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INTRODUCTION

ABSTRACT

This study examines the evolution of data collection techniques in Early
Childhood Education management, which represents a major challenge in
enhancing the quality of monitoring and evidence-based decision-making.
The purpose of this research is to analyze the development of methods,
instruments, and technology integration in data collection practices, as well
as to identify existing gaps. The method employed is a literature review of
recent scientific studies on both traditional and modern data collection
techniques, including manual observation, interviews, questionnaires,
learning analytics, big data, and artificial intelligence integration. The
findings indicate that although traditional methods remain dominant,
modern technologies enable real-time monitoring of child development,
predictive analysis, and personalized pedagogical interventions. The core
discussion emphasizes the importance of combining traditional and modern
methods, teacher training in data literacy, and implementing data privacy
and security policies to enhance the validity, reliability, and relevance of
information. In conclusion, technology adoption must involve active
stakeholder engagement and strengthening human resource capacity to
ensure an effective transition toward data-driven educational management.
This study contributes to the development of Early Childhood Education
management practices by providing a theoretical framework and practical
recommendations to optimize data collection, support evidence-based
decision-making, and strengthen evaluation and innovation in early
childhood education.

Early Childhood Education (ECE) serves as a critical foundation for the holistic

development of children, encompassing cognitive, social, emotional, and even physical
growth. The early years of a child’s life are particularly sensitive periods in which learning
experiences can significantly shape neurological, behavioral, and emotional development.
Research has consistently shown that high-quality early education positively correlates with
improved academic performance, social skills, and long-term educational outcomes (Bahrani
et al., 2025; Damayanti et al., 2025). The quality of educational management at the ECE
level, therefore, is not merely an administrative concern but a central determinant of
children’s learning outcomes and readiness for subsequent educational stages. Effective
management practices in ECE involve careful planning, monitoring, and evaluation of
educational processes, all of which rely heavily on accurate, reliable, and timely data
collection.
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An ideal ECE management system is characterized by its ability to implement accurate,
evidence-based, and responsive data collection processes. Such systems ensure that both
teachers and administrators can make informed decisions that address the developmental
needs of children and the operational requirements of the educational institution. Evidence-
based management allows educators to identify areas where children require additional
support, tailor curriculum strategies to individual or group needs, and allocate resources more
efficiently. For instance, monitoring children’s fine motor skills, language acquisition, or
socio-emotional behavior through structured observation and digital tools enables
administrators to detect patterns and intervene appropriately before developmental gaps
widen. With the advent of modern technology, including learning analytics, big data, and
artificial intelligence, the potential for data-driven decision-making in ECE has expanded
considerably (Alfredo et al., 2023; Suhardi, 2025). Technology not only improves the
accuracy of data collection but also facilitates the synthesis of complex datasets, making it
easier for administrators to monitor performance trends, evaluate program effectiveness, and
plan interventions strategically.

Despite these advantages, the current state of data collection in ECE faces several
significant challenges. Many institutions continue to rely on traditional methods such as
manual observation, checklists, and daily record sheets. While these methods are useful for
capturing qualitative insights, they are inherently prone to bias, inconsistency, and incomplete
reporting (Aurilia et al.,, 2025; Maesaroh, 2025). Observations may be influenced by
subjective interpretation, differences in teacher attentiveness, or even contextual factors such
as classroom environment and child temperament. Additionally, manual record-keeping is
time-consuming and limits the ability of administrators to perform longitudinal analysis or
integrate data across multiple domains. These limitations hinder the optimal management of
educational programs and reduce the accuracy of developmental assessments, which can
ultimately affect children’s learning trajectories.

Another major challenge relates to human resources and technical competencies.
Teachers often lack formal training in data collection, analysis, and interpretation, which
reduces the effectiveness of both traditional and technology-assisted approaches. Even when
digital tools are available, insufficient training in using software for learning analytics or Al-
based platforms prevents educators from fully leveraging these resources. Moreover, minimal
integration of information technology within the institutional infrastructure further limits the
potential for comprehensive, real-time monitoring of children’s progress (Ilyas et al., 2025;
Zhao et al., 2024). These challenges collectively impede the ability of ECE institutions to
implement targeted educational programs, evaluate curriculum effectiveness, and support
personalized learning interventions.

