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This study aims to develop instructional design strategies included in educational programs that
can effectively improve the educational data literacy of pre-service teachers. We used the design
and development model proposed by Richey and Klein and investigated its internal and external
validity. Internal validity assessment involved the input of five experts who evaluated the initial
instructional strategies. We conducted an educational data literacy education program with 29 pre-
service teachers from Korean colleges and graduate schools for external validity. The effectiveness
of the program was verified by the Wilcoxon Rank Sum Test, which revealed a meaningful
statistical difference between Wilcoxon Rank Sum Test post-scores after the four weeks of online
classes. Therefore, this study developed instructional strategies followed by the steps of data-based
decision-making: the final instructional strategies encompass 21 strategies, categorized for
implementation before, during, and after classes, accompanied by 38 detailed guidelines. This
approach bears notable significance as it encapsulates actionable and effective instructional
strategies thoughtfully tailored to the unique circumstances and educational setting of the field, as

well as the specific characteristics and requirements of the learners.
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Introduction

Following the enactment and introduction of the “Act on Vitalization of Data-
Based Administration” in Korea in 2020, there has been a noticeable shift toward
embracing a data-based society. This entails using data to make informed decisions
across social, economic, and political domains (Pentland, 2013).

In tandem with this, changes are being initiated across all levels of the education
system. The Ministry of Education revamped the Education Data Statistics System
(EDS) to enable personalized education using big data (Park, 2020). Additionally, a
local education office in Korea has developed an integrated platform enabling the
collection and utilization of educational data (Lee, 2023). On the one hand, the
research is increasingly supporting the analysis and prediction of data and expanding
the potential applications of data (Kim & Kim, 2021; Oh & Oh, 2018; Shin et al.,
2021). It is evident, however, that promoting data literacy development and
researching practical uses of data are necessary to drive change at a school level (Choi
et al., 2023; Kwon, 2019). Teachers, specifically, are expected to support learning
through facilitating learner-centered and personalized education (Luckin et al., 2016),
which demands the development of data literacy skills, including the ability to
evaluate various forms of data as well as the accuracy of data-based information
(Hong et al., 2017).

However, improving educational data literacy requires sufficient time for
continuous education and experiential learning. This, consequently, requires a
systematic approach to developing human resources by providing educational
opportunities from the beginning of teacher preparation (Mandinach & Gummer,
2016; Reeves, 2017).

Accordingly, a variety of approaches have been taken to improve the data literacy
of pre-setvice teachers. Piro et al. (2014) developed “Data Chat” to increase data

literacy behaviors, and Reeves and Honig (2015) implemented a program for pre-
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service teachers to utilize assessment data to identify learners' strengths, weaknesses,
and levels of understanding. The major observation was that the pre-service teachers
who participated in the program demonstrated significant improvements in data self-
efficacy. Furthermore, a study by Kim and Kim (2022) aimed to enhance data literacy
competencies by creating a program on big data analytics.

However, it should be noted that previous studies have certain limitations
regarding their applicability and scalability. Pre-service educators should receive
training on a methodology for “data-driven decision-making”. Teaching all of the
necessary analytical methods, as demonstrated in previous studies, is not feasible due
to the increased amount of data available. Pre-service teachers should be encouraged
to engage in collaborative, communicative, and critically reflective activities with
peers within the data-based decision-making process (Henderson & Corry, 2021;
Mandinach & Gummer, 2016). Furthermore, data literacy is relevant across various
domains as it extends beyond specific subjects and disciplines. It is important to
consider pre-service teachers with diverse backgrounds, experiences, majors, and
interests (Kim & Kim, 2022).

