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Abstract: Theoretical differences between data-driven decision-making (DDDM), data-based decision-making
(DBDM), and data-informed decision-making (DIDM) approaches have received relatively limited attention in digital
pedagogical environments. This conceptual review draws on peer-reviewed literature between 2009 and 2025 to
clarify these differences and examine their pedagogical implications. While DDDM is often reliant on systematic data
use and predictive tools, DBDM is concerned with collaborative interpretation supported by digital dashboards and
formalized methodologies, and DIDM integrates professional judgment with digital evidence and ethical
considerations. The analysis highlights the impact of digital environments — such as learning management systems,
digital trace data, and new Al-supported tools — on educational decision-making. Each approach has distinct
benefits and challenges that have implications for teacher professional development and learning as well as
institutional practices. An understanding of these differences is essential to effectively balance technological
capabilities with pedagogical expertise, as well as to foster ethical and context-aware data use in contemporary
education.
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Introduction

Decision making is central to education, shaping how teachers plan instruction, how schools allocate resources, and
how policymakers design reforms. Over the past two decades, the expansion of digital technologies and the
proliferation of educational data have encouraged a shift away from decisions guided primarily by intuition, tradition,
or professional judgment, toward approaches that explicitly incorporate data. This shift has been described using a
range of overlapping terms, e.g. data-driven, data-based, and data-informed decision-making.

Although often used interchangeably, and, according to Zhao and Hu (2024), the terms are basically identical, these
concepts reflect distinct perspectives on the role of data in education. Data-driven decision-making implies that data
are the primary or even exclusive determinant of choices, potentially overshadowing professional expertise or
contextual knowledge. Data-based decision-making, by contrast, emphasizes the systematic collection and use of data
as a foundation for decisions, but allows for professional interpretation and contextual factors to play a role. Data-
informed decision-making goes a step further, positioning data as one valuable input alongside professional judgment,
pedagogical experience, and local knowledge in shaping educational decisions.

Clarifying these distinctions is not merely semantic. Each approach reflects a different balance between evidence and
professional judgment and therefore has implications for how schools engage with data, how teachers perceive their
professional autonomy, and how policy frameworks are designed. With growing reliance on digital platforms and trace
data in education, such conceptual differences need to be clarified in order to make sense of how technology is
reshaping educational decision-making. The present article explores these differences, examining the conceptual
boundaries between data-driven, data-based, and data-informed decision-making, and analysing their relevance for
contemporary educational practice and policy.

The aim is to analyse different data-driven, data-based, and data-informed decision-making approaches in education
and present their practical significance for teachers' professional activities and the school community. Objectives:

1. To compare data-driven, data-based, and data-informed decision-making approaches in education, revealing
their foundations, differences, and interrelationships.

2. To outline the practical significance of these approaches for teachers' professional activities, emphasizing the
potential benefits, possible challenges, and ethical aspects.

1. What Is Data in Education?

Scholars usually distinguish several types of educational data (Hamilton et al., 2009; Mandinach & Gummer, 2016):

1. Student-level data
e Demographic information (age, gender, socio-economic background, language, etc.)
e Academic performance records (grades, test scores, course completion)
e Learning behaviours and engagement (attendance, participation, digital activity logs)
e Social-emotional or behavioural indicators (motivation, collaboration, wellbeing)
2. Instructional data
e  Curriculum content, teaching methods, and instructional materials
e Assessment tasks, rubrics, and feedback records
e Lesson observations or teacher self-reflections
3. Institutional/administrative data
e School resources and infrastructure
e Staffing and professional development records
e Enrolment, retention, and graduation rates
4. Contextual data
e  Family and community background
e  Policy frameworks and accountability systems
e Societal and cultural factors influencing learning
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In the digital era, this notion of data has expanded: alongside traditional student records, schools and universities
increasingly collect digital trace data from learning management systems, e-learning platforms, and online
interactions. This includes logins, time on task, patterns of resource use, or even multimodal signals such as audio,
video, and biometric inputs.

Data is essential for decision-making in education because it provides objective evidence about learners, teaching
practices, and institutional performance. Without data, many educational decisions that are ranging from lesson
planning to policy reforms are at risk of being based on intuition, assumptions, or tradition rather than on
demonstrable needs and outcomes. By systematically collecting and analysing data, educators and policymakers gain
insights into what is working, what challenges exist, and where resources or interventions are most needed.