Previous research in primary and secondary education has explored a range of data
collection techniques, including learning analytics, big data applications, and artificial
intelligence, to enhance school management and predict student performance (Ersozlu et al.,
2024; Noviandy et al., 2025; Sunarto et al., 2024). These studies have demonstrated the
potential of integrating technology for real-time monitoring, predictive modeling, and
performance evaluation. In addition, qualitative data collection strategies, such as semi-
structured interviews, focus group discussions, and ethnographic observations, have been
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employed to capture rich contextual information, particularly in policy implementation
research (Aurilia et al., 2025). Such approaches provide nuanced insights into student
experiences, teaching practices, and institutional challenges that are often overlooked in
purely quantitative studies. However, much of this research has focused on primary and
secondary education contexts, with relatively limited attention given to early childhood
settings. Consequently, there is a critical gap in understanding how data collection techniques
can be adapted and optimized specifically for ECE management.

Addressing this gap, recent literature emphasizes the integration of human-centered
learning analytics and Al as a promising avenue to optimize educational data collection in
ECE (Alfredo et al., 2023; Bulut et al., 2024; Ferndndez-Sanchez et al., 2025). Human-
centered analytics focuses not only on aggregating data but also on contextualizing it in ways
that prioritize the child’s developmental needs, teacher practices, and classroom dynamics.
For example, Al-powered dashboards can track individual children’s engagement, language
development, and socio-emotional interactions, providing teachers with actionable insights
that inform personalized learning interventions. By combining qualitative observations with
quantitative analytics, ECE administrators can gain a comprehensive understanding of
learning processes, identify early indicators of developmental delays, and implement timely
interventions. Additionally, Al-enabled predictive models allow institutions to anticipate
learning challenges and design preemptive strategies, thus improving educational outcomes
and program efficiency.

Moreover, digitalization and school transformation strategies are crucial for
strengthening ECE management systems. Integrating technology into routine administrative
and pedagogical processes can enhance teacher engagement, streamline data entry, and
facilitate real-time monitoring and evaluation (Damayanti et al., 2025; Ilyas et al., 2025). For
instance, cloud-based platforms enable centralized data storage and secure sharing of
children’s developmental records among teachers, administrators, and even parents,
promoting collaboration and transparency. Digital tools also reduce administrative burden,
allowing teachers to focus more on pedagogy and individualized attention rather than manual
record-keeping. Such strategies align with broader trends in education management that
prioritize efficiency, accountability, and evidence-based decision-making.

The present study aims to conduct a systematic literature review on the evolution of
data collection techniques in ECE management research. Specifically, the study seeks to
identify prevailing trends, methodological approaches, and innovative technologies applied in
ECE data collection, while also highlighting existing gaps in practice and research. By
synthesizing findings from multiple studies, this research provides a comprehensive overview
of how data collection methods have evolved over time and how they can be adapted to meet
contemporary demands in early childhood education. Furthermore, the review aims to offer
practical guidance for ECE practitioners and policymakers seeking to implement data-driven
management strategies that enhance educational quality and child development outcomes.

The anticipated benefits of this review are multi-faceted. First, it will improve
understanding of effective data collection techniques in ECE, offering insights into the
relative strengths and limitations of both traditional and technology-assisted methods.
Second, it provides guidance for policymakers and educational practitioners in implementing
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data-driven management strategies, such as integrating digital platforms, adopting Al
analytics, and designing teacher training programs that build data literacy skills. Third, the
review will offer recommendations for technology integration, including how to safely and
ethically use digital tools while protecting children’s privacy. Fourth, by evaluating the
effectiveness of existing data collection methods, the study will help administrators make
informed decisions regarding curriculum planning, resource allocation, and program
evaluation. Ultimately, these contributions aim to improve the quality of decision-making and
management practices in ECE institutions, ensuring that children receive developmentally
appropriate, evidence-based education (Kasih & Muspawi, 2024; Latif & Zhai, 2025).

In conclusion, early childhood education represents a pivotal stage in human
development, and the management of ECE institutions plays a crucial role in determining
educational outcomes and readiness for future learning. Effective data collection techniques
ranging from manual observation to sophisticated Al-based analytics are essential for
monitoring development, planning interventions, and supporting evidence-based decision-
making. While traditional methods remain relevant, particularly for capturing qualitative
insights, they are limited by bias, inconsistency, and inefficiency. Modern digital and
analytical approaches offer significant advantages, including real-time monitoring, predictive
insights, and the potential for personalized interventions, but require investment in
infrastructure, training, and ethical safeguards.

