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Abstract. Recent national initiatives in Indonesia to strengthen digital 

transformation in primary education have increased the adoption of Digital 

Interactive Boards (DIBs) in schools, particularly in elementary science learning. 

These technologies offer opportunities to enhance students’ conceptual 

understanding through interactive visualizations, simulations, and multimodal 

instructional approaches; however, their effective use is influenced by systemic 

factors such as infrastructure readiness, teacher digital competence, school 

governance, and digital inclusion. This study examines the potential of Digital 

Interactive Boards to support elementary science learning and identifies the 

conditions required for their effective and equitable integration. Using a 

conceptual, literature-based approach, the study synthesizes research on 

educational technology, inquiry-based science learning, digital inclusion, and 

school governance. The analysis indicates that DIBs can strengthen inquiry-

based instruction, student engagement, and conceptual understanding when 

supported by appropriate pedagogical design and adequate digital readiness. The 

findings further show that the impact of DIBs depends on the alignment of 

teacher competence, infrastructure stability, equitable access, leadership support, 

and continuous professional development. This study contributes a conceptual 

framework that integrates these factors and provides a theoretical foundation to 

guide future empirical research and inform school-level digital innovation in 

elementary science education. 

Keywords: Digital Interactive Boards, Elementary Science Learning, Inquiry-

Based Learning, Digital Inclusion, School Governance. 

1 Introduction 

Digital transformation in Indonesian primary education has accelerated in recent years 

as part of government efforts to strengthen the integration of digital technologies in 

schools. National policy guidelines issued by the Ministry of Education, Culture, 
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Research, and Technology emphasize the use of digital tools to modernize classroom 

instruction and enhance learning quality in elementary education [13]. These initiatives 

reflect a broader commitment to improving digital readiness and supporting technol-

ogy-enhanced teaching and learning practices at the school level. 

In science learning, digital environments are particularly relevant because they sup-

port multimodal instructional designs that combine visual and verbal information. 

Mayer (2021) [1] explains that such multimodal approaches help young learners pro-

cess information more effectively and develop stronger conceptual understanding. Sci-

ence concepts at the elementary level often involve abstract processes that are difficult 

to observe directly, making visual and interactive representations an important instruc-

tional support. 

Digital Interactive Boards (DIBs) offer instructional advantages that extend beyond 

traditional teaching media in science education. Higgins, Beauchamp, and Miller 

(2007) [4] note that interactive visualizations and dynamic representations displayed 

on digital boards help make abstract scientific concepts more accessible to elementary 

learners. Through features such as animations, simulations, and interactive demonstra-

tions, DIBs support inquiry-based exploration that aligns with the developmental char-

acteristics of young students, who rely heavily on concrete visual cues when construct-

ing early scientific understanding. 

Despite these pedagogical opportunities, the effective implementation of Digital In-

teractive Boards is shaped by broader systemic conditions. Warschauer (2010) [12] ex-

plains that disparities in infrastructure, including electricity stability, internet connec-

tivity, and access to digital resources, continue to limit the impact of educational tech-

nology integration across schools. Teacher readiness also plays a critical role. Ertmer 

and Ottenbreit-Leftwich (2010) [9] emphasize that teachers’ digital confidence, tech-

nological competence, and pedagogical beliefs strongly influence how interactive tools 

are used in classroom practice. At the institutional level, OECD (2021) [7] highlights 

the importance of school governance, leadership, and policy alignment in sustaining 

technology-based innovation in education. 

Given these conditions, a conceptual examination is needed to understand the factors 

that enable or hinder the effective integration of Digital Interactive Boards in elemen-

tary science learning. Mishra and Koehler (2006) [2] argue that meaningful technology 

integration requires alignment between technological tools, pedagogical strategies, and 

subject content knowledge. Building on this perspective, the present study examines 

the potential of Digital Interactive Boards to enhance science learning in elementary 

schools and identifies the key pedagogical, infrastructural, and governance conditions 

required for their effective and equitable integration within the context of Indonesia’s 

ongoing digital transformation in education. 

While previous studies on interactive whiteboards have primarily focused on class-

room-level instructional practices and learning outcomes, this study contributes by 
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offering a conceptual framework that integrates pedagogical design, teacher readiness, 

digital inclusion, and school governance. By synthesizing insights from multimedia 

learning theory, inquiry-based science education, and technology integration frame-

works, this study provides a systemic perspective that extends existing interactive 

whiteboard literature and offers guidance for future empirical research and school-level 

digital innovation. 

1.1 Problem Statement 

Although government initiatives encourage the integration of digital technologies in 

Indonesian elementary schools, the effective use of Digital Interactive Boards (DIBs) 

in science learning remains a complex challenge. Previous research indicates that the 

presence of interactive technology alone does not automatically lead to improved learn-

ing outcomes. Hennessy, Deaney, and Ruthven (2006) [3] explain that interactive tech-

nologies often fail to achieve meaningful impact when teachers lack sufficient techno-

logical or pedagogical competence to use them effectively. 

In addition to teacher-related challenges, disparities in school infrastructure continue 

to limit readiness for technology integration. Unequal access to stable electricity, relia-

ble internet connectivity, and functional digital devices creates uneven learning condi-

tions across schools. Warschauer (2010) [12] highlights that such infrastructural ine-

qualities remain a major barrier to equitable technology-enhanced learning, particularly 

in contexts where digital transformation is implemented at scale. 

School-level governance further influences the sustainability of Digital Interactive 

Board integration. Leadership commitment, policy alignment, and coordinated plan-

ning determine whether digital tools are embedded in daily instructional practices or 

used only sporadically. OECD (2021) [7] notes that without clear governance structures 

and strategic support, technology-based initiatives are difficult to sustain over time. 

