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ABSTRACT

Thesis. In today’s education scene, the incorporation of digital technology
in schools has brought about a significant change beyond conventional limits, pro-
moting a new cultural mindset known as the digital school culture. The development
of “digital school culture” is one of the most prominent examples of the fusion of dig-
ital culture and school culture. The convergence of digital culture and scientific
competence is becoming more evident, encompassing not only the comprehension
of scientific knowledge but also the ability to adapt to swiftly evolving technolo-
gies, employ creative thinking, solve problems, make informed decisions, and apply
scientific reasoning to real-world scenarios. This scoping review aims to understand
the impact of digital school culture on students’ scientific literacy and science
educational outcomes.

Concept. Digital school culture is the integration of digital technologies and
educational practices in schools, involving the attitudes, behaviour, and practices
of educators, students, and administrators. The key elements of digital school culture
include strategy and leadership, educator preparedness, school preparedness, tech-
nological responsiveness, and digital pedagogy.
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Results and conclusion. This scoping review critically examines 10 studies
published between 2009 and 2022, with a primary focus on components of digital
school culture in science education. The review reveals that digital learning sys-
tems, digital environments to support student learning, digital technologies and
tools, a digital curriculum, and pedagogical practices involving digital technology
significantly improve scientific literacy.

Keywords: digital school culture, scientific literacy, digital literacy, science edu-
cation, scoping review

INTRODUCTION

Digital transformation is essential for human existence because science and
technology are essential in human everyday life. Mobile devices have a signifi-
cant impact on student learning by providing flexible access to information from
anywhere, reducing reliance on constant learning resources such as classrooms.
This improved availability ensures that research, collaboration, and homework are
done outside traditional classroom settings, fostering a dynamic and interactive
learning experience. Digital technologies offer new opportunities for personalised,
contextualised, and limitless learning (Crompton & Burke, 2015). Artificial
intelligence and learning analytics, for example, have demonstrated promising
applications in chemistry education, including student feedback analysis, under-
standing of chemical concepts, and investigating cognitive processes (Chiu, 2021).
Several other studies have shown that robotics-based education opens up several
opportunities for students to design, engineer, and programme a robot as they learn
sciences (Caliskan, 2020; Cavas et al., 2012). For example, a study conducted
by Erkan Caliskan (2020) found that students who engage in robotic-related activi-
ties exhibit higher levels of scientific literacy and problem-solving skills in science
compared to those who do not participate in such activities.

Integration of digital culture and scientific competence is becoming increas-
ingly apparent, involving not only understanding scientific facts but also adapting
to rapidly changing technologies, creative thinking, problem solving, informed
decision-making, and applying scientific reasoning to real-life situations.

In the digital age, schools should make digital technologies available to all
students so that they can meet the digital and scientific literacy requirements they
set. The scientific society is one where students can assimilate scientific facts,
understand the interconnectedness of science, technology, and society, and apply
their expertise to solving real-world problems (Sholikah & Pertiwi, 2021).

Every citizen of today’s age is expected to possess a scientific literacy rec-
ognised as an essential 21st century skill for the future development of scientifi-
cally competent citizens (Gurses et al., 2015; Turiman et al., 2012).