By systematically reviewing the evolution of data collection techniques in ECE, this
study provides valuable insights and practical recommendations for educators, administrators,
and policymakers. The findings aim to bridge the gap between traditional practices and
emerging technological innovations, facilitating the implementation of integrated, evidence-
based, and child-centered data management systems. Ultimately, the research not only
contributes to academic knowledge but also provides actionable guidance for the practical
enhancement of early childhood education, ensuring that children receive high-quality
learning experiences that support their cognitive, social, and emotional development from the
earliest stages of life.

METHODS

This study employs a qualitative research design with a literature review approach. This
approach was selected because the purpose of the study is to review, analyze, and synthesize
various studies conducted on data collection techniques in Early Childhood Education (ECE)
management. A literature review enables the researcher to identify trends, methodological
developments, technological innovations, and gaps in previous research without collecting
primary data directly from the field. This design also allows for a systematic mapping of the
evolution of data collection techniques, both in qualitative and quantitative contexts, as well
as the integration of modern technologies such as learning analytics and artificial intelligence.

The population of this study includes all research related to ECE management and early
childhood educational data collection published in scientific journals, conference articles, and
international and national digital repositories over the past five years. The sample was
selected purposively, including studies that explicitly discuss data collection techniques,
educational management innovations, or the use of technology and analytics in the context of
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ECE. Inclusion criteria comprised studies published from 2023 to 2025, available in English
or Indonesian, and employing a clear methodology for data collection, whereas studies
outside the context of early childhood education or focused on primary/secondary education
management were excluded.

Data collection in this study was carried out through the identification, selection, and
extraction of data from secondary literature. The data collection instrument consisted of a
literature synthesis sheet, which contained information on: type of study, objectives, data
collection methods, tools or technologies used, sample, key findings, and research gaps. This
sheet was developed based on systematic review guidelines (Aurilia et al., 2025; Hamid,
2025) and was pilot-tested to ensure consistency in recording. Data were classified according
to the type of collection method (observation, interviews, questionnaires, learning analytics,
and big data), education level, and technology integration.

Data analysis was conducted using a thematic and qualitative descriptive approach,
where each study was examined to identify trends, techniques, innovations, and challenges in
data collection in ECE. The analysis process included: literature mapping, classification of
data collection techniques, synthesis of methodological and technological developments, and
identification of research gaps. The results of the analysis were presented in descriptive
narratives, tables, and thematic charts illustrating the evolution of data collection techniques
and potential technology-based solutions.

In the qualitative context, the researcher actively serves as an observer and literature
analyst, performing critical interpretation of findings from previous studies. The subjects of
the study are scientific publications related to ECE management, while the informants are
indirect, consisting of authors and prior research that serve as data sources. Data mining
techniques include searching academic databases (Scopus, Google Scholar, DOAJ), selecting
articles according to inclusion criteria, data extraction, and thematic coding. The study is
expected to take 3—4 months, covering literature search, selection, analysis, and report
writing. Data validity is ensured through literature triangulation, peer review, and the use of
credible primary and secondary sources (Kasih & Muspawi, 2024; Latif & Zhai, 2025).

With this research design, the study is expected to provide a comprehensive
understanding of the evolution of data collection techniques in ECE management, present
best practices, and identify technological innovations that can enhance the effectiveness of
early childhood educational management.

RESULT

The evolution of data collection techniques in early childhood education management
shows significant changes from traditional methods to more advanced approaches with
technology integration. Based on the literature review, data collection techniques can be
classified into several main categories: manual observation, interviews, questionnaires,
learning analytics, and big data usage. Each category has distinct characteristics, advantages,
limitations, and levels of technology integration (Ersozlu et al., 2024; Huong et al., 2024;
Pulungan et al., 2025).
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Manual Observation

Manual observation is the earliest data collection technique and is still widely used in
PAUD institutions. This method involves direct observation of children’s behaviors,
interactions, and activities during learning. Instruments used include daily logs, behavior
checklists, and observation diaries. Manual observation allows direct monitoring of child
development, social interactions, and responses to learning programs. However, it is prone to
subjective bias, low inter-observer consistency, and is difficult to digitize (Aurilia et al.,
2025; Suhardi, 2025).