Consequently, this study aims to develop and validate instructional design
strategies to improve the educational data literacy of pre-service teachers. The
objective is to equip pre-service teachers with the ability to engage in collaborative
data-based instructional decision-making in the real-world contexts, encouraging
them to use data to make informed instructional decisions. To this end, the study

poses the following research questions:

1) What instructional strategies can be employed to improve the educational data
literacy of pre-service teachers?
2) Do these instructional strategies designed to improve the educational data

literacy of pre-setvice teachers demonstrate validity?
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Theoretical Background

Educational Data Literacy

Educational data literacy is a multifaceted concept encompassing education, data,
and literacy. While data literacy broadly refers to the ability to read and write data, its
definition varies across disciplines (Kim & Suh, 2022; Song et al., 2021). For instance,
in social science, Shields (2005) included the understanding of various tools that can
be employed in data acquisition and manipulation. In media studies, Deahl (2014)
defined data literacy as the competency to collect, understand, and visualize all types
of data to support opinions. On the other hand, in computer science, Long and
Magerko (2020) explained data literacy as the understanding of machine learning
processes rooted in data generated by Al algorithms and the critical interpretation of
learning datasets.

The definitions discussed above highlight the variability of the concept of data,
depending on the user and their intended application. This study examines diverse
interpretations of data literacy as presented in previous studies, intending to
characterize data literacy in education, as illustrated in Table 1.

When examining the differences between data literacy and other concepts,
information literacy is the most common concept. Nonetheless, due to the semantic
differences between ‘information’ and ‘data’, there is a clear distinction between the
two types of literacy (Bae, 2019). According to Liew (2007), information refers to
content extracted from data while data is presented in the form of raw, unprocessed
data. Data literacy which collects, analyzes, purifies, and converts various raw data
into information is more suitable for a modern data-rich society.

This study further posits that statistical literacy and assessment literacy are the
subcomponents of data literacy within the process of data-based decision-making,
building on Henderson and Cotty's (2021) conceptualization of data literacy. We

argue that statistical and evaluative literacy acts as foundational components of data
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Table 1
Concepts of related data literacy presented in previous studies
Concept Definition
@ The ability to understand the significance of responsible and ethical
. usage of information, to have a critical awareness and appropriate
Information . . . L . . .
it information behavior in order to obtain information according to their
eracy , ) o .
y information needs through channels or media in society (Johnston &
Webber, 2003).
@ The ability encompasses fundamental and critical skills needed to use
Statistical statistical information and to interpret results, as well as an
literacy understanding of statistical concepts, symbols, vocabulary, and
measures of uncertainty such as probability (Ben-Zvi & Garfield, 2004).
= The ability to understand educational assessment and the skills to use
Assessment . .
it that knowledge to measure the achievement of diverse students
iteracy

(Stiggins, 1991).

Data literacy

o The ability to identify, acquire, evaluate, clean, analyze, and visualize data
is necessary, as well as the ability to handle data using information
technology (Association of College and Research Libraries, 2013).

= The ability to use data critically and ethically (Calzada Prado & Marzal,
2013).

@ The ability to make data-based decisions incorporating statistical literacy,
assessment literacy, and pedagogical knowledge (Henderson & Cortry,
2021).

Teacher
data literacy

v The educators' aptitude to consistently, ethically, and approptiately
acquire, comprehend, apply, and convey various kinds of data relevant
to their roles and duties is significant (Data Quality Campaign, 2014).

Data literacy
for teaching

@ The ability to use data to inform instructional decisions involves the
merging of data analysis with knowledge and expertise in pedagogy
(Mandinach & Gummer, 2016).

literacy, enabling higher-level behaviors like data-based decision-making,.

Likewise, data literacy in education has distinct characteristics which differentiate
it from other relevant concepts. At first, data literacy in education includes the ability

to objectively comprehend the educational context. It is crucial that the use of data
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in education is grounded in content knowledge, educational objectives, learner
characteristics, curriculum knowledge, instructional strategies, content pedagogy, and
the educational environment (Mandinach & Gummer, 2016; Mandinach et al., 2015).
This perspective also requires educators to be aware of ethical and critical matters in
using data in education (Calzada Prado & Marzal, 2013; Koltay, 2017).

Second, in education, data literacy strongly emphasizes the importance of making
decisions and communicating based on data (Data Quality Campaign, 2014,
Henderson & Corry, 2021). As supported by research on data-based problem-solving
in educational contexts (Gill et al., 2014; Mandinach & Gummer, 2013), the
significance of an inquisitive mindset and collaboration in deriving actionable
instructional knowledge and practices is noteworthy (Gummer & Mandinach, 2015).