At the classroom level, data allows teachers to diagnose students’ strengths and weaknesses, adapt instruction to
diverse learning needs, and monitor progress over time. For school leaders, it supports evidence-informed choices
about curriculum design, staff development, and the allocation of resources. At the policy level, aggregated data
enables governments and agencies to evaluate the effectiveness of educational programs, ensure equity across
student groups, and plan long-term strategies for system improvement.

In this way, data functions not only as a tool for accountability but also as a foundation for continuous improvement,
helping to create more personalized, adaptive, and equitable learning environments.

In education, the opposite of data-based decision-making is often found in intuition- or tradition-based decision-
making, where choices are guided by personal beliefs, professional experience, or long-standing practices rather than
systematic evidence. While such approaches may draw on valuable insights from teachers’ tacit knowledge and
institutional culture, they risk reinforcing biases and overlooking patterns that only become visible through data. By
contrast, data-based decision-making (DBDM) aims to complement professional judgment with empirical evidence,
ensuring that instructional and policy decisions are not only contextually informed but also grounded in demonstrable
trends and outcomes.

Learning management systems and other systems generate significant amounts of data that can be mined to gain
insights into student performance and learning outcomes (Gasevic et al., 2017; Kostopoulos, Kotsiantis, 2021). The
ability to leverage data effectively has seen the development of analytical techniques and tools to support teachers
and administrators in making informed decisions that improve the learning experience (Maseleno et al., 2018; Li et al.,
2022). As educational institutions began adopting technology-based learning environments, the need for
understanding data became increasingly evident to understand the learning process and the pedagogical methods
used. This shift was from static assessment techniques to more dynamic and data inspired techniques, with the focus
being on real-time feedback and personalized learning experiences. The emergence of data and therefore learning
analytics in educational institutions to close performance gaps and make learning environments more inclusive (Torisi-
Steele et al., 2019), places a requirement on teachers to use data as a basis for their professional decisions about
learning and teaching in order to influence the latter (Wurster, Bez, Merk, 2023).

Educational data has been gathered incessantly, ranging from student attendance data and inspection reports to end-
of-year examination results and national and international standardized test results (Thompson, Sellar, 2018). Yet
education is typically portrayed as a profession in which teachers’ decisions are intuitive and gut-driven. Education
policy makers contend that to enhance performance, decisions should be made using data (Schildkamp, Kuiper, 2010).
However, there are several ways to ground decisions on data.

2. Data-Driven Decision-Making

Data-driven decision-making (DDDM) refers to the practice of making decisions in an organization on the basis of
objective, systematically gathered data, as opposed to intuition or personal experience. The practice is of particular
interest in domains where data analysis is increasingly becoming part of daily business. In industry, for example, DDDM
is widespread in preventive equipment maintenance, production planning and forecasting with big data, loT sensors or
artificial intelligence (Bousdekis et al., 2021). In education, DDDM is seen in the application of data to trach student
progress, guide changes in teaching approach and inform decision making at all levels, from classroom to educational
policy (Datnow, Hubbart, 2015; Visscher, 2021). The method is premised on the belief that regular utilization of data
enables the discovery of issues, formulation of precise interventions, and increased accountability (Mandinach,
Gummer, 2016).

65



ISSN 3008-2013, Revista de Pedagogie Digitala 4(1) 2025

DDDM necessitates a sound data infrastructure in addition to skills in data literacy for administrators and teachers, as
well as the capacity to decipher data and implement findings in practical settings (Mandinach, Gummer, 2016). Its
success is contingent upon an organizational culture of reflection, collaboration, and ongoing improvement (Gill et al.,
2014). Technology progress, particularly in big data and machine learning, continue to expand the possibilities of
DDDM. Adaptive methods allow addressing challenges like concept drift — phenomena in which patterns and relations
in data shift over time, making the previous models less relevant (Lu et al., 2020). Such methods enable decisions to
me modified in real-time to ensure sustained accuracy and applicability. The advantages of DDDM manifest through its
potential to facilitate evidence-based decision-making that enhances students’ performance and maintains the
effectiveness of the education system (Gill et al., 2014).

Figure 1
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The integration of technology in DDDM enables teachers in the more effective collection, processing, and analysis of
data related to student performance and involvement. Sophisticated learning management systems and analytical
software allow for the capture of both academic and behavioural data, which enables real-time progress monitoring
and the deployment of targeted interventions. Effective use of DDDM technologies requires improving teachers’ data
literacy and providing administrative support to ensure that decisions are based on valid and contextual data (Alonzo
et al., 2024). Digital technologies enable more accurate diagnosis of learning needs, choosing appropriate teaching
methods, and continuous progress monitoring. These technologies increase teachers’ data literacy, provide more open
feedback, and foster teacher-administrator-community collaboration. Through the use of technology in daily teaching,
choices become more evidence-informed, accountability increased, and personalized learning environments are
created, resulting in long-term improvement in education quality (Ali, Sreekala, 2025).