Interviews

Interviews are used to obtain in-depth information about the experiences, perceptions,
and views of teachers, parents, or children (with appropriate approaches). Techniques include
face-to-face interviews, semi-structured interviews, and focus group discussions. Interviews
enable the collection of rich qualitative data but require skilled interviewers and are relatively
time-consuming. Technology can be integrated through online interviews with audio or video
recording, facilitating documentation and analysis (Evans et al., 2025; Noviandy & Maulana,
2025).

Questionnaires

Questionnaires are a widely used method for collecting quantitative data from a large
number of respondents in early childhood education management. They can be administered
as written forms or digital surveys with structured questions designed to measure opinions,
satisfaction, and perceptions of teachers, parents, or administrative staff. The integration of
technology through online survey platforms enables faster data collection, automated
processing, and more efficient management of databases. Despite these advantages,
questionnaires have notable limitations, including the risk of respondents providing dishonest
answers and the inability to capture deep, qualitative insights. Proper design and validation
are essential to ensure reliability and meaningful results (Boateng et al., 2024; Bulut et al.,
2024).

Learning Analytics

Learning analytics represents a technological advancement that leverages digital data to
monitor, evaluate, and predict both child behavior and teacher performance in early
childhood education settings. Data are collected from learning management systems (LMS),
interactive educational applications, and various other digital devices used in the learning
environment. This approach facilitates rapid data analysis, enabling personalized
interventions tailored to individual children and supporting evidence-based decision-making
by educators and administrators. Despite its potential benefits, implementing learning
analytics faces significant challenges, including the requirement for robust technological
infrastructure, the need to enhance teacher competencies in data interpretation, and critical
concerns regarding data privacy and security (Ilyas et al., 2025; Molla-Esparza et al., 2025)

Big Data
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The application of big data in early childhood education management encompasses the
collection of extensive datasets from diverse sources, including academic records, digital
learning interactions, program evaluations, and children’s environmental information. This
approach enables the identification of trends and patterns that are often undetectable through
traditional data collection methods. By analyzing these large datasets, educators and
administrators can predict educational outcomes, assess program effectiveness, and make

evidence-based decisions to enhance learning experiences. Despite its potential, big data
utilization presents challenges such as complex analytical requirements, significant demands
for technological resources, and potential risks to data privacy, necessitating robust security
measures and ethical oversight (Ilyas et al., 2025; Sunarto et al., 2024).

Table 1. Evolution of Data Collection Techniques in Early Childhood Education

Management
Data Method Instrument/  Technology  Key Findings Gaps/
Collection Tool Integration Challenges
Technique
Manual Qualitative  Daily logs, Minimal/ Facilitates direct Subjective bias,
Observation checklists Traditional monitoring of low consistency,
child difficult to
development digitize
Interviews Qualitative  Face-to-face, = Moderate Explores Requires skilled
semi- perceptions of interviewers,
structured, teachers, time-consuming,
focus groups parents, and subjective risk
children
Questionnaires Quantitative ~ Written/Digita High Effective in Limited
1 forms measuring responses, data
opinions, quality depends
satisfaction, on honesty
perceptions
Learning Quantitative LMS, digital ~ High Behavior Requires
Analytics /Qualitative  learning apps analysis, infrastructure,
personalized teacher
intervention competency, data
privacy
Big Data Quantitative  Integrated Very High Trend High complexity,
databases, identification, privacy risks,
digital logs, predictive technology
sensors educational resources
outcomes

Source processed by researcher

Table 1 illustrates the transition of data collection techniques in early childhood

education management from traditional manual methods to digital and data-analytic
approaches, highlighting their respective benefits and challenges. Manual observation allows
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direct monitoring of children’s behavior and social interactions but is prone to bias, low
consistency, and limited digital integration. Interviews provide in-depth qualitative insights
yet require skilled interviewers and are time-consuming. Questionnaires facilitate large-scale
quantitative data collection, although they may lack depth and depend on respondent honesty.
Learning analytics enables personalized interventions and rapid analysis, while big data
integrates multiple sources to reveal trends and predict outcomes, albeit requiring advanced
infrastructure, technical expertise, and data privacy safeguards.

Trends in the Evolution of Data Collection Techniques

The literature indicates a clear trend from traditional methods to digital approaches with
analytics integration. Manual observation remains foundational for directly assessing child
behavior. Digital questionnaires and online interviews enable faster, structured data
collection. Meanwhile, learning analytics and big data have brought a significant
transformation, allowing automated analysis, child development prediction, and personalized
interventions (Ersozlu et al., 2024; Fernandez-Sanchez et al., 2025; Tri et al., 2025).