The Journal of Education Culture and Society Nel 2024

The concept of scientific literacy in education was presented for the first time
by, indicating that it is an ability to understand and use scientific knowledge in ev-
eryday life (Hurd, 1998). This suggests that individuals with scientific literacy can
effectively apply their acquired scientific knowledge to solve real-world problems
(The Organisation for Economic Co-operation and Development, 2003). In turn,
PISA science literacy was defined in 2015 as the capacity to engage critically with
science-related issues and concepts. A scientifically-literate person must explain
everyday phenomena, evaluate them, design investigations, and interpret evidence.
It involves applying scientific thinking to real-world situations, critically analysing
information, making informed decisions, and effectively communicating scientific
ideas (The Organisation for Economic Co-operation and Development, 2017).
Being literate in science also means using scientific principles daily (Fives et al.,
2014; Okada, 2013). In the digital age, scientific literacy is also one of the essential
forms of literacy, which necessitates the ability to adapt to change, think creatively,
make decisions, and solve problems (National Research Council et al., 2012). As
digital technologies continue to reshape our world, they have not only influenced
the way we access and disseminate scientific information but have also become
an integral part of what is referred to as “digital culture.” This culture is charac-
terised by the generation of new cultural data through contemporary electronic
technologies (Bowker, 2008; Faraj & Sharabi, 2021). A researcher, Charlie Gere,
argues that the prevalence of digital technology in our lives is the evidence of dig-
ital culture. He observes that “digitalisation can be considered a cultural marker
because it encompasses both artifacts and labeling and communication systems
that most clearly differentiate and distinguish our contemporary way of life from
those of other cultures” (Gere, 2002, p. 12). Digital culture is a culture of partic-
ipation, in which users not only ingest information but also contribute in various
ways (Buckingham, 2008; Uzelac et al., 2008). This participatory aspect of digital
culture is evident in the rise of user-generated content, such as social media posts,
blogs, and online forums. Users actively create and share their content, shaping
the digital landscape and influencing cultural discourse. Digital culture has also
brought about new forms of collaboration and collective intelligence, where indi-
viduals can come together online to solve problems, create innovative solutions,
and collectively build knowledge.

To summarise, the integration of digital culture and scientific competence is
becoming increasingly evident, encompassing not just understanding of scien-
tific facts but also adapting to rapidly changing technologies, creative thinking,
problem-solving, informed decision-making, and applying scientific reasoning
in real-life situations.

Based in the background mentioned earlier, this scoping review could provide
an opportunity to explore components of the digital school culture and, accord-
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ingly, expand traditional learning paradigms to improve student engagement and
scientific success in the future.

DIGITAL SCHOOL CULTURE

The definition of digital school culture remains non-exhaustive (?) due to its
dynamic nature, as it has constantly adapted and transformed alongside tech-
nological developments. As Reynald Setyawan (2022) suggests, “digital school
culture” (p. 142) is a complex combination of elements from both traditional
school culture and digital culture that go beyond simply broadcasting school
culture through digital means.

While no precise explanation of digital school culture can yet be found in scien-
tific literature, some scientists have nonetheless developed digital school models
that include elements closely linked to digital school cultural concepts. For ex-
ample, the Innovative Digital School (IDI) model, proposed by Liisa Ilomaki
and Minna Lakkala in 2018, focuses on pedagogical practices, school-level
knowledge practices, digital resources, and teacher collaboration efforts. While
the IDI model does not explicitly address the organisational and cultural dimen-
sions, it indirectly underscores the importance of cultivating a culture that is
characterised by creativity and adaptability, both among teachers and students.
Educators who use advanced pedagogical strategies, use digital tools, actively
share knowledge and good practice, and collaborate to improve digital learning
experiences promote the development of a positive school culture that meets
the principles of the IDI model.

Another digital school model is offered by Dirk Ifenthaler and Marc Egloffstein
(2020), which introduced the Education Organizations Maturity Model (MMEO)
in 2020 and was focused on assessing the maturity and development progress
of educational institutions. The MMEO model takes a holistic approach, clearly
incorporating the dimension associated with “culture.” Given this conceptual
framework, digital school culture plays a key role in assessing the institution’s
progress in digital transformation. For example, the MMEO model probably
evaluates the collective attitudes, beliefs, and values of school culture in rela-
tion to digital technologies. The digital school culture, conceptualised as part
of the MMEO model, contains a number of core elements, including a shared
understanding of the role of technology in education, readiness to learn digi-
tal tools, and creating environments that foster experimentation and encourage
innovative thinking.

