemic: The 
experiences of a sport and exercise science student 
cohort. Journal of Hospitality, Leisure, Sport & 
Tourism Education, 30, 100363. https://doi.org/10. 
1016/j.jhlste.2021.100363  

Fjelland, R. (2022). Teaching philosophy of science to 
science students: An alternative approach. Studies 
in Philosophy and Education, 41(2), 243-258. 
https://doi.org/10.1007/s11217-021-09802-8  

Flavian, H. (2016). Towards teaching and beyond: 
Strengthening education by understanding 
students’ self-awareness development. Power and 
Education, 8(1), 88-100. https://doi.org/10.1177/ 
1757743815624118  

Forster, P. (1999). Applying constructivist theory to 
practice in a technology-based learning 
environment. Mathematics Education Research 
Journal, 11(2), 81-93. https://doi.org/10.1007/ 
BF03217062  

Fortus, D., & Touitou, I. (2021). Changes to students’ 
motivation to learn science. Disciplinary and 

Interdisciplinary Science Education Research, 3(1), 1-
14. https://doi.org/10.1186/s43031-020-00029-0  

Frassl, M. A., Hamilton, D. P., Denfeld, B. A., de Eyto, E., 
Hampton, S. E., Keller, P. S., Sharma, S., Lewis, A. 
S. L., Weyhenmeyer, G. A., O’Reilly, C. M., Lofton, 
M. E., & Catalán, N. (2018). Ten simple rules for 
collaboratively writing a multi-authored paper. 
PLoS Computational Biology, 14(11), e1006508. 
https://doi.org/10.1371/journal.pcbi.1006508  

Freeling, B. S., Doubleday, Z. A., Dry, M. J., Semmler, C., 
& Connell, S. D. (2021). Better writing in scientific 
publications builds reader confidence and 
understanding. Frontiers in Psychology, 12, 1-8. 
https://doi.org/10.3389/fpsyg.2021.714321  

Gallagher, K. E., Kadokura, E., Eckert, L. O., Miyake, S., 
Mounier-Jack, S., Aldea, M., Ross, D. A., & Watson-
Jones, D. (2016). Factors influencing completion of 
multi-dose vaccine schedules in adolescents: A 
systematic review. BMC Public Health, 16(1), 172. 
https://doi.org/10.1186/s12889-016-2845-z  

Gandomkar, R., Yazdani, K., Fata, L., Mehrdad, R., 
Mirzazadeh, A., Jalili, M., & Sandars, J. (2020). 
Using multiple self-regulated learning measures to 
understand medical students’ biomedical science 
learning. Medical Education, 54(8), 727-737. 
https://doi.org/10.1111/medu.14079  

Gao, N., DiRanna, K., & Fay, M. T. C. (2022). The impact 
of COVID-19 on science education: Early evidence from 
California. https://www.ppic.org/publication/ 
the-impact-of-covid-19-on-science-education/  

Gerard, L., Wiley, K., Debarger, A. H., Bichler, S., 
Bradford, A., & Linn, M. C. (2022). Self-directed 
science learning during COVID-19 and beyond. 
Journal of Science Education and Technology, 31(2), 
258-271. https://doi.org/10.1007/s10956-021-
09953-w  

Gilligan, T., Lovett, J., McLoughlin, E., Murphy, C., 
Finlayson, O., Corriveau, K., & McNally, S. (2020). 
‘We practice every day’: Parents’ attitudes towards 
early science learning and education among a 
sample of urban families in Ireland. European Early 
Childhood Education Research Journal, 28(6), 898-910. 
https://doi.org/10.1080/1350293X.2020.1836588  

Godec, S., King, H., Archer, L., Dawson, E., & Seakins, A. 
(2018). Examining student engagement with 
science through a Bourdieusian notion of field. 
Science and Education, 27(5-6), 501-521. 
https://doi.org/10.1007/s11191-018-9988-5  

Gonzalez, T., De la Rubia, M. A., Hincz, K. P., Comas-
Lopez, M., Subirats, L., Fort, S., & Sacha, G. M. 
(2020). Influence of COVID-19 confinement on 
students’ performance in higher education. PLoS 
ONE, 15(10), 1-23. https://doi.org/10.1371/ 
journal.pone.0239490  

http://www.educationscotland.gov.uk/Images/OutdoorLearningSupport_tcm4-675958.pdf
http://www.educationscotland.gov.uk/Images/OutdoorLearningSupport_tcm4-675958.pdf
https://doi.org/10.1073/PNAS.2022376118
https://doi.org/10.1007/s11191-020-00102-0
https://doi.org/10.1007/s11191-020-00122-w
https://doi.org/10.22219/raden.v2i2.20035
https://doi.org/10.22219/raden.v2i2.20035
https://doi.org/10.1186/s41029-019-0032-0
https://doi.org/10.1186/s41029-019-0032-0
https://doi.org/10.1016/j.jhlste.2021.100363
https://doi.org/10.1016/j.jhlste.2021.100363
https://doi.org/10.1007/s11217-021-09802-8
https://doi.org/10.1177/1757743815624118
https://doi.org/10.1177/1757743815624118
https://doi.org/10.1007/BF03217062
https://doi.org/10.1007/BF03217062
https://doi.org/10.1186/s43031-020-00029-0
https://doi.org/10.1371/journal.pcbi.1006508
https://doi.org/10.3389/fpsyg.2021.714321
https://doi.org/10.1186/s12889-016-2845-z
https://doi.org/10.1111/medu.14079
https://www.ppic.org/publication/the-impact-of-covid-19-on-science-education/
https://www.ppic.org/publication/the-impact-of-covid-19-on-science-education/
https://doi.org/10.1007/s10956-021-09953-w
https://doi.org/10.1007/s10956-021-09953-w
https://doi.org/10.1080/1350293X.2020.1836588
https://doi.org/10.1007/s11191-018-9988-5
https://doi.org/10.1371/journal.pone.0239490
https://doi.org/10.1371/journal.pone.0239490


Nurwidodo et al. / A systematic literature review of science learning 

 

18 / 26 

Gouvea, J. S. (2021). Political identities and science 
learning. CBE–Life Sciences Education, 20(fe5), 1-3. 
https://doi.org/10.1002/tea.21648  

Gray, K. M., Achat-Mendes, C., Kruger, A. C., Lhamo, T., 
Wangyal, R., Gyatso, G., & Worthman, C. M. (2021). 
Emory-Tibet science initiative: Changes in 
monastic science learning motivation and 
engagement during a six-year curriculum. Frontiers 
in Communication, 6, 1-10. https://doi.org/10. 
3389/fcomm.2021.724121  

Guo, P., Saab, N., Post, L. S., & Admiraal, W. (2020). A 
review of project-based learning in higher 
education: Student outcomes and measures. 
International Journal of Educational Research, 102, 
101586. https://doi.org/10.1016/j.ijer.2020.101586  

Győrffy, B., Herman, P., & Szabó, I. (2020). Research 
funding: Past performance is a stronger predictor of 
future scientific output than reviewer scores. 
Journal of Informetrics, 14(3), 101050. https://doi.org 
/10.1016/j.joi.2020.101050  

Hagve, M. (2020). The money behind academic 
publishing. Tidsskrift for Den Norske Legeforening 
[Journal of the Norwegian Medical Association], 
140(11), 1-5. 

Hammerstein, S., König, C., Dreisörner, T., & Frey, A. 
(2021). Effects of COVID-19-related school closures 
on student achievement–A systematic review. 
Frontiers in Psychology, 12, 1-8. https://doi.org/ 
10.3389/fpsyg.2021.746289  

Hanif, M. (2020). The development and effectiveness of 
motion graphic animation videos to improve 
primary school students’ sciences learning 
outcomes. International Journal of Instruction, 13(4), 
247-266. https://doi.org/10.29333/iji.2020.13416a  

Harto, M., & Misbah, M. (2021). Literature review of 
science learning innovations during the COVID-19 
pandemic. Vidya Karya, 35(2), 78-86. 
https://doi.org/10.20527/jvk.v35i2.10591  

Hassel, S., & Ridout, N. (2018). An investigation of first-
year students’ and lecturers’ expectations of 
university education. Frontiers in Psychology, 8. 
https://doi.org/10.3389/fpsyg.2017.02218  

Hastuti, P. W., Tiarani, V. A., & Nurita, T. (2018). The 
influence of inquiry-based science issues learning 
on practical skills of junior high school students in 
environmental pollution topic. Jurnal Pendidikan 
IPA Indonesia [Journal of Scicence Education 
Indonesia], 7(2), 232-238. https://doi.org/10.15294/ 
jpii.v7i2.14263  

Heinimäki, O. P., Volet, S., & Vauras, M. (2020). Core and 
activity-specific functional participatory roles in 
collaborative science learning. Frontline Learning 
Research, 8(2), 65-89. https://doi.org/10.14786/ 
FLR.V8I2.469  

Heinimäki, O. P., Volet, S., Jones, C., Laakkonen, E., & 
Vauras, M. (2021). Student participatory role 
profiles in collaborative science learning: Relation 
of within-group configurations of role profiles and 
achievement. Learning, Culture and Social Interaction, 
30, 1-15. https://doi.org/10.1016/j.lcsi.2021.100539  