Technology integration not only accelerates the process but also enhances data
accuracy and validity. However, it demands digital infrastructure, data analysis skills, and
attention to ethical and privacy issues. The gap between technological potential and actual
practice in PAUD highlights the need for teacher training, data protection policies, and the
development of adaptive, user-friendly instruments (Evans et al., 2025; Huong et al., 2024).

Interviews /
Manual Questionnaires

Big Data

(Integrated

Observation (Early data)
ata

dimbratian’

Figure 1. Diagram of Data Collection Technique Evolution in Early Childhood Education

Figure 1 illustrates the evolutionary flow of data collection techniques in early
childhood education, showing the transition from traditional manual methods to advanced
technological integration and big data analytics. The process begins with manual observation,
which allows direct monitoring of children’s behavior and interactions but is limited by
subjectivity and low consistency. It progresses to interviews and questionnaires, providing
structured qualitative and quantitative insights. The introduction of digital tools enhances
efficiency, data accuracy, and storage capabilities. Learning analytics further enables real-
time monitoring and personalized interventions, while big data integrates multiple data
sources to identify patterns, predict outcomes, and evaluate program effectiveness. This flow
highlights the increasing sophistication, accuracy, and potential of technology-driven data
collection in early childhood education.

Gaps and Challenges
The literature identifies several gaps in early childhood education data collection
practices. First, despite available advanced technology, many institutions have not adopted it
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due to limited resources and teacher competency. Second, data collection techniques are still
largely quantitative-focused, with in-depth qualitative data often neglected. Third, privacy
and data security are major challenges in implementing learning analytics and big data.
Finally, methodological gaps emerge because some studies fail to report data collection
procedures systematically, hindering replication and validation (Bulut et al., 2024; Hamid,
2025; Khalil et al., 2025).

Technology-Based Solutions

Technology can be strategically leveraged to enhance data collection in early childhood
education institutions. Integrating learning analytics with learning management systems
(LMS) enables real-time monitoring of children’s development, allowing educators to
implement timely and precise interventions. The use of big data supports longitudinal
analysis, predicts developmental outcomes, and facilitates comprehensive evaluation of
educational programs. Mobile applications and digital platforms for conducting interviews
and administering questionnaires accelerate data gathering while enabling automated analysis
and reporting. Effective utilization of these technologies requires teacher training in data
literacy and analytics to ensure informed decision-making. Additionally, adapting digital
instruments to the early childhood education context is essential for accurate and meaningful
data capture. Robust data protection policies and clear ethical guidelines must be enforced to
safeguard the privacy of both children and educators (Latif & Zhai, 2025; Logan et al., 2025).

Table 2. Technology Integration and Challenges in Early Childhood Education Data
Collection Techniques

Technique Technology Benefits Challenges Potential
Integration Solutions
Level
Manual Low Direct monitoring  Observer bias, Digitization of
Observation of child behavior ~ hard to automate logs, observer
training
Interviews Moderate In-depth Subjectivity, Online interviews,
information time-consuming audio/video
recording, digital
analysis
Questionnaires High Fast, large-scale Limited Online survey
survey responses, platforms with
variable quality  validation
Learning Very High Real-time analysis, Infrastructure, Teacher training,
Analytics personalization data privacy data policies, LMS
integration
Big Data Maximum Prediction, pattern ~ Complexity, Cloud computing,
identification, privacy risk, data security
program evaluation resources standards,
analytics
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dashboards

Source processed by researcher

Table 2 emphasizes the importance of tailoring data collection strategies in early
childhood education institutions according to the level of technology integration, associated
benefits, potential challenges, and appropriate solutions. Low-tech methods, such as manual
observation, enable direct monitoring of children’s behavior but face limitations like observer
bias and difficulty in automation. Moderate-tech approaches, including interviews and early
digital tools, provide richer qualitative insights yet require skilled interviewers and additional
time. High-tech strategies, such as digital questionnaires, learning analytics, and big data,
enhance efficiency, enable real-time analysis, support predictive insights, and facilitate
evidence-based decisions. Effective implementation requires teacher training, infrastructure
support, adaptive instruments, and robust data privacy measures to maximize the benefits of
technology while addressing its challenges.