An analysis of these digital school models shows that key elements of digital
school culture (Figure 1) include strategy and leadership, educator preparedness,
school preparedness, technological responsiveness, and digital pedagogy.
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Figure 1
Key elements of digital school culture

DIGITAL SCHOOL CULTURE
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strategy and school digital
leadership preparedness pedagogy

Source. Own research.

It could be said that digital school culture is a versatile confluence of the attitudes
and actions of educational institutions moving towards digital technology integration.

Digital school culture shows how educators and students engage in the use
of technology, adapt to change, collaborate, and generate innovative ideas in the
education process.

The school administration, which manages technology, also plays a crucial
role in shaping digital school culture. Researchers have concluded that working
on a common vision for technology deployment (Karaca et al., 2013) is key to fos-
tering a digital school culture. A high level of digital school culture also improves
the school’s communication flow, making digital platforms safe and reliable envi-
ronments that foster employee collaboration and shared learning (Fazekas, 2021).

In conclusion, it can be stated that the digital school cultural models in question
have provided insight into the various components that shape digital school cul-
ture, but in order to clarify the cultural elements of the digital school that directly
affect scientific education and the development of students’ scientific literacy, more
comprehensive research is needed in this area. The forthcoming scoping review
will seek to narrow this gap by exploring and identifying the specific components
of digital school culture that influence scientific education and contribute to in-
creasing students’ scientific literacy.

The following study issues will dictate the direction the scoping review to achieve
this: What components of digital school culture affect scientific education and
contribute to increasing students’ scientific literacy?
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METHOD

The study used Hilary Arksey and Lisa O’Malley’s (2005) methodology to identify
components of the digital school in scientific education. This methodology involves
five phases: identifying study questions, identifying relevant studies, selecting studies,
mapping data, and collecting, compiling, and reporting findings.

Step 1 (Development of the Research Questions)
What elements of digital school culture influence scientific literacy or
science education?

Step 2 (Identify Relevant Studies)

A search of studies was conducted in the Education Resources Information Center
(ERIC), Scopus, Web of Science, and Google Scholar. The last search was conducted
on November 1, 2022, using the search terms “digital school culture,” “scientific lit-
eracy,” and “digital school culture in science education” for the years 2009 to 2022.
In Table 1, there are detailed inclusion and exclusion criteria.

Table 1
Inclusion and exclusion criteria
Criteria Included Excluded
Time frame 2009-2022 Before 2008 and after 2022
Focus Studies with a primary focus Articles focusing on other topics
on components of digital school
culture in science education
Language English Other languages

Target population  Studies focusing on school students Studs focusing on higher education
students

Source. Own research.

Step 3 (Study Selection)

The Checklist of Preferred Reporting Items for Systematic Reviews (PRISMA-ScR)
was used to construct the reporting of the scoping review. At the outset, the search
methodology resulted in the identification of 678 articles from diverse sources. After
removing duplicate articles (n = 34) and articles (n = 133) that were not relevant
to the educational context of digital school culture or showed full text not found,
a set of 511 articles remained for initial screening based on their titles and abstracts.
Following a meticulous assessment of these titles and abstracts, 475 articles were
found to be ineligible for inclusion, as they did not meet the predetermined criteria
for inclusion and exclusion.
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Upon completion of this initial screening phase, which involved evaluating
titles and abstracts, 36 studies were selected for further scrutiny through a com-
prehensive analysis of their entire texts. However, during this phase, an additional
26 studies were excluded because they did not align with the defined inclusion and
exclusion criteria.

In the final analysis, a total of ten articles were considered eligible and met
the established inclusion criteria. Figure 2 presents a flowchart that visually rep-
resents the selection process for including studies in the analysis.