Based on these considerations, the central research problem addressed in this study 

is: 

How can Digital Interactive Boards be effectively integrated to enhance science 

learning in elementary schools within the context of Indonesia’s ongoing digital trans-

formation in education? 

1.2 Research Objective 

Effective integration of educational technology requires alignment between digital 

tools, pedagogical approaches, and subject content knowledge. Mishra and Koehler 

(2006) [2] emphasize that meaningful technology use depends on teachers’ ability to 

connect these three domains within the learning process. In science education, multi-

modal and interactive learning environments play an important role in supporting con-

ceptual understanding. Mayer (2021) [1] explains that the combination of visual and 
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verbal information helps elementary students process scientific concepts more effec-

tively. 

In the Indonesian context, government policies encourage schools to strengthen dig-

ital readiness and adopt technology-enhanced instructional practices in elementary ed-

ucation [13]. However, the integration of Digital Interactive Boards in science learning 

requires careful consideration of pedagogical design, teacher competence, infrastruc-

ture readiness, and school governance to ensure meaningful and sustainable use. 

Based on these considerations, the objective of this study is to analyze the potential 

of Digital Interactive Boards to enhance science learning in elementary schools and to 

identify the key pedagogical, infrastructural, and governance conditions necessary for 

their effective integration within the context of Indonesia’s ongoing digital transfor-

mation in education. 

1.3 Significance of the Study 

This study is significant both theoretically and practically in the context of technology-

enhanced science learning in elementary schools. From a theoretical perspective, the 

study contributes to the growing body of literature on digital learning by integrating 

insights from multimedia learning theory, inquiry-based science education, and tech-

nology integration frameworks. Mayer (2021) [1] explains that multimodal instruc-

tional environments support deeper conceptual understanding, while Gillies (2022) [11] 

emphasizes the importance of inquiry-oriented approaches in developing early scien-

tific reasoning. By synthesizing these perspectives, this study offers a comprehensive 

conceptual understanding of how Digital Interactive Boards can support science learn-

ing at the elementary level. 

From a pedagogical perspective, the study highlights the importance of teacher read-

iness and instructional design in the effective use of Digital Interactive Boards. Ertmer 

and Ottenbreit-Leftwich (2010) [9] argue that teachers’ confidence, digital competence, 

and pedagogical beliefs strongly influence whether technology is used meaningfully in 

classroom practice. This study provides guidance for teachers by identifying key peda-

gogical conditions, such as inquiry-based lesson design and the use of multimedia re-

sources, that can maximize the instructional potential of Digital Interactive Boards in 

science learning. 

At the institutional level, this study has practical significance for school leaders and 

policymakers. OECD (2021) [7] highlights that effective school governance, including 

leadership support, strategic planning, and policy alignment, is essential for sustaining 

digital innovation in education. By identifying infrastructural readiness, governance 

structures, and professional development as critical conditions, this study offers a con-

ceptual reference that can support schools and education authorities in planning, imple-

menting, and evaluating Digital Interactive Board integration as part of ongoing digital 

transformation efforts. 
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Overall, this study provides a conceptual foundation that supports evidence-in-

formed decision-making in elementary science education. The findings are expected to 

inform future empirical research, guide school-level digital innovation, and contribute 

to the development of more effective and equitable technology-enhanced learning en-

vironments in Indonesian elementary schools. 

2 Literature Review 

2.1 Digital Interactive Boards in Education 

Digital Interactive Boards (DIBs) have become an important component of technology-

enhanced learning environments in many educational contexts. These interactive dis-

plays allow teachers to integrate visual, verbal, and interactive elements into classroom 

instruction, thereby expanding opportunities for student engagement and conceptual 

exploration. Higgins, Beauchamp, and Miller (2007) [4] explain that interactive boards 

enable teachers to present diagrams, animations, and simulations that support more dy-

namic forms of teaching compared to traditional chalkboards or static presentation me-

dia. 

Research on interactive whiteboards indicates that their instructional value depends 

largely on how they are used in classroom practice. Hennessy, Deaney, and Ruthven 

(2006) [3] argue that interactive technologies do not automatically improve learning 

outcomes when they are used merely as presentation tools. Instead, meaningful learning 

occurs when teachers employ interactive boards to support dialogue, student participa-

tion, and inquiry-oriented activities. Similarly, Slay, Siebörger, and Hodgkinson-Wil-

liams (2008) [5] note that the pedagogical benefits of interactive boards are realized 

when teachers move beyond surface-level use and actively involve students in manip-

ulating digital content and responding to visual representations. 

Teacher competence and confidence play a central role in determining how effec-

tively Digital Interactive Boards are integrated into instruction. Lai and Pratt (2012) 

[10] find that teachers’ digital skills and beliefs strongly influence whether technology 

is embedded meaningfully in daily teaching practices. When teachers lack adequate 

preparation, interactive boards are often underutilized or used only to display static in-

formation, limiting their potential to support active learning. 

In addition to teacher factors, the broader educational context also shapes the adop-

tion of Digital Interactive Boards. National and institutional policies that promote dig-

ital transformation encourage schools to integrate technology into teaching and learning 

processes. Policy guidelines from the Ministry of Education, Culture, Research, and 

Technology emphasize the role of digital tools in modernizing classroom instruction 

and strengthening learning quality in elementary education [13]. These policy direc-

tions position Digital Interactive Boards as part of a broader effort to enhance digital 

readiness and support technology-enhanced pedagogy in schools. 
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Overall, the literature suggests that Digital Interactive Boards offer significant po-

tential to enhance learning when supported by appropriate pedagogical strategies, 

teacher readiness, and institutional support. Rather than functioning as stand-alone 

technological devices, DIBs are most effective when integrated into instructional de-

signs that promote interaction, inquiry, and student engagement. These insights provide 

an important foundation for examining the role of Digital Interactive Boards in elemen-

tary science learning, which is discussed in the following sections. 