Synthesis of Findings

Based on the literature, the evolution of early childhood education data collection can
be synthesized as follows. Initial data collection emphasized manual observation and daily
logs, focusing on descriptive child behavior. Subsequently, interviews and questionnaires
were introduced to gather qualitative and quantitative information from teachers and parents.
Technological advancements significantly improved learning analytics, utilizing digital data
for behavior analysis, predictive assessment, and evaluation of learning interventions. Big
data further extends analysis by integrating multiple data sources, enabling longitudinal and
predictive evaluation (Maesaroh, 2025; Maulana et al., 2023; Pulungan et al., 2025).

This trend demonstrates that technology integration enhances accuracy, efficiency, and
personalization in data collection. Yet, gaps remain due to limited teacher competency,
institutional resources, and suboptimal data protection procedures. Quantitative methods
dominate, whereas in-depth qualitative exploration, particularly regarding children’s social
and emotional contexts, remains insufficient.

Practical Implications

The study’s findings have significant practical implications. First, early childhood
education institutions should adopt a balanced combination of qualitative and quantitative
methods to obtain a comprehensive understanding of child development. Second, technology
integration such as learning analytics and big data must match institutional infrastructure and
teacher competencies. Third, development of adaptive, user-friendly digital instruments will
accelerate data collection and facilitate analysis. Fourth, data protection policies and ethical
standards should be applied to ensure child data security. Fifth, teacher training in data
literacy is crucial to optimize technology use (Damayanti et al., 2025; Suhardi, 2025).

Table 3. Recommendations for Early Childhood Education Data Collection Practices

Recommendation Description Benefits
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Method Combine observation, interviews, More complete data, improved

Combination questionnaires, and digital analytics analysis quality

Teacher Training  Data literacy and use of technology = Enhances analytical ability,
for data collection reduces bias

Technology LMS, mobile apps, big data, Efficient data collection, real-

Integration learning analytics time monitoring, outcome

prediction

Adaptive Flexible questionnaires and Responsive to children’s needs,

Instruments observation sheets easy to use

Privacy Policy Child data security and ethics Protects privacy, builds
standards stakeholder trust

Source processed by researcher

Table 3 presents practical recommendations to enhance data-driven management in
early childhood education institutions. The literature review indicates that data collection
techniques in early childhood education management have evolved significantly, shifting
from traditional manual methods toward advanced technology integration and data analytics.
Manual observation and interviews remain essential for capturing qualitative insights into
children’s behavior, interactions, and learning processes. Meanwhile, digital questionnaires,
learning analytics, and big data offer faster, more accurate, and predictive capabilities,
enabling institutions to monitor development, assess program effectiveness, and implement
personalized interventions.

The integration of technology provides substantial benefits, including efficiency in data
collection, real-time monitoring, personalized educational strategies, and evidence-based
decision-making. However, it also introduces challenges related to teacher competencies,
availability of technological resources, infrastructure limitations, and data privacy concerns.
Many PAUD institutions still face low adoption rates of technology, an overreliance on
quantitative methods, and insufficient exploration of qualitative aspects such as socio-
emotional development and contextual learning.

To address these gaps, this study recommends combining multiple data collection
methods, providing targeted teacher training, developing adaptive and user-friendly
instruments, integrating technology systematically, and enforcing robust data privacy
policies. By implementing these strategies, early childhood education institutions can
improve the accuracy, relevance, and utility of collected data. Overall, these findings provide
a comprehensive understanding of the evolution of data collection in early childhood
education, forming a foundation for evidence-based management, innovation, and the
effective use of technology in early childhood education.

DISCUSSION

This discussion indicates that data collection techniques in Early Childhood Education
management have undergone a significant transformation from traditional approaches toward
the use of digital technology and advanced analytics. Literature findings show that traditional
methods such as manual observation, interviews, and questionnaires still dominate early
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childhood education practices, particularly in institutions with limited resources and
infrastructure (Aurilia et al., 2025; Maesaroh, 2025). While these methods provide rich
contextual data, dependence on interviewer skills and human bias remains a major limitation,
affecting data consistency and accuracy.