Figure 2
A flowchart depicting the search process for the scoping review in accordance with
the PRISMA guidelines
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Step 4 (Charting Data)

In this part, the data extracted from each of the studies included key characteristics
(author, year, country, research design), contextual information (components of digital
school culture that affect science education), and a brief description of key findings.
Table 2 presents the characteristics of the included studies.
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RESULTS AND DISCUSSION

This scoping review of ten articles from six countries (five studies from Indonesia
and one each from the United Arab Emirates, Jordan, Romania, the United Kingdom,
and Turkey) identifies the aspects of digital school culture that influence scientific
literacy or science education. According to the specified search criteria, the database
was examined for publications made over a 13-year period, and ten studies were
ultimately chosen. The selected studies utilised various research designs, including
qualitative, quantitative (both experimental and quasi-experimental), mixed-design,
and mixed-methods designs.

The scoping review identified a number of key elements for fostering scientific lit-
eracy in digital school culture, including digital learning systems, digital environments
to support student learning, digital technologies and tools, a digital curriculum, and
pedagogical practices involving digital technology (Table 2).

Table 2

Characteristics of included studies

Author Research Components of dig- Brief description of Key findings
(Year) & design ital school culture

Country that affect science

education

Saif Saeed  Qualitative Digital technologies ~ Virtual laboratories positively impact
Alneyadi, (focus group)  and tool (Virtual labs) students’ scientific abilities, skills, at-
(2019) titudes, achievement, and creativity,
United Arab with 56% of respondents stating they
Emirates enhance their abilities through practical

work activities.

Mohammed Mixed- Digital technologies ~ The connection between website
Salameh design and tool Website technology and student motivation is
Al-Rsa’i technology crucial to the development of scien-
(2013) Digital curriculum tific literacy and continuous learning.
Jordan

The digital curriculum makes it
easier to achieve educational goals
that traditional curricula, for a variety
of reasons, cannot. In addition, digital
curriculum can facilitate the develop-
ment of positive values and attitudes
toward scientific issues and phenomena
among students.
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Author Research Components of dig- Brief description of Key findings
(Year) & design ital school culture
Country that affect science
education
Craciun Mixed- Digital technologies  The study found that students favour using
& Bunoiu  design and tool (Digital comics in science education, regardless
(2019) science comics) of gender. However, as age and grade
Romania increased, interest in incorporating
comics decreased, with rural students
being more eager.
Timothy G.  Qualitative Digital technologies ~ The findings of the study indicate that
Harrison et and tool (Dynamic the DLM was well-received by both
al. (2009) Laboratory Manual students and instructors and that it assisted
UK (DML) in enhancing students’ understanding
of scientific concepts and practical skills.
Nurullah Quantitative ~ Pedagogical practices In terms of student accomplishment,
Korkman & Quasi-experi- with digital technol-  inquiry-based online collaborative learn-
Mustafa Me- mental design  ogy ing is more effective than inquiry-based
tin (2021) (Inquiry based collaborative learning.
Turkey online collaborative
learning)
Nurwahidah Quantitative =~ Pedagogical practices Android-based online education improves
etal. (2017) Quasi-experi- with digital technol-  scientific literacy, critical thinking, and
Indonesia mental design  ogy overall knowledge through active,
(project based creative learning.
learning model with ~ The PBL model significantly improves sci-
an Android) ence literacy and critical thinking, enhanc-

Sri Lestari
at el. (2020)

mixed-meth-
ods with
explanatory
sequential
design

Pedagogical practices
with digital technol-
ogy

(PBL assisted

by digital storytelling
Media)

ing students’ overall science knowledge.

The study found that PBL with digital
storytelling media improved students’
science literacy and critical thinking skills,
compared to conventional lessons.
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Author Research Components of dig- Brief description of Key findings
(Year) & design ital school culture
Country that affect science
education

Indira Quantitative  Digital technologies  This study concludes that the profession-
Bernica Pre-Exper- and tool (Flip al flip-book-based digital book media
Krida Putri  imental Design pdf-based digital book has increased scientific literacy skills
& Fitria media) in science learning materials, specifically
Waulandari the application of sound properties and
(2022) their relationship to hearing.
Indonesia
Risniawati ~ Mixed- Digital learning The N-gain result of 0.57 (medium cat-
et al. (2020) design system egory) demonstrates that this E-learning
Indonesia (E-learning media) can enhance students’ science literacy.