2.2 Science Learning in Elementary Schools 

Science learning in elementary schools focuses on helping young learners develop basic 

understanding of natural phenomena through observation, exploration, and simple in-

vestigation. At this stage, students learn science not only by memorizing facts but by 

actively engaging with their environment and constructing meaning from direct expe-

riences. Gillies (2022) [11] explains that early science education should emphasize cu-

riosity and inquiry because young learners rely heavily on concrete experiences to de-

velop scientific understanding. 

Inquiry-based learning plays a central role in elementary science education. Through 

inquiry, students are encouraged to ask questions, make predictions, conduct simple 

experiments, and reflect on their observations. Kearney and Treagust (2011) [6] state 

that inquiry-based approaches support the development of foundational scientific rea-

soning skills and help students connect their experiences with scientific explanations. 

This approach is particularly appropriate for elementary learners, who benefit from 

hands-on and exploratory learning activities. 

Visual and interactive support is another important element of effective science 

learning at the elementary level. Many scientific concepts, such as energy, force, and 

natural processes, are abstract and difficult for young learners to understand through 

verbal explanation alone. Mayer (2021) [1] explains that combining visual and verbal 

information reduces cognitive load and helps students build clearer mental representa-

tions of scientific ideas. Therefore, instructional strategies that include visual represen-

tations are essential in elementary science classrooms. 

Digital technologies can strengthen science learning by providing visualizations and 

interactive experiences that are otherwise difficult to achieve using traditional materi-

als. Higgins, Beauchamp, and Miller (2007) [4] note that interactive digital tools can 

increase student engagement and sustain attention during learning activities. When used 

appropriately, these tools help students observe scientific processes, explore relation-

ships, and develop deeper conceptual understanding. 
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In the Indonesian elementary curriculum, science education emphasizes understand-

ing living things, energy, motion, and the environment through concrete and contextual 

learning experiences. Digital Interactive Boards can support these learning goals by 

allowing teachers to present animations, diagrams, and simulations that make scientific 

concepts more accessible. When combined with inquiry-oriented pedagogy, Digital In-

teractive Boards have the potential to enhance both conceptual understanding and sci-

entific thinking skills among elementary school students. 

2.3 Technology-Enhanced Science Learning 

Technology-enhanced learning has become an important approach for improving sci-

ence instruction, particularly through tools that support visualization, interaction, and 

inquiry. In science education, digital technologies help teachers present complex con-

cepts in ways that are more accessible to young learners. Mishra and Koehler (2006) 

[2] explain that effective technology integration requires alignment between technolog-

ical tools, pedagogical strategies, and subject content, a relationship conceptualized 

through the Technological Pedagogical and Content Knowledge (TPACK) framework. 

Multimedia learning theory further supports the use of digital tools in science learn-

ing. Mayer (2021) [1] explains that students learn more effectively when information 

is presented through both visual and verbal channels. This dual-channel processing re-

duces cognitive load and supports the construction of accurate mental representations 

of scientific concepts. Digital technologies therefore play a valuable role in helping 

elementary students understand abstract scientific processes that cannot be easily ob-

served directly. 

Technology also strengthens inquiry-based science learning by expanding opportu-

nities for exploration and experimentation. Gillies (2022) [11] notes that digital tools 

allow students to investigate scientific phenomena through interactive activities such 

as simulations and visual modeling. Kearney and Treagust (2011) [6] add that these 

digital representations help learners explore cause-and-effect relationships and reflect 

on scientific explanations, which are essential components of early scientific reasoning. 

When integrated thoughtfully, technology-enhanced science learning promotes ac-

tive student participation and deeper engagement with content. Interactive tools encour-

age students to observe, discuss, and test ideas collaboratively rather than passively 

receive information. Higgins, Beauchamp, and Miller (2007) [4] emphasize that digital 

technologies are most effective when they support inquiry, dialogue, and student inter-

action during classroom instruction. 

In the context of Indonesian elementary education, technology-enhanced science 

learning is closely linked to broader efforts to strengthen digital readiness in schools. 

National policy guidelines emphasize the use of digital tools to support innovative 
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instructional practices and improve learning quality in elementary education [13]. 

Within this context, Digital Interactive Boards represent a practical means of applying 

technology-enhanced approaches to support inquiry-based and multimodal science 

learning. 

2.4 Digital Inclusion in Schools 

Digital inclusion has become a critical issue in education as schools increasingly rely 

on technology to support teaching and learning. Digital inclusion refers not only to 

access to devices but also to the availability of reliable infrastructure, internet connec-

tivity, and digital skills among teachers and students. Warschauer (2010) [12] explains 

that the digital divide in education is shaped by inequalities in technological access and 

institutional capacity, which directly affect learning opportunities. 

Infrastructure readiness plays a central role in determining whether digital learning 

tools can be used effectively in schools. Reliable electricity, sufficient internet band-

width, and functional digital devices are necessary conditions for technology-enhanced 

learning. OECD (2021) [7] emphasizes that without adequate infrastructure, schools 

are unable to integrate digital technologies consistently, resulting in uneven learning 

experiences across different contexts. 

Teacher and student access to digital resources is another important dimension of 

digital inclusion. Teachers require sufficient digital competence to use technology 

meaningfully in instruction, while students need regular opportunities to engage with 

digital tools to develop foundational digital literacy. Ertmer and Ottenbreit-Leftwich 

(2010) [9] note that teachers’ confidence and skills strongly influence whether digital 

tools are used effectively in classrooms. UNESCO (2018) [8] further emphasizes that 

digital inclusion involves building capacity alongside providing access to technology. 