Within the evolution framework, modern techniques such as learning analytics (LA),
big data, and artificial intelligence (AI) integration have emerged as powerful tools for
providing real-time data, enabling monitoring of child development, and supporting
evidence-based decision-making (Ersozlu et al., 2024; Maulana et al., 2023; Noviandy et al.,
2025). Noviandy & Maulana (2025) emphasize that LA and educational data mining offer
predictive and personalized capabilities relevant to early childhood education management
development. These findings are reinforced by Damayanti et al. (2025), who highlight digital
transformation in elementary school management through technology integration.

Literature on human-centred learning analytics underscores the importance of designing
systems that involve stakeholders, including educators and children, to enhance trust,
relevance, and data accuracy (Alfredo et al., 2023). This suggests that technology adoption is
not merely automation but requires active user engagement, particularly in early childhood
education contexts sensitive to children’s developmental needs. Fernandez-Sanchez et al.
(2025) also support this perspective, emphasizing Al integration in developing analytics-
based educational assessment rubrics that require participatory design.

Critiques and controversies regarding modern technology adoption are also
documented. Bulut et al. (2024) highlight ethical opportunities and challenges related to Al in
educational measurement, while Khalil et al. (2025) and Latif & Zhai (2025) stress the need
for data privacy and security mechanisms prior to broad implementation. Bulut et al. (2024)
and Suhardi (2025) assert that infrastructure limitations, teacher competencies, and privacy
issues are key barriers to Al and big data application in education, consistent with this study’s
findings. Logan et al. (2025) also show that researcher trust and readiness are crucial factors
in data sharing, relevant to LA implementation in early childhood education.

Some studies support the continued dominance of traditional methods. Qualitative
research indicates that observation, interviews, and documentation remain primary techniques
for understanding management practices and child development (Aurilia et al., 2025;
Maesaroh, 2025). However, broader educational evaluation literature emphasizes that
triangulation combining observation, interviews, and documentation can enhance data
validity and reliability (Hamid, 2025; Kasih & Muspawi, 2024). This confirms that
transitioning to modern techniques still requires a foundation in traditional methods to
maintain contextual and meaningful data.

Conversely, literature addressing advanced technique challenges reminds that LA and
Al are not universally suitable and may involve high investment costs without adequate
contextual support (Sapkota, 2024; Siddiqua, 2023). Zhao et al. (2024) emphasize that
databases and big data as methods require pedagogical contextual attention to avoid
misinterpretation. Therefore, a balance exists between optimism about technology and the
need for proper contextualization, especially in early childhood education settings.

Implications for early childhood education practice indicate that enhancing data-driven
educational management requires developing human resource capacity and digital
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infrastructure while retaining the strengths of traditional methods. LA and Al enable real-
time child development monitoring, support tailored pedagogical interventions, and
strengthen overall management evaluation (Noviandy & Maulana, 2025; Pulungan et al.,
2025; Sunarto et al., 2024).

This study contributes by providing an overview of methodological and technological
evolution in early childhood education data collection, integrating findings from literature on
learning analytics, big data, and Al to show general trends and implementation challenges. It
offers a theoretical basis for further research and evidence-based management practice while
highlighting the balance between traditional and modern methods (Boateng et al., 2024; Ilyas
et al., 2025; Yenisa & Putri, 2024).

Study limitations include reliance on secondary literature and a lack of direct empirical
data from early childhood education. Most advanced technology studies were analyzed in
elementary or higher education contexts, so generalization to early childhood education
requires caution (Bahrani et al., 2025; Evans et al., 2025; Huong et al., 2024).

Future research should focus on empirical studies evaluating modern data collection
techniques in early childhood education, including experimental case studies comparing
traditional versus advanced methods. Research should also explore teacher training strategies
in data and analytics usage and develop ethical guidelines for child data privacy and security
in digital learning environments (Bulut et al., 2024; Khalil et al., 2025; Latif & Zhai, 2025).

CONCLUSION

In conclusion, the evolution of data collection in early childhood education
management reflects a gradual shift from traditional observation, interviews, and
questionnaires toward the integration of learning analytics, big data, and Al, providing real-
time, predictive, and personalized insights. While modern technologies enhance evidence-
based decision-making and program evaluation, challenges remain in infrastructure, teacher
competencies, ethical considerations, and contextual applicability. Effective practice requires
a balanced approach that combines traditional methods with advanced tools, supported by
stakeholder engagement, capacity building, and robust data privacy measures. Addressing
these gaps can strengthen data-driven management, optimize child development monitoring,
and guide future empirical research in early childhood education contexts.
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