Consequently, in the context of this study, data literacy refers to more than just
the ability to understand and interpret the process of collecting and analyzing data.
We defined educational data literacy as the ability to collect, analyze, understand, and
interpret data and transform it into actionable pedagogical knowledge and behaviors
as well as the ability to communicate collaboratively based on it. (Henderson & Corty,

2021; Mandinach & Gummer, 2010).

Data-based Decision-making in Educational Context

To improve educational data literacy, adopting an instructional approach that
differs from traditional data literacy programs is necessary. This prioritizes statistical
principles and data analysis methods. In line with the findings of Gummer and
Mandinach (2015), Kippers et al. (2018), and Means et al. (2011), it should be
structured as a comprehensive instructional module that encompasses the full
spectrum of data-based decision-making processes in educational contexts. The data-

based decision-making framework for teachers to enhance their skills is shown in

Figure 1 (Schildkamp & Ehren, 2013).
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Figure 1. The Procedure of Data-Based Decision-Making
(Schildkamp & Ehren, 2013, p. 56)

The process is in the formation of sequential steps, enabling teachers to collaborate
effectively as a ‘data team’ when making data-based decisions. All stages of this
training process are interconnected, following a logical progression.

In the first step ‘problem definition’, the data team selects an educational problem
and establishes a goal. Following this, they hypothesize in the next step ‘formulating
hypotheses’.

Moving on to the third step ‘data collection’, information is gathered based on the
identified problems and formulated hypotheses. This may comprise vatious types of
data, such as evaluation data, test reports, and test outcomes, with data collection
methods encompassing quantitative, qualitative, and blended approaches.
Subsequently, in the ‘data quality check’ step, the data team is tasked with checking
the reliability and validity of the collected data.

The data, ranging from descriptive to inferential statistics, are examined through

different methods like regression analysis in the ‘data analysis’ step. This step also

175



Huijin SEOK et al.

entails data computation and summarization, followed by a comparative analysis.
Then in the ‘interpretation and conclusions’ step, a determination is made regarding
the validity of the hypothesis. If the hypothesis is true, the acquired information is
utilized to determine the subsequent course of action. Otherwise, one sets up a new
hypothesis or reverts to the second step to obtain additional information.

In the step of ‘implementing improvement measures’, the team deliberately
considers the problem-solving goals and the necessaty steps to achieve them. Each
team member takes responsibility for determining the required resources and
executing the actions. Additionally, they monitor these actions and make decisions
on the data collection to assess the efficacy. In the final ‘evaluation’ step, the team
assesses the effectiveness of the measures, the achievement of the objectives, the
level of satisfaction with the outcome, and whether the problems were resolved.
Depending on the result, they can proceed to a new problem, which means to initiate
a new round from ‘step 1’.

Drawing from the eight-step framework for data-based decision-making, Table 2
presents an overview of prior research that explored diverse approaches to enhancing
data literacy.

The implications drawn from the analysis of instructional strategies in previous
research are as follows. First, it is essential to implement strategies that enable pre-
service teachers to gain practical; hands-on experience. The absence of a training
environment results in limited practical experience in the phases of problem
identification, data collection, and implementation of development measures. As
established by previous research, participating in teacher internships can offer diverse
opportunities for data exploration (Miller-Bains et al., 2022).

Second, the establishment of strategies for supporting self-directed learning is
essential. The initial stage involves the introduction of data-based decision-making
and its significance on data utilization so that students ate conscious of the program's
need and purpose (Miller-Bains et al., 2022; Song et al., 2021). In this process,

instructors can support structured learning experiences by providing protocols and
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worksheets in advance, as well as acting as facilitators to support learners (Kippers et
al., 2018; Reeves, 2017).

Third, the decision to directly teach and demonstrate statistical and data analysis
skills depends on the learner’s prior knowledge. Previous studies have utilized
strategies such as direct instruction, demonstration, and providing guidelines to help
students better understand statistical theory and vatious analysis methods for data
analysis (Piro et al., 2014; Song et al., 2021). Additionally, the selection of data analysis
tools was influenced by the learner’s proficiency level (Song et al., 2021). It is essential
to note that the primary objective of data literacy education extends beyond acquiring
theoretical knowledge and skills.