Herianto, & Wilujeng, I. (2021). Increasing the attention, 
relevance, confidence and satisfaction (ARCS) of 
students through interactive science learning 
multimedia. Research in Learning Technology, 
29(1063519), 1-13. https://doi.org/10.25304/rlt. 
v29.2383  

Hermawan, I. M. S., Suwono, H., Paraniti, A. A. I., & 
Wimuttipanya, J. (2022). Student’s environmental 
literacy: An educational program reflections for a 
sustainable environment. Jurnal Pendidikan Biologi 
Indonesia [Journal of Biological Education Indonesia], 
8(1), 1-9. https://doi.org/10.22219/ 
jpbi.v8i1.16889  

Herodotou, C., Ismail, N., Aristeidou, M., Miller, G., 
Benavides Lahnstein, A. I., Ghadiri Khanaposhtani, 
M., Robinson, L. D., & Ballard, H. L. (2022). Online 
community and citizen science supports 
environmental science learning by young people. 
Computers and Education, 184, 104515. 
https://doi.org/10.1016/j.compedu.2022.104515  

Herreid, C. F. (2011). Case study teaching. New Directions 
for Teaching & Learning, 2011(128), 31-40. 
https://doi.org/10.1002/tl.466 

Heyard, R., & Hottenrott, H. (2021). The value of 
research funding for knowledge creation and 
dissemination: A study of SNSF research grants. 
Humanities and Social Sciences Communications, 8(1), 
1-16. https://doi.org/10.1057/s41599-021-00891-x  

Higgins, N. L., Frankland, S., & Rathner, J. A. (2021). Self-
regulated learning in undergraduate science. 
International Journal of Innovation in Science and 
Mathematics Education, 29(1), 58-70. https://doi.org 
/10.30722/IJISME.29.01.005  

Hilfert-Rüppell, D., Meier, M., Horn, D., & Höner, K. 
(2021). Professional knowledge and self-efficacy 
expectations of pre-service teachers regarding 
scientific reasoning and diagnostics. Education 
Sciences, 11(10), 629. https://doi.org/10.3390/ 
educsci11100629  

Hite, R. (2022). Virtual reality: Flight of fancy or feasible? 
Ways to use virtual reality technologies to enhance 
students’ science learning. The American Biology 
Teacher, 84(2), 106-108. https://doi.org/10.1525/ 
abt.2022.84.2.106 

Howell, E. L., & Brossard, D. (2021). (Mis)informed 
about what? What it means to be a science-literate 
citizen in a digital world. PNAS, 118(15), 1-8. 
https://doi.org/10.1073/pnas.1912436117  

https://doi.org/10.1002/tea.21648
https://doi.org/10.3389/fcomm.2021.724121
https://doi.org/10.3389/fcomm.2021.724121
https://doi.org/10.1016/j.ijer.2020.101586
https://doi.org/10.1016/j.joi.2020.101050
https://doi.org/10.1016/j.joi.2020.101050
https://doi.org/10.3389/fpsyg.2021.746289
https://doi.org/10.3389/fpsyg.2021.746289
https://doi.org/10.29333/iji.2020.13416a
https://doi.org/10.20527/jvk.v35i2.10591
https://doi.org/10.3389/fpsyg.2017.02218
https://doi.org/10.15294/jpii.v7i2.14263
https://doi.org/10.15294/jpii.v7i2.14263
https://doi.org/10.14786/FLR.V8I2.469
https://doi.org/10.14786/FLR.V8I2.469
https://doi.org/10.1016/j.lcsi.2021.100539
https://doi.org/10.25304/rlt.v29.2383
https://doi.org/10.25304/rlt.v29.2383
https://doi.org/10.22219/jpbi.v8i1.16889
https://doi.org/10.22219/jpbi.v8i1.16889
https://doi.org/10.1016/j.compedu.2022.104515
https://doi.org/10.1002/tl.466
https://doi.org/10.1057/s41599-021-00891-x
https://doi.org/10.30722/IJISME.29.01.005
https://doi.org/10.30722/IJISME.29.01.005
https://doi.org/10.3390/educsci11100629
https://doi.org/10.3390/educsci11100629
https://doi.org/10.1525/abt.2022.84.2.106
https://doi.org/10.1525/abt.2022.84.2.106
https://doi.org/10.1073/pnas.1912436117


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

19 / 26 

Hu, X., Jiang, Y., & Bi, H. (2022). Measuring science self-
efficacy with a focus on the perceived competence 
dimension: Using mixed methods to develop an 
instrument and explore changes through cross-
sectional and longitudinal analyses in high school. 
International Journal of STEM Education, 9, 47. 
https://doi.org/10.1186/s40594-022-00363-x  

Hugerat, M., Kortam, N., Maroun, N. T., & Basheer, A. 
(2020). The educational effectiveness of didactical 
games in project-based science learning among 5th 
grade students. EURASIA Journal of Mathematics, 
Science and Technology Education, 16(10), em1888. 
https://doi.org/10.29333/ejmste/8490  

Husamah, H., Suwono, H., Nur, H., & Dharmawan, A. 
(2022a). Action competencies for sustainability and 
its implications to environmental education for 
prospective science teachers: A systematic 
literature review. EURASIA Journal of Mathematics, 
Science & Technology Education, 18(8), em2138. 
https://doi.org/10.29333/ejmste/12235 

Husamah, H., Suwono, H., Nur, H., & Dharmawan, A. 
(2022b). Environmental education research in 
Indonesian Scopus indexed journal: A systematic 
literature review. Jurnal Pendidikan Biologi Indonesia 
[Journal of Biological Education Indonesia], 8(2), 105-
120. https://doi.org/10.22219/jpbi.v8i2.21041  

Husamah, H., Suwono, H., Nur, H., & Dharmawan, A. 
(2022c). Global trend of research and development 
in education in the pandemic era: A systematic 
literature review. Research and Development in 
Education, 2(2), 89-100. https://doi.org/10.22219/ 
raden.v2i2.23224  

Husamah, H., Suwono, H., Nur, H., & Dharmawan, A. 
(2022d). Sustainable development research in 
EURASIA Journal of Mathematics, Science and 
Technology Education: A systematic literature 
review. EURASIA Journal of Mathematics, Science and 
Technology Education, 18(5), em2103. 
https://doi.org/10.29333/ejmste/11965  

Husin, S. H., & Yaswinda, Y. (2021). Analysis of early 
childhood science learning during the COVID-19 
pandemic. Journal Basicedu, 5(2), 581-595. 
https://doi.org/10.31004/basicedu.v5i2.780  

Iiskala, T., Volet, S., Jones, C., Koretsky, M., & Vauras, M. 
(2021). Significance of forms and foci of 
metacognitive regulation in collaborative science 
learning of less and more successful outcome 
groups in diverse contexts. Instructional Science, 49, 
687-718. https://doi.org/10.1007/s11251-021-
09558-1  

Iivari, N., Sharma, S., & Ventä-Olkkonen, L. (2020). 
Digital transformation of everyday life–How 
COVID-19 pandemic transformed the basic 
education of the young generation and why 
information management research should care? 
International Journal of Information Management, 55, 

102183. https://doi.org/10.1016/j.ijinfomgt.2020. 
102183  

Inkinen, J., Klager, C., Juuti, K., Schneider, B., Salmela-
Aro, K., Krajcik, J., & Lavonen, J. (2020). High 
school students’ situational engagement associated 
with scientific practices in designed science 
learning situations. Science Education, 104(4), 667-
692. https://doi.org/10.1002/sce.21570  

Jaakkola, N., Karvinen, M., Hakio, K., Wolff, L. A., 
Mattelmäki, T., & Friman, M. (2022). Becoming self-
aware–How do self-awareness and transformative 
learning fit in the sustainability competency 
discourse? Frontiers in Education, 7. https://doi.org 
/10.3389/feduc.2022.855583  

Janprasert, B., Lawthong, N., & Ngudgratoke, S. (2020). 
Examining and controlling rater severity and 
leniency effects on alignment evaluation between 
science items and science learning indicators using 
many-facets Rasch modeling. Kasetsart Journal of 
Social Sciences, 41(3), 592-597. https://doi.org/ 
10.34044/j.kjss.2020.41.3.22  

Järvenoja, H., Malmberg, J., Törmänen, T., Mänty, K., 
Haataja, E., Ahola, S., & Järvelä, S. (2020). A 
collaborative learning design for promoting and 
analyzing adaptive motivation and emotion 
regulation in the science classroom. Frontiers in 
Education, 5, 1-16. https://doi.org/10.3389/feduc. 
2020.00111  

Jeno, L. M., Dettweiler, U., & Grytnes, J. A. (2020). The 
effects of a goal-framing and need-supportive app 
on undergraduates’ intentions, effort, and 
achievement in mobile science learning. Computers 
and Education, 159, 104022. https://doi.org/10. 
1016/j.compedu.2020.104022  

Jeong, J. S., González-Gómez, D., Conde-Núñez, M. C., 
Sánchez-Cepeda, J. S., & Yllana-Prieto, F. (2021). 
Improving climate change awareness of preservice 
teachers (PSTs) through a university science 
learning environment. Education Sciences, 11(2), 1-
17. https://doi.org/10.3390/educsci11020078  