Analize data
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3. Data-Based Decision-Making

Data-based decision-making (DBDM) in education refers to the regular and systematic gathering, analysis and
utilization of learning data to enhance teaching and student learning. While terms DDDM and DBDM are occasionally
used interchangeably, DBDM generally focuses on the educational setting, specifically tracking student learning, giving
feedback and adapting instruction to meet individual needs (Van der Kleij et al., 2015; Visscher, 2021).

DBDM, as defined by Cramer, Little, and McHatton (2014), is a systematic process aimed at problem identification, goal
setting, data collection, analysis and interpretation, and application of the findings in order to bring about continuous
improvement. The process involves a number of interrelated steps: problem definition, goal setting, data selection,
analysis, interpretation and decision implementation. The process starts with the clarification of the problem or issue
to be resolved. Second, data sources are chosen. Through analysis, data is processed and interpreted to identify trends
and cause-and-effect relationships. Decisions are made through collaboration among educators, administrators, and
other stakeholders to ensure the incorporation of various viewpoints. Lastly, there is a phase of implementation and
monitoring, during which the effectiveness of decisions taken is assessed and, if needed, the strategy is revised. The
cyclical nature of the process ensures that DBDM is transformed into a tool for continuous improvement rather that a
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single event. Effective use of DBDM demands clearly articulated, measurable tasks, with a fit to predetermined
standards, as well as effective data interpretation that enables the application of solutions.

Evidence suggests that the most DBDM efforts are usually implemented at the primary educational level, whereas
both secondary educational institutions and virtual learning environments are comparatively unexplored (Tayem,
Bourgeois, 2024). The use of digital technologies such as learning management systems and learning analytics
platforms support the aggregation and real-time analysis of student performance and engagement data and thus
enables personalized interventions (Decabooter et al., 2023). Effective DBDM programs include data literacy training
for teachers in combination with collaborative data analysis that, in turn, improves decision quality and its impact on
student outcomes (Decabooter et al., 2023;Tayem, Bourgeois, 2024).

Figure 2
DBDM cycle
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Digital technologies can be incorporated in DBDM, as a key tool for the efficient data collection, analysis, and
utilization in education planning. Technology enables not just the incorporation of data from different sources and the
generation of interactive indicator maps, but also the making of decisions founded on contextual data. Moreover,
decision support systems can enhance students’ upper-level thinking abilities. An empirical study in Indonesia revealed
that a technology-based decision support system implemented in the teaching process significantly enhanced the
critical thinking ability of students by allowing teachers to track student progress in real time and offer targeted
feedback (Ginting et al., 2024).

4. Data-Informed Decision-Making

In recent years, an emerging approach in data use in schools has attracted considerable attention, known as data-
informed decision-making (DIDM). In this approach, the decision-making process is not exclusively determined by the
results of data analysis; instead, data takes on an informative role, with definitive decisions being made through
synthesizing this data with professional experience, educational context understanding and values. This approach has
the potential to improve student success and the quality of the learning experience. Unlike previous approaches, this
type of data use moves beyond a limited focus on academic achievement measures or standardized test results,
embracing an inclusive range of data that may provide insights into a range of school activities (Schildkamp et al.,
2019; Fernandes, 2021).

As Wang (2021) suggests, DIDM acknowledges that data offers a necessary foundation for action but that its real worth
is only actualized if mixed with educators’ professional judgement, contextual insight, and educators input. Decisions,
in this manner, are not just evidence-based but also responsive to local contexts. In education, DIDM is the capacity of
teachers to utilize data literacy competencies to make and enact decisions to enhance student learning. It entails
problem identification, goal setting, data gathering, analysis, and interpretation. In contrast to the data-driven process,
DIDM calls for and equitable integration of data and qualitative information. Furthermore, emerging technologies,
such as generative artificial intelligence, can support and enhance this process and teachers’ confidence in making
decisions (Lee, Lee, 2025).
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Figure 3
DIDM cycle
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Although the use of data in education is not new, traditional data evaluation systems did not allow teachers to
evaluate information comprehensively, so the use of IT tools became an opportunity to use resources for systems that
would meet the needs of data evaluation (Aburizaizah, 2021). Recognizing that data can only provide information, but
not be the sole basis for decisions due to a focus solely on academic achievement, machine learning algorithms can be
used as part of artificial intelligence to calculate the impact of decisions taken in specific situations, considering
contextual factors. Various factors arise during the learning process, such as stress levels, emotional state, and more,
can affect learning. Artificial intelligence-powered tutors can help not only in the process of learning, but also, using
various sensors that monitor the student's body language, pulse, and perspiration, can provide not only learning
assistance, but also social and emotional support (Wang, 2021).