Fourth, encouraging collaboration among students is critical. Data-based decision-
making in schools requires collaboration and communication between multiple
stakeholders. Also, collaboration further fosters a deeper engagement in activities and
allows pre-service teachers to seek assistance when facing challenges (Reeves, 2017).
Previous studies have gathered a group of pre-service teachers based on their
education levels and academic majors and engaged them in practice tasks or
discussions as a part of a collaborative approach (Kippers et al., 2018; Piro et al.,
2014).

Lastly, presenting and sharing the accomplished collaborative work is essential.
Learners are able to engage in data communication practice through presentations.
Song et al. (2021) implemented measures to facilitate the exchange of feedback, both
from their peers and instructors. They further evaluated students’ academic
performance at the end of the class and provided opportunities for self-reflection.
Therefore, it is necessaty to support pre-service teachers in practicing data-based

communication and reflecting on their data-based decision-making process.
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Methods

Research Procedure

This study developed instructional strategies to improve the educational data
literacy of pre-service teachers. The development process adhered to the design and

development research method outlined by Rickey and Klein (2007), as followed by

Table 3
Procedure for developing instructional strategies

Classification Procedure Details

. o Review of previous literature related to data
A Review of W p

literacy, data literacy education for teachers and

Previous . .
) pre-service teachers, and data-based decision-
Literature :
making
o Through a literature review, extract procedural
steps for developing initial instructional
The development strategies using a data-based decision-making
A of Instructional - model.
. Initial i i ] i
strategies @ Analyze the instructional strategies of previous
Development of . . . . .
I onal studies on educational data literacy instructional
nstructiona . . .
design based on data-based decision-making
strategy steps from 1 to 8.
= Extract strategies for initial development based
on previously proven effective strategies among
the previous studies.
o Expert review of the initial instructional
Internal strategies
Validation o Derivation of revised instructional strategies
L and supplements based on expert opinions
Validation of PP P P
B Instructional o Instructional design and application in class
strategies @ Verification of the effectiveness of educational
External .
o data literacy
Validation

o Derivation of the final instructional strategies

after collating validation results
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previous studies Li et al. (2023) and Song et al. (2021) on instructional strategy
development. The research method is categorized into two types: developing
products and tools (Type 1) and model research (Type 2). This study follows type 2,

with the detailed research procedure shown in Table 3.

Participants

Participants for internal validation. Verifying validity is critical in the
instructional strategy development process (Richey & Klein, 2007). In this study,
experts were consulted to obtain feedback on the development of instructional
strategies on the basis of data-based decision-making stages and to improve the
content. A panel of five educational professionals then evaluated the initial

instructional strategies. Table 4 illustrates more details on the experts’ profiles.

Table 4
Profile of experts participating in internal validation
Experts Career Position Major Highest degree
A 16 years Professor Educational Technology Doctoral

Education Measutement
B 10 years Professor ] Doctoral
and Evaluation

C 15 years Teacher Computer Education Bachelor
D 5 years Researcher Educational Technology Doctoral Student
E 6 years Researcher Educational Technology Doctoral Student

Participants for external validation. External validation of instructional
strategies is crucial to ensure the applicability of the strategies in real-world
educational contexts (Rickey & Klein, 2007). To this end, a total of 29 pre-service
teachers enrolled in either a college of education or a graduate school of education
were recruited to participate in an educational data literacy class.

The invited class instructor had significant expertise in teaching educational data

analysis to pre-service teachers. Her career is recognized in the field of education, so
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she teaches at a university as a professor. We accordingly selected experts with an
advanced understanding of educational data literacy and the capability to skillfully
implement instructional strategies in the classroom.

Participants were selected using convenience sampling. We promoted our
education program by posting on pre-service teachers’ online communities to recruit
participants. Twenty-nine participants were carefully selected among the received
Google Forms responses as a result. The group consisted of two graduate students
with majors in education methods and Korean language education and 27 college
students with a diversity of majors from educational technology to eatly childhood
education, social education, and mathematics education. It is worth noting that the
majority of the participants had prior exposure to educational statistics or

programming coursework.