Jorde, D., & Dillon, J. (2012). Science education research and 
practice in Europe: Retrospective and prospective. 
Springer. https://doi.org/10.1007/978-94-6091-
900-8  

Jurek, M., Frajer, J., Fiedor, D., Brhelová, J., Hercik, J., Jáč, 
M., & Lehnert, M. (2022). Knowledge of global 
climate change among Czech students and its 
influence on their beliefs in the efficacy of 
mitigation action. Environmental Education Research, 
28(8), 1126-1143. https://doi.org/10.1080/1350462 
2.2022.2086687  

Kaptan, K., & Timurlenk, O. (2012). Challenges for 
science education. Procedia-Social and Behavioral 
Sciences, 51, 763-771. https://doi.org/10.1016/ 
j.sbspro.2012.08.237  

https://doi.org/10.1186/s40594-022-00363-x
https://doi.org/10.29333/ejmste/8490
https://doi.org/10.29333/ejmste/12235
https://doi.org/10.22219/jpbi.v8i2.21041
https://doi.org/10.22219/raden.v2i2.23224
https://doi.org/10.22219/raden.v2i2.23224
https://doi.org/10.29333/ejmste/11965
https://doi.org/10.31004/basicedu.v5i2.780
https://doi.org/10.1007/s11251-021-09558-1
https://doi.org/10.1007/s11251-021-09558-1
https://doi.org/10.1016/j.ijinfomgt.2020.102183
https://doi.org/10.1016/j.ijinfomgt.2020.102183
https://doi.org/10.1002/sce.21570
https://doi.org/10.3389/feduc.2022.855583
https://doi.org/10.3389/feduc.2022.855583
https://doi.org/10.34044/j.kjss.2020.41.3.22
https://doi.org/10.34044/j.kjss.2020.41.3.22
https://doi.org/10.3389/feduc.2020.00111
https://doi.org/10.3389/feduc.2020.00111
https://doi.org/10.1016/j.compedu.2020.104022
https://doi.org/10.1016/j.compedu.2020.104022
https://doi.org/10.3390/educsci11020078
https://doi.org/10.1007/978-94-6091-900-8
https://doi.org/10.1007/978-94-6091-900-8
https://doi.org/10.1080/13504622.2022.2086687
https://doi.org/10.1080/13504622.2022.2086687
https://doi.org/10.1016/j.sbspro.2012.08.237
https://doi.org/10.1016/j.sbspro.2012.08.237


Nurwidodo et al. / A systematic literature review of science learning 

 

20 / 26 

Kervinen, A., Roth, W. M., Juuti, K., & Uitto, A. (2020). 
The resurgence of everyday experiences in school 
science learning activities. Cultural Studies of Science 
Education, 15(4), 1019-1045. https://doi.org/10. 
1007/s11422-019-09968-1  

Ketelhut, D. J. (2007). The impact of student self-efficacy 
on scientific inquiry skills: An exploratory 
investigation in river city, a multi-user virtual 
environment. Journal of Science Education and 
Technology, 16(1), 99-111. https://doi.org/10.1007/ 
s10956-006-9038-y  

Khan, S., & Krell, M. (2021). Patterns of scientific 
reasoning skills among pre-service science 
teachers: A latent class analysis. Education Sciences, 
11(10), 647. https://doi.org/10.3390/educsci11100 
647  

Khoiri, N., Huda, C., Rusilowati, A., Wiyanto, Sulhadi, 
& Wicaksono, A. G. C. (2020). The impact of guided 
inquiry learning with digital swing model on 
students’ generic science skill. Jurnal Pendidikan IPA 
Indonesia [Journal of Indonesian Science Education], 
9(4), 554-560. https://doi.org/10.15294/jpii.v9i4. 
26644  

Kilty, T. J., & Burrows, A. C. (2020). Systematic review of 
outdoor science learning activities with the 
integration of mobile devices. International Journal of 
Mobile and Blended Learning, 12(2), 33-56. 
https://doi.org/10.4018/IJMBL.2020040103  

Kim, D. (2020). The correlation analysis between Korean 
middle school students’ emotional level and 
friendship in science learning. Jurnal Pendidikan IPA 
Indonesia [Journal of Science Education Indonesia], 
9(1), 22-31. https://doi.org/10.15294/jpii.v9i1. 
22744  

Kim, S. L., & Kim, D. (2021). English learners’ science-
literacy practice through explicit writing 
instruction in invention-based learning. 
International Journal of Educational Research Open, 2, 
100029. https://doi.org/10.1016/j.ijedro.2020. 
100029  

Kind, P. M. (1999). Performance assessment in science - 
what are we measuring? Studies in Educational 
Evaluation, 25(3), 179-194. https://doi.org/10.1016 
/S0191-491X(99)00021-8  

Kinnula, M., & Iivari, N. (2021). Manifesto for children’s 
genuine participation in digital technology design 
and making. International Journal of Child-Computer 
Interaction, 28. https://doi.org/10.1016/j.ijcci.2020. 
100244  

Kinnula, M., Durall, E., & Haukipuro, L. (2022). 
Imagining better futures for everybody–
Sustainable entrepreneurship education for future 
design protagonists. ACM International Conference 
Proceeding Series. https://doi.org/10.1145/3535227 
.3535229  

Kinnula, M., Iivari, N., & Fails, J. A. (2021). Children’s 
learning in focus: Creating value through diversity 
and transdisciplinary work in design, digital 
fabrication, and making with children. International 
Journal of Child-Computer Interaction, 28. 
https://doi.org/10.1016/j.ijcci.2020.100246  

Kinnula, M., Iivari, N., Kotilainen, S., Okkonen, J., & 
Sharma, S. (2020). Researchers’ toolbox for the 
future: Designing the future of technology with and 
for children. Extended Abstracts–Proceedings of the 
2020 ACM Interaction Design and Children 
Conference, 2020, 62-68. https://doi.org/10.1145/ 
3397617.3398064  

Kinnula, M., Iivari, N., Sánchez Milara, I., & Ylioja, J. 
(2020). Guidelines for empowering children to 
make and shape digital technology–Case Fab Lab 
Oulu. In M. Giannakos (Ed.), Non-formal and 
informal science learning in the ICT era. (pp. 153-177). 
Springer. https://doi.org/10.1007/978-981-15-674 
7-6_9  

Kinnula, M., Sánchez Milara, I., Norouzi, B., Sharma, S., 
& Iivari, N. (2021). The show must go on! Strategies 
for making and makerspaces during pandemic. 
International Journal of Child-Computer Interaction, 
29. https://doi.org/10.1016/j.ijcci.2021.100303  

Kola, A. J. (2013). Importance of science education to 
national development and problems militating 
against its development. American Journal of 
Educational Research, 1(7), 225-229. https://doi.org/ 
10.12691/education-1-7-2  

Koretsky, M. D., Vauras, M., Jones, C., Iiskala, T., & 
Volet, S. (2021). Productive disciplinary 
engagement in high- and low-outcome student 
groups: Observations from three collaborative 
science learning contexts. Research in Science 
Education, 51, 159-182. https://doi.org/10.1007/ 
s11165-019-9838-8  

Koto, I., & Susanta, A. (2019). Introducing outdoor 
learning in science and mathematics to elementary 
school teachers via professional development. 
Advances in Social Science, Education and Humanities 
Research, 295, 287-290. https://doi.org/10.2991/ 
icetep-18.2019.69  

Krell, M., Vorholzer, A., & Nehring, A. (2022). Scientific 
reasoning in science education: From global 
measures to fine-grained descriptions of students’ 
competencies. Education Sciences, 12(2), 97. 
https://doi.org/10.3390/educsci12020097  

Kumar, A., Sarkar, M., Davis, E., Morphet, J., Maloney, 
S., Ilic, D., & Palermo, C. (2021). Impact of the 
COVID-19 pandemic on teaching and learning in 
health professional education: A mixed methods 
study protocol. BMC Medical Education, 21(1), 1-7. 
https://doi.org/10.1186/s12909-021-02871-w  

https://doi.org/10.1007/s11422-019-09968-1
https://doi.org/10.1007/s11422-019-09968-1
https://doi.org/10.1007/s10956-006-9038-y
https://doi.org/10.1007/s10956-006-9038-y
https://doi.org/10.3390/educsci11100647
https://doi.org/10.3390/educsci11100647
https://doi.org/10.15294/jpii.v9i4.26644
https://doi.org/10.15294/jpii.v9i4.26644
https://doi.org/10.4018/IJMBL.2020040103
https://doi.org/10.15294/jpii.v9i1.22744
https://doi.org/10.15294/jpii.v9i1.22744
https://doi.org/10.1016/j.ijedro.2020.100029
https://doi.org/10.1016/j.ijedro.2020.100029
https://doi.org/10.1016/S0191-491X(99)00021-8
https://doi.org/10.1016/S0191-491X(99)00021-8
https://doi.org/10.1016/j.ijcci.2020.100244
https://doi.org/10.1016/j.ijcci.2020.100244
https://doi.org/10.1145/3535227.3535229
https://doi.org/10.1145/3535227.3535229
https://doi.org/10.1016/j.ijcci.2020.100246
https://doi.org/10.1145/3397617.3398064
https://doi.org/10.1145/3397617.3398064
https://doi.org/10.1007/978-981-15-6747-6_9
https://doi.org/10.1007/978-981-15-6747-6_9
https://doi.org/10.1016/j.ijcci.2021.100303
https://doi.org/10.12691/education-1-7-2
https://doi.org/10.12691/education-1-7-2
https://doi.org/10.1007/s11165-019-9838-8
https://doi.org/10.1007/s11165-019-9838-8
https://doi.org/10.2991/icetep-18.2019.69
https://doi.org/10.2991/icetep-18.2019.69
https://doi.org/10.3390/educsci12020097
https://doi.org/10.1186/s12909-021-02871-w