5. DDDM, DBDM and DIDM Differences, Usage Advantages and Application Challenges

Table 1

Differences between DDDM, DBDM and DIDM
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Data-driven decision-making often leads to formative assessment, which makes it possible to focus on students' daily
learning, overall achievements related to summative assessment, linking them to what is known and what is to be
taught, and providing opportunities to change traditional teaching practices in order to improve teaching and learning
outcomes (Kaspi, Ventaktraman, 2023). The use of DDDM to adapt teaching methods to students' needs based on
data, with the aim of providing teachers with data on student achievement and analysing it so that they can develop
appropriate teaching strategies that support the learning process, as a result, teachers can improve their teaching
methods and increase student engagement and understanding during the learning process, diagnose areas for
improvement, and ultimately contribute to improving student achievement (Nisa, Kurniawati, 2024). However, DDDM
is not a clear decision-making process; it emphasizes the importance of data in the decision-making process in general
terms, but does not provide specific practical principles that school leaders can use to guide their decisions. School
leaders may not be aware of how all the nuances of data collection and analysis affect data interpretation, thus
limiting their ability to make informed decisions (Wang, 2019).

Data-based interventions have various benefits in the educational process. These interventions improve teacher and
student engagement and help improve student academic performance. The use of data helps teachers perform daily
teaching tasks, monitor student progress, and obtain information about student learning activities in the classroom,
and allows teachers to compare students' current and previous learning in order to assess progress (Zakaria, Latif,
2023). When working with students with special needs, DBDM is closely linked to specific teaching objectives and can
enable educators to make informed decisions about the selection, adaptation, and modification of interventions to
meet the individual needs of students, improving the response of students with academic and behavioural problems to
interventions. However, for DBDM to be used successfully, teachers need to have data collection and analysis skills so
they can track progress and make sure interventions are effective (Karimah, Kurniawati, 2024).

When applying DIDM, it may be important to provide systematic support to teachers from their own schools,
appropriate training in working with data, and sufficient practice time and resources to enable them to do their work
effectively, thereby increasing the effectiveness and efficiency of their practice. The DIDM system provides an
opportunity to explore assessment processes, structures, mindsets, and culture, and allows educators to draw on a
variety of information sources and types to make systematic, evidence-based decisions about teaching (Varier, Yun,
2023).

Although teachers have access to large amounts of data, the development of this competence focuses on the ability to
solve technical problems and pays too little attention to critical, ethical, and personal approaches to data management
in education (Papamitsiou, 2021), which poses the risk of evaluating data only quantitatively, using an automated
decision-making process (Atenas, Havemann, Timmermann, 2023).

Attention to ethical concerns surrounding data use has increased. In creating data use practices, there must be a
consideration to the needs of the students and data utilization to develop integrated view of the student. Without
ethical checks in data usage, there are possibilities of cognitive errors, fragmented application of data, or over-reliance
on one indicator, which can result in misinterpretations (Mandinach, Jimerson, 2021). Value lists or accountability
audits alone are not enough to support ethical data use (Schafer, Clausen, 2021). Data use culture tends to rely on a
positivist ideology, disregarding possible social and technical issues, and as such, ethical data use is not typically well-
prepared for (Di Cara et al., 2022).

Conclusion

According to the analysis, it can be concluded that a clear comprehension of the distinctions between data assisted
decision-making approaches is required for their effective implementation. These approaches vary according to the
basis for the decisions, process phases, types of data, and the degree of context consideration, so the right choice is
conditioned by concrete educational contexts and purposes. The utilization of data in the educational process
provides great possibilities to individualize teaching, enhance evidence-based decisions, and make learning
environments more inclusive. Finding a good balance between technological potential and pedagogical knowledge is
crucial for data use and successful implementation of these approaches. Schools should not only consider digital
infrastructure and data analytics software but also facilitate teachers’ data literacy, ethical awareness, professional
judgement and provide proper organizational, methodological, and institutional support. Data use integration with
teachers’ professional experience, values, and the cultural context of education are necessary to consider when
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seeking best data implementation practice in education and preventing misinterpretation and limited pedagogical
autonomy.
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