In the context of science learning, limited digital inclusion can intensify existing 

educational inequalities. Inquiry-based science learning requires active participation 

and interaction with learning materials, which may be constrained when access to dig-

ital tools is uneven. Gillies (2022) [11] explains that students benefit most from inquiry-

oriented activities when they are supported by interactive and visual learning resources. 

In Indonesian elementary schools, efforts to strengthen digital inclusion are closely 

linked to national policies promoting digital transformation in education. Policy guide-

lines highlight the importance of improving infrastructure, developing digital compe-

tence, and ensuring equitable access to technology across schools [13]. Addressing dig-

ital inclusion is therefore essential for ensuring that Digital Interactive Boards and other 

educational technologies contribute to more equitable and effective science learning 

outcomes. 
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2.5 School Governance and Teacher Readiness 

School governance plays a crucial role in shaping how educational technologies are 

adopted and sustained within schools. Governance structures influence decision-mak-

ing processes, resource allocation, and the alignment of technology use with instruc-

tional goals. OECD (2021) [7] explains that effective school governance, supported by 

clear policies and strategic planning, creates the conditions necessary for successful and 

sustainable technology integration in teaching and learning. 

Leadership is a key component of school governance that directly affects digital 

transformation efforts. School leaders set priorities, provide direction, and establish ex-

pectations regarding the use of technology in classrooms. Firmansyah and Setiawan 

(2022) [14] emphasize that principals who actively support digital initiatives and pro-

vide consistent guidance are more likely to foster a school culture that is open to inno-

vation. Strong leadership helps ensure that technologies such as Digital Interactive 

Boards are integrated into routine instructional practices rather than used sporadically. 

Teacher readiness is another critical factor influencing the effectiveness of technol-

ogy integration. Teacher readiness includes digital competence, confidence in using 

technology, and pedagogical beliefs about how technology supports learning. Ertmer 

and Ottenbreit-Leftwich (2010) [9] argue that teachers’ beliefs and confidence strongly 

shape whether digital tools are used meaningfully or superficially in classroom instruc-

tion. Without sufficient readiness, even well-provided technologies may fail to improve 

learning outcomes. 

Professional development plays an important role in strengthening teacher readiness. 

Ongoing training, mentoring, and peer collaboration help teachers develop the skills 

needed to integrate technology with pedagogy and subject content. Lai and Pratt (2012) 

[10] note that teachers are more likely to adopt and sustain technology use when pro-

fessional development is continuous and aligned with classroom needs. Such support 

enables teachers to design inquiry-oriented and multimedia-rich lessons using Digital 

Interactive Boards. 

In the context of Indonesian elementary education, the alignment between school 

governance and teacher readiness is essential for successful digital transformation. Na-

tional policy guidelines emphasize the importance of leadership support, capacity 

building, and clear digital policies to strengthen instructional practices in schools [13]. 

When governance structures support teacher development and provide strategic direc-

tion, Digital Interactive Boards can be integrated more effectively to enhance science 

learning and promote sustainable educational innovation. 
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3 Methodology 

3.1 Research Design 

This study employs a conceptual, literature-based research design aimed at synthesizing 

theories, frameworks, and empirical findings related to technology-enhanced learning 

and elementary science education. Conceptual research is appropriate when the objec-

tive is to develop theoretical understanding rather than to measure empirical outcomes. 

Mishra and Koehler (2006) [2] explain that conceptual approaches are essential for ex-

amining how technological, pedagogical, and content-related factors interact within ed-

ucational settings. 

A literature-based design allows the study to draw insights from existing research 

across multiple disciplines, including educational technology, science education, and 

school governance. Mayer (2021) [1] argues that theoretical examination is particularly 

important before or during the early stages of technology integration, as it helps clarify 

how digital tools influence cognitive processes and learning outcomes. This approach 

is relevant to the Indonesian context, where schools are encouraged to strengthen digital 

readiness and integrate technology into instructional practices. 

Conceptual analysis also enables the identification of recurring patterns and key con-

ditions that influence the effective use of Digital Interactive Boards in elementary sci-

ence learning. Gillies (2022) [11] notes that synthesizing literature allows researchers 

to explore how inquiry-based learning can be supported through digital resources with-

out collecting primary data. By examining a range of theoretical and empirical sources, 

this study develops a structured understanding of the pedagogical, infrastructural, and 

governance-related factors associated with Digital Interactive Board integration. 

Through this research design, the study does not seek to produce empirical general-

izations or causal claims. Instead, it aims to build a theoretically grounded framework 

that can inform future empirical investigations and guide educators, school leaders, and 

policymakers in planning and evaluating technology integration in elementary science 

classrooms. 

3.2 Literature Sources and Selection Criteria 

The literature reviewed in this study was identified through a structured and transparent 

search process to ensure relevance, credibility, and reproducibility. Following recom-

mendations for rigorous conceptual research, the literature search focused on peer-re-

viewed academic publications and authoritative institutional documents related to edu-

cational technology, science education, digital inclusion, and school governance. 

OECD (2021) [7] emphasizes that studies examining digital transformation in educa-

tion should be grounded in reliable and up-to-date sources. 
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The search was conducted using several academic databases, including Scopus, Web 

of Science, ERIC, and Google Scholar. In addition, official policy documents and re-

ports published by international organizations and national education authorities were 

consulted to capture governance and policy perspectives relevant to digital transfor-

mation in schools. Institutional sources included publications from UNESCO, OECD, 

and the Indonesian Ministry of Education, Culture, Research, and Technology [13]. 