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

21 / 26 

Kurniati, E., Ibrohim, I., Suryadi, A., & Saefi, M. (2022). 
International scientific collaboration and research 
Topics on STEM education: A systematic review. 
EURASIA Journal of Mathematics, Science and 
Technology Education, 18(4), em2095. 
https://doi.org/10.29333/ejmste/11903  

Kurniawan, D. A., Asrial, A., Aprizal, L., Maison, M., & 
Zurweni, Z. (2022). The role of religion and culture 
on student attitudes in science learning. Cypriot 
Journal of Educational Sciences, 17(6), 1983-2000. 
https://doi.org/10.18844/cjes.v17i6.7491  

Lee, S. W. Y., Shih, M., Liang, J. C., & Tseng, Y. C. (2021). 
Investigating learners’ engagement and science 
learning outcomes in different designs of 
participatory simulated games. British Journal of 
Educational Technology, 52(3), 1197-1214. 
https://doi.org/10.1111/bjet.13067  

Leonard, W. H. (2002). How do college students learn 
science? National Science Teachers Association. 

Lundgren, L., Crippen, K. J., & Bex, R. T. (2022). Social 
media interaction as informal science learning: A 
comparison of message design in two niches. 
Research in Science Education, 52(1), 1-20. 
https://doi.org/10.1007/s11165-019-09911-y  

Macias, M., Iveland, A., Rego, M., & White, M. S. (2022). 
The impacts of COVID-19 on K-8 science teaching 
and teachers. Disciplinary and Interdisciplinary 
Science Education Research, 4, 1. https://doi.org/ 
10.1186/s43031-022-00060-3  

Mahler, D., Bock, D., & Bruckermann, T. (2021). 
Preservice biology teachers’ scientific reasoning 
skills and beliefs about nature of science: How do 
they develop and is there a mutual relationship 
during the development? Education Sciences, 11(1), 
558. https://doi.org/10.3390/educsci12010021  

Marpaung, R. R. T., Yolida, B., & Putri, F. R. (2021). 
Student’s scientific literacy on environmental 
pollution material based on SETS learning 
approach combined with Vee Diagram. Jurnal 
Pendidikan Biologi Indonesia [Journal of Biological 
Education Indonesia], 7(2), 117-125. https://doi.org/ 
10.22219/jpbi.v7i2.15718  

Marshall, D., & Conana, H. (2021). Multimodality and 
new materialism in science learning: Exploring 
insights from an introductory physics lesson. 
Education as Change, 25(1), 1-18. https://doi.org/ 
10.25159/1947-9417/8848  

Martin, A. J., Collie, R. J., & Nagy, R. P. (2021). 
Adaptability and high school students’ online 
learning during COVID-19: A job demands-
resources perspective. Frontiers in Psychology, 12, 1-
15. https://doi.org/10.3389/fpsyg.2021.702163  

Martins-Loução, M. A., Gaio-Oliveira, G., Barata, R., & 
Carvalho, N. (2020). Inquiry-based science learning 
in the context of a continuing professional 

development program for biology teachers. Journal 
of Biological Education, 54(5), 497-513. 
https://doi.org/10.1080/00219266.2019.1609566  

Mathies, C., Kivistö, J., & Birnbaum, M. (2020). 
Following the money? Performance-based funding 
and the changing publication patterns of Finnish 
academics. Higher Education, 79(1), 21-37. 
https://doi.org/10.1007/s10734-019-00394-4  

Matovu, H., Ungu, D. A. K., Won, M., Tsai, C. C., 
Treagust, D. F., Mocerino, M., & Tasker, R. (2022). 
Immersive virtual reality for science learning: 
Design, implementation, and evaluation. Studies in 
Science Education. https://doi.org/10.1080/ 
03057267.2022.2082680  

Matuk, C., Martin, R., Vasudevan, V., Burgas, K., 
Chaloner, K., Davidesco, I., Sadhukha, S., 
Shevchenko, Y., Bumbacher, E., & Dikker, S. (2021). 
Students learning about science by investigating an 
unfolding pandemic. AERA Open, 7(1), 1-19. 
https://doi.org/10.1177/23328584211054850  

Matzembacher, D. E., Gonzales, R. L., & do Nascimento, 
L. F. M. (2019). From informing to practicing: 
Students’ engagement through practice-based 
learning methodology and community services. 
The International Journal of Management Education, 
17(2), 191-200. https://doi.org/10.1016/j.ijme.2019 
.03.002  

Mayarni, M., & Nopiyanti, E. (2021). Critical and 
analytical thinking skill in ecology learning: A 
correlational study. Jurnal Pendidikan Biologi 
Indonesia [Journal of Biological Education Indonesia], 
7(1), 63-70. https://doi.org/10.22219/jpbi.v7i1. 
13926  

McCollum, B. M. (2020). Online collaborative learning in 
STEM. In J. J. Mintzes, & E. M. Walter (Eds.), Active 
learning in college science (pp. 621-637). Springer. 
https://doi.org/10.1007/978-3-030-33600-4_38  

Meilinda, Rustaman, N. Y., & Tjasyono, B. (2017). The 
perceptions of pre-service science teachers and 
science teachers about climate change. Jurnal 
Pendidikan IPA Indonesia [Journal of Science Education 
Indonesia], 6(2), 292-297. https://doi.org/10.15294/ 
jpii.v6i2.9490  

Meister, S., & Upmeier Zu Belzen, A. (2021). Analysis of 
data-based scientific reasoning from a product-
based and a process-based perspective. Education 
Sciences, 11(10), 639. https://doi.org/10.3390/ 
educsci11100639  

Membiela, P., Vidal, M., Fragueiro, S., Lorenzo, M., 
García-Rodeja, I., Aznar, V., Bugallo, A., & 
González, A. (2022). Motivation for science learning 
as an antecedent of emotions and engagement in 
preservice elementary teachers. Science Education, 
106(1), 119-141. https://doi.org/10.1002/sce.21686  

https://doi.org/10.29333/ejmste/11903
https://doi.org/10.18844/cjes.v17i6.7491
https://doi.org/10.1111/bjet.13067
https://doi.org/10.1007/s11165-019-09911-y
https://doi.org/10.1186/s43031-022-00060-3
https://doi.org/10.1186/s43031-022-00060-3
https://doi.org/10.3390/educsci12010021
https://doi.org/10.22219/jpbi.v7i2.15718
https://doi.org/10.22219/jpbi.v7i2.15718
https://doi.org/10.25159/1947-9417/8848
https://doi.org/10.25159/1947-9417/8848
https://doi.org/10.3389/fpsyg.2021.702163
https://doi.org/10.1080/00219266.2019.1609566
https://doi.org/10.1007/s10734-019-00394-4
https://doi.org/10.1080/03057267.2022.2082680
https://doi.org/10.1080/03057267.2022.2082680
https://doi.org/10.1177/23328584211054850
https://doi.org/10.1016/j.ijme.2019.03.002
https://doi.org/10.1016/j.ijme.2019.03.002
https://doi.org/10.22219/jpbi.v7i1.13926
https://doi.org/10.22219/jpbi.v7i1.13926
https://doi.org/10.1007/978-3-030-33600-4_38
https://doi.org/10.15294/jpii.v6i2.9490
https://doi.org/10.15294/jpii.v6i2.9490
https://doi.org/10.3390/educsci11100639
https://doi.org/10.3390/educsci11100639
https://doi.org/10.1002/sce.21686


Nurwidodo et al. / A systematic literature review of science learning 

 

22 / 26 

Miller, E. R. (2015). Improve undergraduate science 
education. Nature, 523(7560), 282-284. 
https://doi.org/10.1038/523282a 

Millis, B. J. (2016). Using metacognition to promote 
learning. IDEA Paper, 63, 1-9. 