Therefore, the evolution of E-learning

can enhance students’ scientific literacy.
Suryantiet  Mixed- Digital technologies =~ Gadget-Based Interactive Multimedia
al., (2021)  design and tool (Gadgetbased (GBIM) is a legitimate alternative for
Indonesia interactive multime-  enhancing elementary students’ scientific

dia) literacy, scoring 3.55.

Source. Own research.

Digital technologies and tools, such as virtual labs, dynamic laboratory manual
website technology, digital science comics, flip pdf-based digital book media, and
gadget-based interactive multimedia, were cited most frequently as promoting scientific
literacy or science education. Pedagogical practices involving digital technology, such
as inquiry-based online collaborative learning, project-based learning models using
Android, and problem-based learning (PBL) supplemented by digital storytelling
media, constitute an additional crucial aspect of digital school culture.

The studies included in this scoping review indicate that digital learning programmes
can support students’ information literacy and prepare them for a technology-driven
world if they are developed and designed appropriately. According to Nurwahidah
et al. (2017), online learning using Android can improve students’ natural science
knowledge and scientific abilities.

Miranti Risniawati and colleagues discovered that the use of e-learning media
enhanced students’ science literacy skills in comparison to conventional instruction.
Thirty-two pupils from a senior high school in West Sumatra, Indonesia, were divided
into two groups for the research: an experimental group that received instruction using
the developed e-learning media and a control group that received traditional instruc-
tion. The experimental group performed better than the control group on the post-test,
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especially in terms of identifying scientific information and employing scientific
concepts (Risniawati et al., 2020).

Interactive gadget-based multimedia is a viable alternative learning aid that can
be used to enhance the scientific competence of primary school students. In a qua-
si-experimental study, Suryanti Suryanti and colleagues exposed a treatment group
to interactive multimedia that was device-based during the intervention. A control
group, in contrast, was instructed using conventional learning methods (Suryanti et
al., 2021). The findings revealed that the treatment group demonstrated a significant
improvement in their scientific literacy abilities compared to the control group.

Korkman and Metin (2021) found that online collaborative learning was more ef-
fective than inquiry-based collaborative learning at cultivating scientific process skills
in students.

In addition, practical activities utilising virtual laboratories had a positive effect
on students’ scientific knowledge and enhanced the outcomes of their scientific pro-
cesses. Alneyadi’s (2019) article examines the use of virtual labs to promote scientific
literacy among Emirati science teachers. According to the study’s findings, the majority
of Emirati science teachers viewed virtual laboratories as an effective instrument for
promoting scientific literacy. Teachers identified a number of advantages to virtual
labs, including increased pupil engagement and motivation, enhanced comprehension
of scientific concepts, and enhanced critical thinking skills (Alneyadi, 2019).

The research by Dana Craciun and Madalin Bunoiu (2019) examines the potential
of digital comics as a visual means of improving scientific education in Romania.
The authors contend that traditional approaches to science education may fail to en-
gage students and propose that digital comics can effectively promote interest in and
comprehension of scientific concepts.

Moreover, a study by Lestari (2020) suggests that digital storytelling media can be
used to create meaningful and engaging learning experiences for students, which can
aid in the growth of their science literacy and critical thinking skills.