Predefined search terms and keyword combinations were used to guide the literature 

search. These included “Digital Interactive Boards,” “interactive whiteboards AND sci-

ence learning,” “technology-enhanced science education,” “TPACK AND elementary 

education,” “digital inclusion in schools,” and “school governance AND educational 

technology.” Gillies (2022) [11] notes that thematic relevance is essential in conceptual 

studies to ensure that each selected source contributes meaningfully to the development 

of the analytical framework. 

Clear inclusion and exclusion criteria were applied during the screening process. 

Sources were included if they (1) addressed the use of digital or interactive technologies 

in education, (2) focused on elementary or primary education, (3) discussed science 

learning, inquiry-based pedagogy, digital inclusion, or school governance, and (4) were 

published in peer-reviewed journals, academic books, or official institutional reports. 

Sources were excluded if they were opinion-based, lacked a clear theoretical or meth-

odological foundation, or were not relevant to the elementary education context. Ertmer 

and Ottenbreit-Leftwich (2010) [9] emphasize that conceptual analyses must be 

grounded in evidence-based and scholarly literature to ensure validity. 

The screening process was conducted in multiple stages. An initial database search 

identified 62 records. After title and abstract screening, 28 sources remained for further 

review. Full-text assessment resulted in a final corpus of 15 core publications, which 

were used for thematic analysis and conceptual synthesis in this study. This structured 

selection process ensured that the literature base was both manageable and theoretically 

robust, providing a solid foundation for the analytical framework developed in the sub-

sequent section. 

3.3 Analytical Framework 

The analytical framework of this study is grounded in thematic analysis and conceptual 

synthesis, applied to the final set of literature identified through the structured selection 

process described in Section 3.2. Thematic analysis was used to identify recurring 

ideas, patterns, and relationships across the selected sources. Gillies (2022) [11] ex-

plains that thematic analysis is an effective approach for organizing literature into co-

herent categories that support conceptual understanding in educational research. 

Thematic coding was conducted iteratively to capture key concepts that repeatedly 

emerged across the reviewed studies. Through this process, the literature was organized 

into several core thematic domains relevant to the integration of Digital Interactive 
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Boards in elementary science learning. These domains include multimodal learning, 

inquiry-based instruction, digital inclusion, teacher readiness, and school governance. 

This categorization enabled the study to move beyond individual findings and focus on 

broader conceptual relationships evident across the literature. 

Conceptual synthesis complemented the thematic analysis by integrating insights 

from multiple theoretical perspectives. Mishra and Koehler (2006) [2] emphasize that 

effective technology integration depends on the interaction between technological, ped-

agogical, and content-related knowledge. Mayer (2021) [1] further explains that prin-

ciples of multimedia learning clarify how digital visualizations support cognitive pro-

cessing and enhance conceptual understanding. By synthesizing these theoretical foun-

dations with the identified themes, the study develops a comprehensive explanation of 

how Digital Interactive Boards contribute to science learning. 

This analytical framework is particularly relevant in the context of ongoing digital 

transformation in Indonesian elementary education. Conceptual frameworks provide 

guidance for understanding complex educational reforms and identifying conditions 

that support effective implementation. OECD (2021) [7] notes that such frameworks 

are valuable tools for informing policy and practice during large-scale technology inte-

gration. Through thematic categorization and conceptual synthesis, this study con-

structs a framework that explains the interrelationships among pedagogy, infrastructure 

readiness, digital inclusion, teacher competence, and school governance in the use of 

Digital Interactive Boards. 

The resulting framework serves as a theoretical foundation for the analysis presented 

in the Results and Discussion section. It also provides a conceptual reference that can 

guide future empirical studies and support schools in planning and evaluating the inte-

gration of Digital Interactive Boards into elementary science learning. 

3.4 Scope and Limitations 

The scope of this study is limited to a conceptual examination of the integration of 

Digital Interactive Boards (DIBs) in elementary science learning within the context of 

ongoing digital transformation in Indonesian education. The study focuses on synthe-

sizing existing literature related to multimodal learning, inquiry-based pedagogy, digi-

tal inclusion, teacher readiness, and school governance. As a conceptual and literature-

based study, it does not involve the collection of primary data or direct observation of 

classroom practices. 

One limitation of this study arises from its reliance on secondary sources. Conceptual 

analyses depend on the availability, quality, and relevance of existing literature, which 

may reflect diverse educational contexts and policy environments. Mishra and Koehler 

(2006) [2] note that theoretical frameworks are influenced by the contexts in which they 
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are developed, and therefore may not fully capture local variations in implementation. 

As a result, some findings may not directly represent the specific conditions of all In-

donesian elementary schools. 

Another limitation concerns the absence of empirical evidence from classroom set-

tings. While literature-based analysis provides valuable theoretical insights, it cannot 

capture how Digital Interactive Boards are actually used by teachers and students in 

daily practice. Gillies (2022) [11] explains that empirical observation is necessary to 

understand how inquiry-based science learning functions when supported by digital 

tools. Without field-based data, the conclusions of this study should be interpreted as 

conceptual rather than empirical. 

In addition, differences in infrastructure readiness, teacher competence, and school 

governance across schools may limit the generalizability of the findings. OECD (2021) 

[7] highlights that digital readiness varies widely between educational institutions, par-

ticularly in contexts undergoing large-scale digital transformation. Despite these limi-

tations, the conceptual analysis provides a useful foundation for future empirical re-

search and offers guidance for educators and school leaders as they plan the integration 

of Digital Interactive Boards in elementary science learning. 

4 Results  and Discussion 

4.1 Synthesis of Key Themes from the Literature 

The thematic synthesis of the reviewed literature identifies several interrelated themes 

that explain how Digital Interactive Boards (DIBs) can support elementary science 

learning. Across studies, DIBs are consistently associated with improved visualization 

and student engagement, particularly in learning contexts that involve abstract scientific 

concepts. Mayer (2021) [1] explains that multimodal learning environments, which 

combine visual and verbal information, help young learners process content more ef-

fectively and develop stronger conceptual understanding. 