Mishra, L., Gupta, T., & Shree, A. (2020). Online 
teaching-learning in higher education during 
lockdown period of COVID-19 pandemic. 
International Journal of Educational Research Open, 1, 
100012. https://doi.org/10.1016/j.ijedro.2020. 
100012  

Montenegro‐rueda, M., Luque‐de la Rosa, A., Sánchez‐
serrano, J. L. S., & Fernández‐cerero, J. (2021). 
Assessment in higher education during the covid‐
19 pandemic: A systematic review. Sustainability 
(Switzerland), 13(19), 10509. https://doi.org/10. 
3390/su131910509  

Moreno, J. C., & Vinck, D. (2021). Encounters between 
philosophy of science, philosophy of technology 
and STS. Revue D’anthropologie des Connaissances 
[Journal of Anthropology of Knowledge], 15(2). 
https://doi.org/10.4000/rac.23127  

Muhlasin, W. Y., Handayani, F., Demak, I. P. K., & 
Fitriana, Y. (2022). Learning media development of 
the cheap skin-based model for medical faculty 
students at Tadulako University. Research and 
Development of Education, 2(1), 12-18. 
https://doi.org/10.22219/raden.v2i1.19875  

Nada, H. N., Fajarningsih, R. U., & Astirin, O. P. (2021). 
Environmental education to build school members’ 
character. Jurnal Pendidikan Biologi Indonesia [Journal 
of Biological Education Indonesia], 7(1), 43-52. 
https://doi.org/10.22219/jpbi.v7i1.14283  

Nainggolan, V. A., Pramana, R., & Pudji, S. (2021). 
Learning Bryophyta: Improving students’ scientific 
literacy through problem-based learning. Jurnal 
Pendidikan Biologi Indonesia [Journal of Biological 
Education Indonesia], 7(1), 71-82. https://doi.org/ 
10.22219/jpbi.v7i1.15220 

Neema, S., & Chandrashekar, L. (2021). Research 
funding–Why, when, and how? Indian Dermatology 
Online Journal, 12(1), 134-138. https://doi.org/ 
10.4103/idoj.IDOJ_684_20 

Ngabiyanto, N., Nurkhin, A., Mukhibad, H., & Harsono, 
H. (2021). E-learning evaluation using general 
extended technology acceptance model approach 
at schools in COVID-19 pandemic. European Journal 
of Educational Research, 10(3), 1171-1180. 
https://doi.org/10.12973/eu-jer.10.3.1171 

Nichols, K., & Nielsen, W. (2022). Research in science 
education. Springer. 

Nida, S., Mustikasari, V. R., & Eilks, I. (2021). Indonesian 
pre-service science teachers’ views on socio-
scientific issues-based science learning. EURASIA 
Journal of Mathematics, Science and Technology 

Education, 17(1), em1932. https://doi.org/10.29333 
/ejmste/9573  

Nida, S., Pratiwi, N., & Eilks, I. (2021). A case study on 
the use of contexts and socio-scientific issues-based 
science education by pre-service junior high school 
science teachers in Indonesia during their final year 
teaching internship. Frontiers in Education, 5, 1-8. 
https://doi.org/10.3389/feduc.2020.592870  

Nugroho, O. F., Permanasari, A., & Firman, H. (2019). 
The movement of STEM education in Indonesia: 
Science teachers’ perspectives. Jurnal Pendidikan 
IPA Indonesia [Journal of Science Education Indonesia], 
8(3), 417-425. https://doi.org/10.15294/jpii.v8i3. 
19252  

Nur, Q., Nur, I., Fatnatin, F., & Rahmatika, P. (2022). 
Electronic module protist material based on ASICC 
learning strategies. Research and Development of 
Education, 2(1), 40-50. https://doi.org/10.22219/ 
raden.v2i1.20363  

Nurhayati, Lasmawan, I. W., Arnyana, I. B. P., & 
Candiasa, I. M. (2022). The effectiveness of 
animated videos to improve science process skills 
and creativity in science learning during COVID-19 
pandemic. International Journal of Health Sciences, 
6(2), 942-955. https://doi.org/10.53730/ijhs.v6n2. 
8971  

Nurhayatus, I., Hadi, S., Budiyanto, M. A. K., 
Rahardjanto, A., & Hudha, A. M. (2022). 
Development of articulate storyline learning media 
to improve biology learning outcomes for junior 
high school students. Research and Development in 
Education, 2(2), 51-56. https://doi.org/10.22219/ 
raden.v2i2.23232  

Nusantari, E., Utina, R., Katili, A. S., Tamu, Y., & 
Damopolii, I. (2020). Effectiveness of 
environmentally-based science learning towards 
environmentally-friendly character of students in 
coastal area. International Journal of Instruction, 
13(3), 233-246. https://doi.org/10.29333/iji.2020. 
13316a  

Nwona, H. A. (2013). Climate change: Causes, effects 
and the need for science education for sustainable 
development. Mediterranean Journal of Social 
Sciences, 4(8), 35-41. https://doi.org/10.5901/ 
mjss.2013.v4n8p35  

Okey, J. R. (1995). Performance assessment and science 
learning: Rationale for computers. Journal of Science 
Education and Technology, 4(1), 81-87. 
https://doi.org/10.1007/BF02211585  

Oliver, S. K., Fergus, C. E., Skaff, N. K., Wagner, T., Tan, 
P. N., Cheruvelil, K. S., & Soranno, P. A. (2018). 
Strategies for effective collaborative manuscript 
development in interdisciplinary science teams. 
Ecosphere, 9(4), 1-13. https://doi.org/10.1002/ecs2. 
2206  

https://doi.org/10.1038/523282a
https://doi.org/10.1016/j.ijedro.2020.100012
https://doi.org/10.1016/j.ijedro.2020.100012
https://doi.org/10.3390/su131910509
https://doi.org/10.3390/su131910509
https://doi.org/10.4000/rac.23127
https://doi.org/10.22219/raden.v2i1.19875
https://doi.org/10.22219/jpbi.v7i1.14283
https://doi.org/10.22219/jpbi.v7i1.15220
https://doi.org/10.22219/jpbi.v7i1.15220
https://doi.org/10.4103/idoj.IDOJ_684_20
https://doi.org/10.4103/idoj.IDOJ_684_20
https://doi.org/10.12973/eu-jer.10.3.1171
https://doi.org/10.29333/ejmste/9573
https://doi.org/10.29333/ejmste/9573
https://doi.org/10.3389/feduc.2020.592870
https://doi.org/10.15294/jpii.v8i3.19252
https://doi.org/10.15294/jpii.v8i3.19252
https://doi.org/10.22219/raden.v2i1.20363
https://doi.org/10.22219/raden.v2i1.20363
https://doi.org/10.53730/ijhs.v6n2.8971
https://doi.org/10.53730/ijhs.v6n2.8971
https://doi.org/10.22219/raden.v2i2.23232
https://doi.org/10.22219/raden.v2i2.23232
https://doi.org/10.29333/iji.2020.13316a
https://doi.org/10.29333/iji.2020.13316a
https://doi.org/10.5901/mjss.2013.v4n8p35
https://doi.org/10.5901/mjss.2013.v4n8p35
https://doi.org/10.1007/BF02211585
https://doi.org/10.1002/ecs2.2206
https://doi.org/10.1002/ecs2.2206


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

23 / 26 

Opere, W. M. (2021). Negative impacts of the current 
COVID-19 crisis on science education in Kenya: 
How certain can we be about the efficacy of the 
science learning framework online? Journal of 
Microbiology & Biology Education, 22(1), 1-6. 
https://doi.org/10.1128/jmbe.v22i1.2559  

Osborne, J., & Dillon, J. (2008). Science education in 
Europe: Critical reflections. The Nuffield Foundation. 
https://www.nuffieldfoundation.org/about/publ
ications/science-education-in-europe-critical-
reflections  

Outhwaite, D. E., Banham, J., & Cummings, A. (2022). A 
case study of the benefits of the science learning 
partnerships in early years and primary education 
in England. Education Sciences, 12(2), 107. 
https://doi.org/10.3390/educsci12020107  

Pande, P., Thit, A., Sørensen, A. E., Mojsoska, B., Moeller, 
M. E., & Jepsen, P. M. (2021). Long-term 
effectiveness of immersive VR simulations in 
undergraduate science learning: Lessons from a 
media-comparison study. Research in Learning 
Technology, 29(1063519), 1-24. https://doi.org/10. 
25304/rlt.v29.2482  

Park, N. E., Choe, S. U., & Kim, C. J. (2020). Analysis of 
climate change education (CCE) programs: 
Focusing on cultivating citizen activists to respond 
to climate change. Asia-Pacific Science Education, 
6(1), 15-40. https://doi.org/10.1163/23641177-
BJA00004  

Parker, R., Thomsen, B. S., & Berry, A. (2022). Learning 
through play at school–A framework for policy and 
practice. Frontiers in Education, 7, 1-12. 
https://doi.org/10.3389/feduc.2022.751801  

Peffer, M., & Renken, M. (2016). Practical strategies for 
collaboration across discipline-based education 
research and the learning sciences. CBE Life Sciences 
Education, 15(4), 1-10. https://doi.org/10.1187/ 
cbe.15-12-0252  

Penuel, W. R., Reiser, B. J., McGill, T. A. W., Novak, M., 
Van Horne, K., & Orwig, A. (2022). Connecting 
student interests and questions with science 
learning goals through project-based storylines. 
Disciplinary and Interdisciplinary Science Education 
Research, 4(1), 1-27. https://doi.org/10.1186/ 
s43031-021-00040-z  

Pierson, A. E., Clark, D. B., & Brady, C. E. (2021). 
Scientific modeling and translanguaging: A 
multilingual and multimodal approach to support 
science learning and engagement. Science Education, 
105(4), 776-813. https://doi.org/10.1002/sce.21622  

Pokhrel, S., & Chhetri, R. (2021). A literature review on 
impact of COVID-19 pandemic on teaching and 
learning. Higher Education for the Future, 8(1), 133-
141. https://doi.org/10.1177/2347631120983481  

Porfolio, B., Gorlewski, J., & Gorlewski, D. (2022). Long-
term research and development in science education. 
Brill. 