Although the scope review mostly focuses on the positive potential generated
by digital transformation, it is important to acknowledge and emphasise the associated
risks as well. The rapid advancements of technology offer immense opportunities for
positive progress, particularly in the field of education. However, the process of digi-
tisation is often seen as a catalyst for unprecedented threats to humanity, which can
greatly affect the development of students and their overall well-being in the future.
Researchers highlight several risks associated with the increasing reliance on technol-
ogy in our daily lives. Firstly, there is a concern that people are becoming increasingly
dependent on technology for their security and prosperity, rather than relying on their
own abilities. This can lead to a shift in the social ecology, where technology becomes
the determining factor for well-being. Secondly, there is a worry that excessive use
of technology may lead to a decline in social skills, which are crucial for human
interaction and communication. This can potentially hinder our capacity to effective-
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ly interact with others. Lastly, the significance of social values may be diminished
as technology takes a more prominent role in society (Rubene, 2018). This can have
an impact on the norms and attitudes of individuals, which are traditionally shaped
by social values. It is important to note that these risks are particularly relevant in the
context of school culture. Therefore, it is essential for educators to strike a balance be-
tween incorporating technology in education and promoting face-to-face interactions.
By fostering a healthy school culture that values both technological advancements
and interpersonal relationships, students can develop into well-rounded individuals
equipped to navigate the digital age.

One additional point we want to emphasize in this analysis is that the advancement
of digital school culture, and its influence on scientific education and scientific literacy,
relies significantly on the digital proficiency of both educators and students. As a part
of the education process, it is crucial to assess the level of digital proficiency among
both teachers and learners. Evaluating the extent of digital proficiency can enhance
the ability to adjust and adapt the learning environment, allowing students to engage
in learning across various contexts and to gain diverse learning experiences. Never-
theless, it is crucial to note that the effective integration of digital culture in science
education necessitates a strong and reliable infrastructure, the development of teachers’
digital competencies, and administrative support.

CONCLUSIONS

In the digital age, scientific literacy is one of students’ crucial skills, and the digital
culture of schools plays an important role in supporting those skills. By integrating
digital resources and tools into school culture, students can gain new learning op-
portunities and engage in science education. However, as part of the scoping review
carried out, it can be concluded that there are currently relatively few studies that
have addressed the impact of digital school culture on science education. This scoping
review identified digital school culture components (digital learning systems, digital
environments to support learning, digital technologies and tools, a digital curriculum,
and pedagogical practices innovating digital technology) and explained their impact
on scientific literacy or science education.

Understanding digital school culture can help educators and policymakers identify
factors contributing to the transformation of the school environment and contribute
to the development of scientific literacy. By integrating technology and digital tools,
schools can strengthen their education system, adapt to the rapidly evolving digi-
tal landscape, and cultivate digitally literate thinking in students and staff. Through
a comprehensive digital school culture, schools can prepare students more effectively
for the challenges and opportunities that await them in the digital age.
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Understanding the impact of digital school culture on scientific literacy can help
educators identify effective strategies for integrating technology into science learning.
With knowledge of the impact of digital school culture on scientific literacy, educators
can build a more engaging and interactive learning experience that fosters student
curiosity and critical thinking skills. This research may ultimately improve scientific
education in the digital age.

Further research in this area can provide valuable insights into the potential benefits
of digital school culture for science education and support the development of students’
digital scientific literacy.

LIMITATIONS

The scoping evaluation conducted had certain limitations. First, the selection pro-
cedure and inclusion and exclusion criteria affected the findings of the review. In addi-
tion, relevant findings may have been overlooked due to excluding studies conducted
in languages other than English. It is possible that certain pertinent research might have
been overlooked as a result of the database selection process or the omission of grey
literature. The term “digital school culture” lacks a standardised and universally ac-
cepted definition in the existing literature. As a result, the interpretation of this concept
can vary across different studies and contexts. The absence of a clear, agreed-upon
definition poses a challenge when attempting to synthesise and analyse the literature
comprehensively. In addition, a quality assessment of the research included should have
been conducted, which may have affected the interpretation of the results. The field
of educational technology and digital culture is continually evolving. The literature
reviewed in this study reflects the state of knowledge up to a certain point in time.
New developments and emerging technologies may have emerged since the publication
of these studies, which could impact the relevance of the findings. Despite these limita-
tions, this study provides a valuable starting point for understanding the multifaceted
concept of digital school culture and its implications for science education. Researchers
and educators should consider these limitations when interpreting the findings and
explore these areas further to address gaps in our understanding of digital school culture
in diverse educational contexts.
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