Another prominent theme concerns the role of inquiry-based learning in elementary 

science education. Inquiry-oriented approaches encourage students to actively explore 

scientific phenomena through questioning, predicting, and observing. Gillies (2022) 

[11] emphasizes that inquiry-based learning supports early scientific reasoning by al-

lowing students to construct understanding through direct engagement rather than pas-

sive reception of information. 

The literature also highlights the contribution of technology-enhanced learning 

frameworks in supporting effective instructional design. Meaningful integration of dig-

ital tools occurs when technology is aligned with pedagogy and subject content. Mishra 

and Koehler (2006) [2] explain that this alignment enables teachers to use digital 
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technologies, including DIBs, to support inquiry and conceptual learning rather than as 

stand-alone presentation tools. 

Beyond classroom-level pedagogy, broader systemic conditions emerge as im-

portant themes influencing the effectiveness of DIB integration. Digital inclusion and 

infrastructure readiness, including access to stable electricity, reliable internet connec-

tivity, and functional devices, are repeatedly identified as prerequisites for sustained 

technology use. Warschauer (2010) [12] argues that inequalities in access to technolog-

ical resources continue to limit the impact of digital innovation in schools. 

Teacher readiness and school governance are also emphasized as critical factors 

shaping the use of Digital Interactive Boards. Teachers’ digital competence, confi-

dence, and pedagogical beliefs influence how technology is used in classroom practice. 

Ertmer and Ottenbreit-Leftwich (2010) [9] explain that teachers who feel prepared are 

more likely to integrate technology meaningfully. At the institutional level, OECD 

(2021) [7] highlights that leadership support and clear governance structures are essen-

tial for sustaining technology integration in schools. 

To summarize these findings, the major thematic domains identified across the re-

viewed literature are presented in Table 1. The table provides an overview of the key 

pedagogical, technological, and organizational themes that form the basis of the con-

ceptual analysis. 

Table 1. Summary of Key Themes from the Literature 

Theme Key Focus 

Digital Interactive Boards (DIBs) Visualization, engagement, and multimodal learning

Elementary Science Learning Inquiry-based learning and conceptual understand-

ing 

Technology-Enhanced Learning Alignment of pedagogy, content, and technology 

Digital Inclusion Infrastructure readiness and equitable access 

School Governance and Teacher 

Readiness 

Leadership support and teacher digital competence 

Table 1 illustrates how pedagogical practices, technological conditions, and organi-

zational factors interact in shaping the effective integration of Digital Interactive 

Boards in elementary science learning. The table shows that the instructional potential 

of DIBs is not determined by technology alone but depends on the alignment between 

inquiry-oriented pedagogy, teacher readiness, infrastructure availability, and support-

ive school governance. This synthesis provides a structured foundation for the interpre-

tation and discussion presented in the following subsections, which examine pedagog-

ical implications, enabling conditions, governance challenges, and the proposed con-

ceptual framework. 
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4.2 Pedagogical Implications for Elementary Science Learning 

The integration of Digital Interactive Boards (DIBs) offers important pedagogical im-

plications for elementary science learning, particularly in supporting multimodal in-

struction. Science concepts at the elementary level often involve abstract processes that 

are difficult to explain through verbal instruction alone. Mayer (2021) [1] explains that 

combining visual and verbal information helps young learners process scientific con-

tent more effectively and develop clearer conceptual understanding. Through visuali-

zations, animations, and interactive displays, DIBs provide concrete representations 

that support meaning-making in science learning. 

Another key pedagogical implication relates to student engagement during science 

lessons. Interactive features enable teachers to present dynamic content that captures 

students’ attention and sustains interest in learning activities. Higgins, Beauchamp, and 

Miller (2007) [4] note that interactive boards encourage active participation and reduce 

passive learning by allowing students to interact directly with instructional materials. 

Increased engagement is particularly important in elementary science classrooms, 

where curiosity and motivation play a central role in learning. 

Digital Interactive Boards also support inquiry-based science learning, which is a 

core approach in elementary education. Inquiry-oriented instruction encourages stu-

dents to ask questions, make predictions, and explore scientific phenomena through 

guided activities. Gillies (2022) [11] emphasizes that inquiry-based learning helps de-

velop early scientific reasoning by allowing students to construct understanding 

through exploration. DIBs facilitate inquiry by providing interactive demonstrations 

and visual tools that support observation and discussion. 

The use of simulations and visual models further strengthens inquiry-based learning 

experiences. Some scientific processes cannot be easily demonstrated using physical 

materials in the classroom. Kearney and Treagust (2011) [6] explain that digital simu-

lations allow students to explore cause-and-effect relationships and observe scientific 

processes in controlled and interactive ways. These features enable students to connect 

observations with scientific explanations more effectively. 

Another important pedagogical implication concerns differentiated instruction in el-

ementary science classrooms. Students often have diverse levels of prior knowledge 

and learning readiness. Mayer (2021) [1] argues that multimedia resources support dif-

ferentiated learning by offering multiple pathways for understanding scientific con-

cepts. DIBs allow teachers to adjust instructional pace, revisit visual explanations, and 

provide additional support when needed. 

Finally, the integration of Digital Interactive Boards promotes collaborative and stu-

dent-centered learning. Interactive displays encourage whole-class discussion, group 

investigation, and shared problem-solving activities. Mishra and Koehler (2006) [2] 

explain that meaningful technology integration supports active participation and 
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collective knowledge construction. By facilitating interaction among students, DIBs 

help shift science learning from teacher-centered instruction toward more participatory 

classroom practices. 