Pradhan, P., Subedi, D. R., Khatiwada, D., Joshi, K. K., 
Kafle, S., Chhetri, R. P., Dhakal, S., Gautam, A. P., 
Khatiwada, P. P., Mainaly, J., Onta, S., Pandey, V. 
P., Parajuly, K., Pokharel, S., Satyal, P., Singh, D. R., 
Talchabhadel, R., Tha, R., Thapa, B. R., …, & Bhuju, 
D. R. (2021). The COVID-19 pandemic not only 
poses challenges, but also opens opportunities for 
sustainable transformation. Earth’s Future, 9(7), 1-
14. https://doi.org/10.1029/2021EF001996  

Prasetyo, I., Rofieq, A., Sukarsono, S., & Permana, T. I. 
(2022). How kidneys work? Developing of 
Android-based Adobe ani-mate media for senior 
high school students. Research and Education, 2(1), 
19-32. https://doi.org/10.22219/raden.v2i1.20378  

Rahardjanto, A., Husamah, H., Hadi, S., & Lestari, N. 
(2022). The environmental attitude of the 
prospective biology teachers in Indonesia. Jurnal 
Pendidikan Biologi Indonesia [Journal of Biological 
Education Indonesia], 8(3), 255-264. https://doi.org/ 
10.22219/jpbi.v8i3.22855 

Rahmawati, Y., Ridwan, A., Cahyana, U., & 
Wuryaningsih, T. (2020). The integration of 
ethnopedagogy in science learning to improve 
student engagement and cultural awareness. 
Universal Journal of Educational Research, 8(2), 662-
671. https://doi.org/10.13189/ujer.2020.080239  

Rahmouni, M., & Aleid, M. A. (2020). Teachers’ practices 
and children’s motivation towards science learning 
in MENA countries: Evidence from Tunisia and 
UAE. International Journal of Educational Research, 
103, 101605. https://doi.org/10.1016/j.ijer.2020. 
101605  

Razali, Halim, A., Haji, A. G., & Nurfadilla, E. (2020). 
Effect of inquiry learning methods on generic 
science skills based on creativity level. Journal of 
Physics: Conference Series, 1460, 012118. 
https://doi.org/10.1088/1742-6596/1460/1/ 
012118  

Reimers, F., Schleicher, A., Saavedra, J., & Tuominen, S. 
(2020). Supporting the continuation of teaching and 
learning during the COVID-19 pandemic. 
Annotated resources for online learning. OECD. 
https://www.oecd.org/education/Supporting-
the-continuation-of-teaching-and-learning-during-
the-COVID-19-pandemic.pdf  

Reis, P. (2021). Challenges to science education in 
troubled times. Ciência & Educação (Bauru) [Science 
& Education (Bauru)], 27(e21000), 1-9. 
https://doi.org/10.1590/1516-731320210000 

Reiss, M. J. (2020). Science education in the light of 
COVID-19: The contribution of history, philosophy 
and sociology of science. Science and Education, 

https://doi.org/10.1128/jmbe.v22i1.2559
https://www.nuffieldfoundation.org/about/publications/science-education-in-europe-critical-reflections
https://www.nuffieldfoundation.org/about/publications/science-education-in-europe-critical-reflections
https://www.nuffieldfoundation.org/about/publications/science-education-in-europe-critical-reflections
https://doi.org/10.3390/educsci12020107
https://doi.org/10.25304/rlt.v29.2482
https://doi.org/10.25304/rlt.v29.2482
https://doi.org/10.1163/23641177-BJA00004
https://doi.org/10.1163/23641177-BJA00004
https://doi.org/10.3389/feduc.2022.751801
https://doi.org/10.1187/cbe.15-12-0252
https://doi.org/10.1187/cbe.15-12-0252
https://doi.org/10.1186/s43031-021-00040-z
https://doi.org/10.1186/s43031-021-00040-z
https://doi.org/10.1002/sce.21622
https://doi.org/10.1177/2347631120983481
https://doi.org/10.1029/2021EF001996
https://doi.org/10.22219/raden.v2i1.20378
https://doi.org/10.22219/jpbi.v8i3.22855
https://doi.org/10.22219/jpbi.v8i3.22855
https://doi.org/10.13189/ujer.2020.080239
https://doi.org/10.1016/j.ijer.2020.101605
https://doi.org/10.1016/j.ijer.2020.101605
https://doi.org/10.1088/1742-6596/1460/1/012118
https://doi.org/10.1088/1742-6596/1460/1/012118
https://www.oecd.org/education/Supporting-the-continuation-of-teaching-and-learning-during-the-COVID-19-pandemic.pdf
https://www.oecd.org/education/Supporting-the-continuation-of-teaching-and-learning-during-the-COVID-19-pandemic.pdf
https://www.oecd.org/education/Supporting-the-continuation-of-teaching-and-learning-during-the-COVID-19-pandemic.pdf
https://doi.org/10.1590/1516-731320210000


Nurwidodo et al. / A systematic literature review of science learning 

 

24 / 26 

29(4), 1079-1092. https://doi.org/10.1007/s11191-
020-00143-5  

Roberts, P. (2021). Follow the leader: Child-led inquiries 
to develop science learning of young children. 
Journal of Childhood, Education and Society, 2(3), 303-
313. https://doi.org/10.37291/2717638X.2021231 
20  

Robinson, J. T. (1969). Philosophical and historical bases 
of science teaching. Review of Educational Research, 
39(4), 459-471. https://doi.org/10.2307/1169709  

Rokhman, F., Mukhibad, H., Bagas Hapsoro, B., & 
Nurkhin, A. (2022). E-learning evaluation during 
the COVID-19 pandemic era based on the updated 
of Delone and McLean information systems success 
model. Cogent Education, 9(1). https://doi.org/ 
10.1080/2331186X.2022.2093490  

Rost, M., & Knuuttila, T. (2022). Models as epistemic 
artifacts for scientific reasoning in science 
education research. Education Sciences, 12(4), 276. 
https://doi.org/10.3390/educsci12040276  

Roth, W. M. (2022). Reflections during the COVID-19 
pandemic: Science, education, and everyday life. 
Canadian Journal of Science, Mathematics and 
Technology Education, 22(1), 250-258. 
https://doi.org/10.1007/s42330-022-00194-6  

Russell, P. (2022). The school experiment. Nature, 605, 
609-611. 

Ryane, I., & El Faddouli, N. E. (2020). A case study of 
using Edmodo to enhance computer science 
learning for engineering students. International 
Journal of Emerging Technologies in Learning, 15(3), 
62-73. https://doi.org/10.3991/ijet.v15i03.11252  

Sandvik, L. V., Svendsen, B., Strømme, A., Smith, K., 
Aasmundstad Sommervold, O., & Aarønes Angvik, 
S. (2022). Assessment during COVID-19: Students 
and teachers in limbo when the classroom 
disappeared. Educational Assessment, 2022, 1-16. 
https://doi.org/10.1080/10627197.2022.2122953  

Santoso, H. B., Riyanti, R. D., Prastati, T., Triatmoko, F. 
A. H. S., Susanty, A., & Yang, M. (2022). Learners’ 
online self-regulated learning skills in Indonesia 
Open University: Implications for policies and 
practice. Education Sciences, 12(7), 469. 
https://doi.org/10.3390/educsci12070469  

Saputro, B., Saerozi, M., & Ardhiansyah, F. (2020). 
Philosophical reflections: Critical analysis of 
learning strategies for science practicum during the 
COVID-19 pandemic. IJORER: International Journal 
of Recent Educational Research, 1(2), 78-89. 
https://doi.org/10.46245/ijorer.v1i2.26  

Saygitov, R. T. (2018). The impact of grant funding on the 
publication activity of awarded applicants: A 
systematic review of comparative studies and 
meta-analytical estimates. BioRxiv, 2018, 1-9. 
https://doi.org/10.1101/354662  

Schellinger, J., Enderle, P. J., Roberts, K., Skrob-Martin, 
S., Rhemer, D., & Southerland, S. A. (2021). 
Describing the development of the assessment of 
biological reasoning (ABR). Education Sciences, 
11(11), 669. https://doi.org/10.3390/educsci11110 
669  

Schleicher, A. (2020). The impact of COVID-19 on 
education: Insights from education at a glance 2020. 
OECD. https://doi.org/10.1787/eag-data-en  

Schulze, S. (2003). Views on the combination of 
quantitative and qualitative research approaches. 
Progressio [Development], 25(2), 8-20. 