4.3 Conditions Supporting Effective Integration of DIBs 

The effective integration of Digital Interactive Boards (DIBs) in elementary science 

learning depends on several interrelated conditions operating at technological, peda-

gogical, and organizational levels. One fundamental condition is infrastructure readi-

ness, which includes access to stable electricity, reliable internet connectivity, and func-

tional digital devices. Without these basic requirements, teachers are unable to use Dig-

ital Interactive Boards consistently during classroom instruction. Warschauer (2010) 

[12] explains that inadequate infrastructure remains a major barrier to meaningful tech-

nology integration in schools. 

In addition to physical infrastructure, technical support plays an important role in 

sustaining technology use. Schools that have access to maintenance services and tech-

nical assistance are better positioned to integrate digital tools into daily learning activ-

ities. OECD (2021) [7] notes that consistent technical support increases the likelihood 

that educational technologies are used continuously rather than sporadically. This con-

dition is particularly relevant in contexts where technology adoption occurs at scale. 

Teacher competence is another key condition shaping the instructional use of Digital 

Interactive Boards. Teachers’ digital skills, confidence, and pedagogical beliefs influ-

ence how technology is integrated into science lessons. Ertmer and Ottenbreit-Leftwich 

(2010) [9] argue that teachers who feel confident and prepared are more likely to use 

digital tools to support inquiry and conceptual learning. Teacher readiness therefore 

directly affects the quality of classroom implementation. 

Effective integration also requires alignment between technology, pedagogy, and 

subject content. Teachers need to understand how Digital Interactive Boards can sup-

port inquiry-based science learning rather than treating technology as an isolated in-

structional tool. Mishra and Koehler (2006) [2] emphasize that meaningful technology 

use depends on the integration of technological, pedagogical, and content knowledge. 

This alignment ensures that DIBs function as tools that enhance scientific reasoning. 

School leadership and governance further support the effective use of Digital Inter-

active Boards. Clear planning, leadership commitment, and institutional support help 

embed digital tools into routine instructional practices. OECD (2021) [7] highlights that 

leadership support is essential for sustaining technology integration at the school level. 

When governance structures are strong, technology adoption becomes part of the school 

culture rather than an individual initiative. 

Equitable access for students is another important condition influencing effective 

integration. Inquiry-based science learning requires active participation, which may be 



  

 

 

 

 

          
 

  41Digital Interactive Boards to Enhance Science Learning in … 

limited when access to digital resources is uneven. Gillies (2022) [11] explains that 

unequal access can restrict students’ engagement in learning activities. Ensuring regular 

and equitable opportunities to interact with Digital Interactive Boards supports inclu-

sive science learning environments. 

Finally, continuous professional development strengthens the long-term integration 

of Digital Interactive Boards. Training programs, mentoring, and peer collaboration 

help teachers develop confidence and instructional strategies for using digital tools ef-

fectively. Lai and Pratt (2012) [10] note that sustained professional development in-

creases teachers’ willingness to adopt and maintain technology-enhanced practices. 

These conditions collectively shape the effectiveness and sustainability of Digital In-

teractive Board integration in elementary science learning. 

4.4 Implications for School Governance and Policy 

The integration of Digital Interactive Boards (DIBs) in elementary science learning has 

important implications for school governance and education policy. While DIBs offer 

strong pedagogical potential, their effectiveness depends on how well schools are sup-

ported through leadership, policy direction, and institutional planning. Without clear 

governance structures, technology initiatives risk being implemented inconsistently and 

losing their instructional impact. Warschauer (2010) [12] explains that unequal institu-

tional capacity often leads to fragmented technology use across schools. 

One key implication concerns the need for clear digital policies at the school level. 

Schools require explicit guidelines that define how Digital Interactive Boards should 

be used to support teaching and learning, particularly in science instruction. OECD 

(2021) [7] notes that schools with well-articulated digital strategies are more likely to 

integrate technology into daily instructional practices rather than treating it as an op-

tional addition. Clear policies also help align technology use with curriculum goals and 

assessment practices. 

Leadership support is another critical factor influencing successful implementation. 

School leaders play a central role in setting priorities, allocating resources, and creating 

a supportive environment for technology use. Firmansyah and Setiawan (2022) [14] 

emphasize that principals who actively promote digital innovation and provide instruc-

tional guidance are more likely to foster sustained technology integration. Leadership 

commitment therefore shapes teachers’ motivation and willingness to adopt Digital In-

teractive Boards in science learning. 

Governance structures must also address capacity building and support systems. 

Continuous professional development, mentoring, and technical assistance should be 

embedded within school policies to ensure that teachers can use Digital Interactive 

Boards effectively. Ertmer and Ottenbreit-Leftwich (2010) [9] argue that teachers are 

more likely to integrate technology meaningfully when institutional support is 
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consistent and ongoing. Policies that prioritize professional learning help prevent su-

perficial or short-term use of digital tools. 

Monitoring and evaluation represent additional governance implications. Schools 

need mechanisms to review how Digital Interactive Boards are used and whether they 

contribute to improved instructional practices. OECD (2021) [7] highlights that regular 

monitoring allows schools to identify challenges, adjust implementation strategies, and 

ensure accountability. Such processes support evidence-informed decision-making at 

both school and system levels. 

Overall, the findings suggest that effective integration of Digital Interactive Boards 

requires coordinated governance actions that extend beyond technology provision. Pol-

icies must address leadership support, professional development, infrastructure plan-

ning, and evaluation processes in an integrated manner. When governance and policy 

frameworks are aligned with pedagogical goals, Digital Interactive Boards are more 

likely to contribute meaningfully to sustainable improvement in elementary science 

learning. 

4.5 Proposed Conceptual Framework 

The proposed conceptual framework synthesizes the findings of this study and illus-

trates how the effective integration of Digital Interactive Boards (DIBs) in elementary 

science learning is shaped by multiple interrelated factors. The framework positions 

effective integration as the final outcome of interactions among pedagogical, techno-

logical, organizational, and equity-related dimensions within the school system. Rather 

than viewing Digital Interactive Boards as stand-alone instructional tools, this frame-

work emphasizes that their educational value depends on systemic alignment across 

these domains. 

At the classroom level, the framework highlights teacher digital competence and 

pedagogical design as central components influencing instructional practice. Teacher 

digital competence includes technical skills, pedagogical knowledge, familiarity with 

inquiry-based learning, and positive attitudes toward technology. These elements shape 

teachers’ ability to design interactive lessons, use multimedia resources effectively, 

align instruction with science competencies, and apply strategies that actively engage 

students in learning. When these pedagogical elements are well developed, Digital In-

teractive Boards are more likely to support inquiry-based and conceptually meaningful 

science learning. 

The framework also emphasizes infrastructure readiness as a critical enabling con-

dition. Stable electricity, adequate internet bandwidth, device availability, and technical 

support determine whether Digital Interactive Boards can be used consistently in class-

room instruction. Without sufficient infrastructure, even well-designed pedagogical 

practices cannot be implemented effectively. Infrastructure readiness therefore 



  

 

 

 

 

         
 

  43Digital Interactive Boards to Enhance Science Learning in …  

functions as a foundational requirement for sustainable technology integration in ele-

mentary schools. 

Digital inclusion represents another important dimension within the framework. Dif-

ferences in student access, socio-economic disparities, classroom-level access variabil-

ity, and school-level equity practices influence students’ opportunities to participate in 

digital learning activities. Inquiry-based science learning requires active engagement, 

and unequal access to digital tools may limit participation for certain groups of students. 

Addressing digital inclusion ensures that the benefits of Digital Interactive Boards are 

distributed equitably across learners. 

At the organizational level, the framework highlights school governance and profes-

sional development as key supporting factors. School governance includes digital pol-

icies, leadership support, monitoring and evaluation mechanisms, and strategic plan-

ning that guide technology use. Professional development encompasses training pro-

grams, mentoring and coaching, peer support, and continuous capacity building that 

strengthen teachers’ ability to integrate Digital Interactive Boards effectively. Together, 

these organizational factors ensure that technology integration is systematic, supported, 

and sustained over time. 

Taken as a whole, the proposed framework demonstrates that the effective integra-

tion of Digital Interactive Boards in elementary science learning depends on the align-

ment of pedagogy, infrastructure, inclusion, governance, and professional learning. 

Figure 1 presents this framework in the form of a fishbone diagram, illustrating how 

these interconnected domains collectively contribute to meaningful and sustainable 

Digital Interactive Board integration. 
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Figure 1. Conceptual Fishbone Framework for Digital Interactive Board Integration in 

Elementary Science Learning 

Figure 1 illustrates that the effective integration of Digital Interactive Boards in ele-

mentary science learning is the result of multiple interacting domains. Teacher digital 

competence and pedagogical design directly influence classroom practices, while in-

frastructure readiness and digital inclusion function as enabling conditions that support 

or constrain implementation. School governance and professional development provide 

organizational support that ensures Digital Interactive Boards are integrated systemati-

cally rather than used in isolation. The fishbone structure emphasizes that alignment 

across all domains is necessary to achieve effective and sustainable integration of Dig-

ital Interactive Boards in elementary science learning. 

5 Conclusion 

This conceptual study examined the effective integration of Digital Interactive Boards 

(DIBs) in elementary science learning by synthesizing literature on pedagogy, technol-

ogy integration, digital inclusion, and school governance. Based on the analysis, three 

key conclusions can be drawn. First, Digital Interactive Boards have strong potential to 

enhance elementary science learning when they are used to support visualization, in-

quiry-based instruction, and active student engagement. Their effectiveness lies not 

merely in their technological features but in how they are embedded within meaningful 

pedagogical design. 
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Second, the successful integration of Digital Interactive Boards depends on the 

alignment of multiple conditions at different levels of the school system. Teacher digital 

competence and pedagogical readiness shape classroom-level implementation, while 

infrastructure readiness and digital inclusion determine whether technology can be used 

consistently and equitably. At the organizational level, school governance, leadership 

support, and continuous professional development play a critical role in sustaining tech-

nology integration beyond initial adoption. 

Third, Digital Interactive Boards should be understood as part of an interconnected 

educational system rather than as stand-alone instructional tools. The proposed concep-

tual framework demonstrates that effective integration emerges when pedagogy, infra-

structure, inclusion, governance, and professional learning are aligned. Without such 

alignment, the instructional impact of Digital Interactive Boards is likely to remain lim-

ited or uneven across schools. 

The findings of this study also highlight clear boundary conditions for effective im-

plementation. The integration of Digital Interactive Boards is constrained when schools 

lack stable electricity, adequate internet connectivity, device availability, or technical 

support. Teacher-related factors, including confidence, familiarity with inquiry-based 

learning, and technological pedagogical knowledge, further influence whether Digital 

Interactive Boards are used meaningfully. In addition, leadership commitment, clear 

digital policies, and structured professional development are essential to ensure that 

technology integration is sustained and systematically supported. 

Given the conceptual nature of this study, future research is needed to empirically 

test and refine the proposed framework. Further studies could employ mixed-method 

or quasi-experimental designs to examine the impact of Digital Interactive Boards on 

student outcomes such as conceptual understanding, engagement, and inquiry skills. 

Research could also explore implementation at multiple levels, including classroom 

practices, school leadership strategies, and system-level policy execution. Such empir-

ical investigations would provide stronger evidence to inform decision-making and sup-

port large-scale digital transformation in elementary science education. 
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