Sejzi, A. A., & Aris, B. b. (2012). Constructivist approach 
in virtual universities. Procedia-Social and Behavioral 
Sciences, 56, 426-431. https://doi.org/10.1016/ 
j.sbspro.2012.09.672  

Shaji, M. G., & Indoshi, F. C. (2008). Conditions for 
implementation of the science curriculum in early 
childhood development and education centers in 
Kenya. Contemporary Issues in Early Childhood, 9(4), 
389-399. https://doi.org/10.2304/ciec.2008.9.4.389  

Shana, Z., & Alwaely, S. (2021). Does the flipped 
classroom boost student science learning and 
satisfaction? A pilot study from the UAE. 
International Journal of Instruction, 14(4), 607-626. 
https://doi.org/10.29333/iji.2021.14435a  

Sharif, A., & Khavarian-Garmsir, A. R. (2020). Since 
January 2020 Elsevier has created a COVID-19 
resource center with free information in English 
and Mandarin on the novel coronavirus COVID-19. 
The COVID-19 resource center is hosted on Elsevier 
Connect, the company’s public news and 
information. Science of the Total Environment Journal, 
749(142391), 1-15. https://doi.org/10.1016/ 
j.scitotenv.2020.142391  

Sharma, A. (2012). Global climate change: What has 
science education got to do with it? Science & 
Education, 21(1), 33-53. https://doi.org/10.1007/ 
s11191-011-9372-1  

Shavelson, R. J., Baxter, G. P., & Pine, J. (1991). 
Performance assessment in science. Applied 
Measurement in Education, 4(4), 347-362. 
https://doi.org/10.1207/s15324818ame0404_7  

Sherman, R., & Webb, R. B. (2005). Qualitative research in 
education. Routledge. https://doi.org/10.4324/ 
9780203645994 

Shi, L., & Kopcha, T. J. (2022). Moderator effects of 
mobile users’ pedagogical role on science learning: 
A meta-analysis. British Journal of Educational 
Technology. https://doi.org/10.1111/bjet.13210  

Siry, C., & Gorges, A. (2020). Young students’ diverse 
resources for meaning making in science: learning 
from multilingual contexts. International Journal of 
Science Education, 42(14), 2364-2386. https://doi.org 
/10.1080/09500693.2019.1625495  

https://doi.org/10.1007/s11191-020-00143-5
https://doi.org/10.1007/s11191-020-00143-5
https://doi.org/10.37291/2717638X.202123120
https://doi.org/10.37291/2717638X.202123120
https://doi.org/10.2307/1169709
https://doi.org/10.1080/2331186X.2022.2093490
https://doi.org/10.1080/2331186X.2022.2093490
https://doi.org/10.3390/educsci12040276
https://doi.org/10.1007/s42330-022-00194-6
https://doi.org/10.3991/ijet.v15i03.11252
https://doi.org/10.1080/10627197.2022.2122953
https://doi.org/10.3390/educsci12070469
https://doi.org/10.46245/ijorer.v1i2.26
https://doi.org/10.1101/354662
https://doi.org/10.3390/educsci11110669
https://doi.org/10.3390/educsci11110669
https://doi.org/10.1787/eag-data-en
https://doi.org/10.1016/j.sbspro.2012.09.672
https://doi.org/10.1016/j.sbspro.2012.09.672
https://doi.org/10.2304/ciec.2008.9.4.389
https://doi.org/10.29333/iji.2021.14435a
https://doi.org/10.1016/j.scitotenv.2020.142391
https://doi.org/10.1016/j.scitotenv.2020.142391
https://doi.org/10.1007/s11191-011-9372-1
https://doi.org/10.1007/s11191-011-9372-1
https://doi.org/10.1207/s15324818ame0404_7
https://doi.org/10.4324/9780203645994
https://doi.org/10.4324/9780203645994
https://doi.org/10.1111/bjet.13210
https://doi.org/10.1080/09500693.2019.1625495
https://doi.org/10.1080/09500693.2019.1625495


EURASIA J Math Sci Tech Ed, 2023, 19(2), em2224 

25 / 26 

Skarstein, T. H., & Ugelstad, I. B. (2020). Outdoors as an 
arena for science learning and physical education in 
kindergarten. European Early Childhood Education 
Research Journal, 28(6), 923-938. https://doi.org/ 
10.1080/1350293X.2020.1836590  

Snyder, H. (2019). Literature review as a research 
methodology: An overview and guidelines. Journal 
of Business Research, 104, 333-339. https://doi.org/ 
10.1016/j.jbusres.2019.07.039  

Solheri, S., Azhar, M., & Yohandri, Y. (2022). Analysis of 
ethnoscience integrated environmental literacy for 
junior high school. Jurnal Pendidikan Biologi 
Indonesia [Journal of Biological Education Indonesia], 
8(2), 178-188. https://doi.org/10.22219/jpbi.v8i2. 
17657  

Sotiriou, S. A., Lazoudis, A., & Bogner, F. X. (2020). 
Inquiry-based learning and e-learning: How to 
serve high and low achievers. Smart Learning 
Environments, 7(1). https://doi.org/10.1186/ 
s40561-020-00130-x  

Soysal, Y. (2022). Science curriculum objectives’ 
intellectual demands: A thematic analysis. Journal of 
Science Learning, 5(1), 127-140. https://doi.org/10. 
17509/jsl.v5i1.35439  

Stinner, A., Mcmillan, B. A., Metz, D., Jilek, J. M., & 
Klassen, S. (2003). The renewal of case studies in 
science education. Science & Education, 12, 617-643. 
https://doi.org/10.1023/A:1025648616350  

Studhalter, U. T., Leuchter, M., Tettenborn, A., Elmer, A., 
Edelsbrunner, P. A., & Saalbach, H. (2021). Early 
science learning: The effects of teacher talk. 
Learning and Instruction, 71, 101371. https://doi.org 
/10.1016/j.learninstruc.2020.101371  

Suhendi, A., & Purwarno, P. (2018). Constructivist 
learning theory: The contribution to foreign 
language learning and teaching. KnE Social Sciences, 
3(4), 87-95. https://doi.org/10.18502/kss.v3i4.1921  

Sulistioning, R., Nugraha, U., Subagyo, A., Putri, Y. E., 
Sari, N., & Wiza, O. H. (2020). Investigation of 
learning science: Fun in learning, interest in 
learning time, social implications, scientific 
normality for science learning. Universal Journal of 
Educational Research, 8(4), 1126-1134. 
https://doi.org/10.13189/ujer.2020.080402  

Suraiya, N., Yusrizal, Majid, M. S. A., & Setiawan, D. 
(2020). The evaluation model of integrated social 
sciences learning program. Universal Journal of 
Educational Research, 8(11B), 5779-5789. 
https://doi.org/10.13189/ujer.2020.082212  

Szopinski, T., & Bachnik, K. (2022). Student evaluation of 
online learning during the COVID-19 pandemic. 
Technological Forecasting & Social Change, 
174(121203), 1-9. https://doi.org/10.1016/ 
j.techfore.2021.121203  

Telenius, M., Yli-Panula, E., Vesterinen, V. M., & Vauras, 
M. (2020). Argumentation within upper secondary 
school student groups during virtual science 
learning: Quality and quantity of spoken 
argumentation. Education Sciences, 10(12), 1-19. 
https://doi.org/10.3390/educsci10120393  

The Pontifical Academy of Sciences. (2022). Science 
education and climate change. PAS. 
https://www.pas.va/en/publications/acta/acta2
5pas/quere.html  

Thomas, A., Menon, A., Boruff, J., Rodriguez, A. M., & 
Ahmed, S. (2014). Applications of social 
constructivist learning theories in knowledge 
translation for healthcare professionals: A scoping 
review. Implementation Science, 9(1), 1-20. 
https://doi.org/10.1186/1748-5908-9-54  

Tisza, G., & Markopoulos, P. (2021). FunQ: Measuring 
the fun experience of a learning activity with 
adolescents. Current Psychology. https://doi.org/ 
10.1007/s12144-021-01484-2  

Tisza, G., Papavlasopoulou, S., Christidou, D., Iivari, N., 
Kinnula, M., & Voulgari, I. (2020). Patterns in 
informal and non-formal science learning activities 
for children-A Europe-wide survey study. 
International Journal of Child-Computer Interaction, 
25, 100184. https://doi.org/10.1016/j.ijcci.2020. 
100184  

Trott, C. D., & Weinberg, A. E. (2020). Science education 
for sustainability: Strengthening children’s science 
engagement through climate change learning and 
action. Sustainability, 12(16), 6400. https://doi.org/ 
10.3390/su12166400  

Tsai, Y.-L., & Tsai, C.-C. (2020). A meta-analysis of 
research on digital game-based science learning. 
Journal of Computer Assisted Learning, 36(3), 280-294. 
https://doi.org/10.1111/jcal.12430  

Uzzi, B., Mukherjee, S., Stringer, M., & Jones, B. (2013). 
Atypical combinations and scientific impact. 
Science, 342(6157), 468-472. https://doi.org/10. 
1126/science.1240474  

Vamos, S., Okan, O., Sentell, T., & Rootman, I. (2020). 
Making a case for “education for health literacy”: 
An international perspective. International Journal of 
Environmental Research and Public Health, 17(1436), 
1-18. https://doi.org/10.3390/ijerph17041436  

Varisa, N., & Fikri, A. A. (2022). Development of biology 
learning media based on video blogs (vlog) on 
environmental change topic. Research and 
Development of Education, 2(1), 33-39. 
https://doi.org/10.22219/raden.v2i1.22056  

Vaughan, C. (2008). Alternatives to the publication 
subsidy for research funding. South African Journal 
of Science, 104, 91-96. 

Verde, A., & Valero, J. M. (2021). Teaching and learning 
modalities in higher education during the 

https://doi.org/10.1080/1350293X.2020.1836590
https://doi.org/10.1080/1350293X.2020.1836590
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.22219/jpbi.v8i2.17657
https://doi.org/10.22219/jpbi.v8i2.17657
https://doi.org/10.1186/s40561-020-00130-x
https://doi.org/10.1186/s40561-020-00130-x
https://doi.org/10.17509/jsl.v5i1.35439
https://doi.org/10.17509/jsl.v5i1.35439
https://doi.org/10.1023/A:1025648616350
https://doi.org/10.1016/j.learninstruc.2020.101371
https://doi.org/10.1016/j.learninstruc.2020.101371
https://doi.org/10.18502/kss.v3i4.1921
https://doi.org/10.13189/ujer.2020.080402
https://doi.org/10.13189/ujer.2020.082212
https://doi.org/10.1016/j.techfore.2021.121203
https://doi.org/10.1016/j.techfore.2021.121203
https://doi.org/10.3390/educsci10120393
https://www.pas.va/en/publications/acta/acta25pas/quere.html
https://www.pas.va/en/publications/acta/acta25pas/quere.html
https://doi.org/10.1186/1748-5908-9-54
https://doi.org/10.1007/s12144-021-01484-2
https://doi.org/10.1007/s12144-021-01484-2
https://doi.org/10.1016/j.ijcci.2020.100184
https://doi.org/10.1016/j.ijcci.2020.100184
https://doi.org/10.3390/su12166400
https://doi.org/10.3390/su12166400
https://doi.org/10.1111/jcal.12430
https://doi.org/10.1126/science.1240474
https://doi.org/10.1126/science.1240474
https://doi.org/10.3390/ijerph17041436
https://doi.org/10.22219/raden.v2i1.22056


Nurwidodo et al. / A systematic literature review of science learning 

 

26 / 26 

pandemic: Responses to coronavirus disease 2019 
from Spain. Frontiers in Psychology, 12, 1-12. 
https://doi.org/10.3389/fpsyg.2021.648592  

Wang, C, Bauer, M., Burmeister, A. R., Hanauer, D. I., & 
Graham, M. J. (2020). College student meaning 
making and interest maintenance during COVID-
19: From course-based undergraduate research 
experiences (CUREs) to science learning being off-
campus and online. Frontiers in Education, 5. 
https://doi.org/10.3389/feduc.2020.590738  

Wang, C., Bauer, M., Burmeister, A. R., Hanauer, D. I., & 
Graham, M. J. (2020). College student meaning 
making and interest maintenance during Covid-19: 
From course-based undergraduate research 
experiences (CUREs) to science learning being off-
campus and online. Frontiers in Education, 5, 1-10. 
https://doi.org/10.3389/feduc.2020.590738  

Wang, J., & Shapira, P. (2015). Is there a relationship 
between research sponsorship and publication 
impact? An analysis of funding acknowledgments 
in nanotechnology papers. PLoS ONE, 10(2), 1-19. 
https://doi.org/10.1371/journal.pone.0117727  

Weinstein, Y., Madan, C. R., & Sumeracki, M. A. (2018). 
Teaching the science of learning. Cognitive Research: 
Principles and Implications, 3(1), 2. https://doi.org/ 
10.1186/s41235-017-0087-y  

Widowati, A., Nurohman, S., & Anjarsari, P. (2017). 
Developing science learning material with 
authentic inquiry learning approach to improve 
problem solving and scientific attitude. Jurnal 
Pendidikan IPA Indonesia [Journal of Indonesian 
Science Education], 6(1), 32-40. https://doi.org/ 
10.15294/jpii.v6i1.4851  

Wijayanti, I. A. K., Subagia, I. W., & Maryam, S. (2021). 
Analysis of the management of science learning 
during the COVID-19 pandemic in class X 
multimedia. Jurnal Imiah Pendidikan dan 
Pembelajaran [Scientific Journal of Education and 
Learning], 5(3), 376. https://doi.org/10.23887/ 
jipp.v5i3.38138  

Wilczewski, M., Gorbaniuk, O., & Giuri, P. (2021). The 
psychological and academic effects of studying 
from the home and host country during the 
COVID-19 pandemic. Frontiers in Psychology, 12, 1-
8. https://doi.org/10.3389/fpsyg.2021.644096  

Williams, A. T., & Svensson, M. (2021). Student teachers’ 
collaborative learning of science in small-group 
discussions. Scandinavian Journal of Educational 
Research, 65(6), 914-927. https://doi.org/10.1080/ 
00313831.2020.1788141  

Wilson, W. (2022). Why is collaboration important in 
science. collaboratory.ist. https://collaboratory.ist/ 

why-is-collaboration-and-communication-
important-in-science/  

Wisanti, Ambawati, R., Putri, E. K., Rahayu, D. A., & 
Khaleyla, F. (2021). Science online learning during 
the COVID-19 pandemic: Difficulties and 
challenges. Journal of Physics: Conference Series, 
1747(1), 012007. https://doi.org/10.1088/1742-
6596/1747/1/012007  

Xiao, Y., & Watson, M. (2019). Guidance on conducting 
a systematic literature review. Journal of Planning 
Education and Research, 39(1), 93-112. 
https://doi.org/10.1177/0739456X17723971  

Xu, W.-W., Su, C.-Y., Hu, Y., & Chen, C.-H. (2022). 
Exploring the effectiveness and moderators of 
augmented reality on science learning: A meta-
analysis. Journal of Science Education and Technology, 
31(5), 621-637. https://doi.org/10.1007/s10956-
022-09982-z  

Yager, R. (2015). STEM: A focus for current science 
education reforms. K-12 STEM Education, 1(1), 1-4. 

Yakob, M., Hamdani, H., Sari, R. P., Haji, A. G., & 
Nahadi, N. (2021). Implementation of performance 
assessment in STEM-based science learning to 
improve students’ habits of mind. International 
Journal of Evaluation and Research in Education, 10(2), 
624-631. https://doi.org/10.11591/ijere.v10i2. 
21084  

Zhang, K., & Gao, F. (2014). Social media for informal 
science learning in China: A case study. Knowledge 
Management & E-Learning, 6(63), 262-280. 
https://doi.org/10.34105/j.kmel.2014.06.018 

Zhao, S. X., Lou, W., Tan, A. M., & Yu, S. (2018). Do 
funded papers attract more usage? Scientometrics, 
115(1), 153-168. https://doi.org/10.1007/s11192-
018-2662-5  

Zidny, R., Solfarina, S., Aisyah, R. S. S., & Eilks, I. (2021). 
Exploring indigenous science to identify contents 
and contexts for science learning in order to 
promote education for sustainable development. 
Education Sciences, 11(3). https://doi.org/10.3390/ 
educsci11030114  

Zorlu, Y., & Zorlu, F. (2021). Investigation of the 
relationship between preservice science teachers’ 
21st century skills and science learning self-efficacy 
beliefs with structural equation model. Journal of 
Turkish Science Education, 18(1), 1-16. 
https://doi.org/10.36681/tused.2021.49  

Zydney, J. M., & Warner, Z. (2016). Mobile apps for 
science learning: Review of research. Computers & 
Education, 94, 1-17. https://doi.org/10.1016/ 
j.compedu.2015.11.001  

 

https://www.ejmste.com 

https://doi.org/10.3389/fpsyg.2021.648592
https://doi.org/10.3389/feduc.2020.590738
https://doi.org/10.3389/feduc.2020.590738
https://doi.org/10.1371/journal.pone.0117727
https://doi.org/10.1186/s41235-017-0087-y
https://doi.org/10.1186/s41235-017-0087-y
https://doi.org/10.15294/jpii.v6i1.4851
https://doi.org/10.15294/jpii.v6i1.4851
https://doi.org/10.23887/jipp.v5i3.38138
https://doi.org/10.23887/jipp.v5i3.38138
https://doi.org/10.3389/fpsyg.2021.644096
https://doi.org/10.1080/00313831.2020.1788141
https://doi.org/10.1080/00313831.2020.1788141
https://collaboratory.ist/why-is-collaboration-and-communication-important-in-science/
https://collaboratory.ist/why-is-collaboration-and-communication-important-in-science/
https://collaboratory.ist/why-is-collaboration-and-communication-important-in-science/
https://doi.org/10.1088/1742-6596/1747/1/012007
https://doi.org/10.1088/1742-6596/1747/1/012007
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1007/s10956-022-09982-z
https://doi.org/10.1007/s10956-022-09982-z
https://doi.org/10.11591/ijere.v10i2.21084
https://doi.org/10.11591/ijere.v10i2.21084
https://doi.org/10.34105/j.kmel.2014.06.018
https://doi.org/10.1007/s11192-018-2662-5
https://doi.org/10.1007/s11192-018-2662-5
https://doi.org/10.3390/educsci11030114
https://doi.org/10.3390/educsci11030114
https://doi.org/10.36681/tused.2021.49
https://doi.org/10.1016/j.compedu.2015.11.001
https://doi.org/10.1016/j.compedu.2015.11.001
https://www.ejmste.com/

	INTRODUCTION
	METHOD
	Research Framework
	Research Question
	Search Article and Inclusion Criteria

	RESULTS
	Publication Trend of Science Learning Theme
	Distribution year
	Research types/methods
	Author and keywords
	Author’s nationality and international collaboration
	Funding sponsor

	Perspectives of Science Learning

	DISCUSSION
	Publication Trend of Science Learning Theme
	Distribution year
	Research types/methods
	Author and keywords
	Author’s nationality and international collaboration
	Funding sponsor

	Transformation Form of Science Learning

	CONCLUSION
	REFERENCES