Data Collection

In this study, we collected expert opinions during the internal validation process
concerning instructional strategies through the expert validation checklist. Moreover,
a pretest-posttest assessment took place in the external validation stage to verify
significant differences in educational data literacy. The educational data literacy scale
developed in the prior study was applied to both assessments’ scales.

For the expert validation assessment, we established review criteria as a checklist
referring to the standards outlined by Rha and Chung (2001), which have previously
been adapted and refined by Kim (2019) and Song (2021). The evaluation criteria
comprised 12 elements, mainly consisting of questions regarding levels of
explanation, wvalidity, appropriateness, universality, and comprehensibility of
instructional strategies. We collected and analyzed the narrative responses. Sample
evaluation questions include: “Is there an organized system and structure?” and
“Does it employ methods that generate interest and motivation?”. In expert selection,
we adhered to the criteria outlined by Davis (1992); a minimum of two experts who

have either authored academic papers in relevant professional fields or who can
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credibly demonstrate their professional qualifications must be chosen. Five experts
accordingly took a role as a panel, providing their assessments on program
improvement and potential revisions to instructional strategies.

To assess the external validity of instructional strategies, we employed an
educational data literacy measurement scale developed by Seok (2023). This
assessment comprises a total of six components with 35 items, as depicted in Table
5. Responses were recorded on a 5-point Likert scale. The overall Cronbach's a for

all items signified a high level of reliability of .98.

Table 5
Educational data literacy variables

The number

Variables Sub-factor Reliability . Examples
of questions
Problem I know what types of
identification and .68 3 data can be used in an
definition educational context.

. I can determine what data
Data collection and
.82 8 needs to be collected to solve
management .
educational problems.

I can make a plan for
Data analysis and

. . .86 8 data analysis to validate
interpretation
Educational the hypotheses.
data literacy T understand the
characteristics of various
Data visualization . L
) .89 5 data visualization way
and representation
such as tables, charts,
and graphs.
Instructional 93 . I can diagnose student
decision making ’ needs using the data.
I can use data ethically
Reflection .90 4
and legally.
All questions 98 35
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Results

Initial Instructional Strategy Development

This study developed instructional strategies that adhere to the sequential stages
of data-based decision-making to improve the educational data literacy of pre-service
teachers. The following features characterize the strategies. First, it guides how lesson
materials are prepared and outlines plans to support learners. Second, it guides
instructors to support self-directed learning experiences as facilitators. Third, it
supports the design of instruction that considers the characteristics and needs of
learners by analyzing their prior knowledge and motivation as well as providing
personalized support. Fourth, it promotes authentic experiences by providing actual
educational data, practical tasks, and other methods. Finally, it facilitates
collaboration and communication among the learners and encourages critical
reflection through team-based tasks and feedback sharing. As a result, as shown in
Table 6, this study presents initial instructional strategies encompassing 18 strategies

and 31 detailed guidelines.

Internal Validity

This study carried out expert reviews to validate the initial instructional strategies.
The reviews directed attention to three significant areas of modification:
consideration of learner motivation, consideration of learner proficiency levels, and
presentation of practical assignments.

One of the experts emphasized the value of helping pre-
service teachers comprehend the significance of educational data literacy and data-
based decision-making with regard to learner motivation. The strategies were
modified to incorporate specific examples and illustrations of data-based decision-

making in an educational context.
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Table 6
Initial instructional strategies

Steps Strategies

References

Select appropriate tools and

environments for the class

Reeves (2017),
Song et al. (2021)

0. Prepate for class and Form groups for practical

set up environment assighments

Kippers et al. (2018),
Piro et al. (2014)

Create worksheets for

practical assignments

Piro et al. (2014),
Reeves (2017)

Introduce the basic concept
of educational data literacy and

data-based decision-making

Miller-Bains et al. (2022)
Reeves (2017)

>

1. Introduce class

Provide practical assignment

Miller-Bains et al. (2022),
Piro et al. (2014),
Reeves (2017),
Song et al. (2021)

Introduce educational data
that can be collected to

define a problem
2. Define problem

Miller-Bains et al. (2022),
Piro et al. (2014),
Reeves (2017),
Song et al. (2021)

Explain the process of identifying

and defining a problem

Kippers et al. (2018),
Miller-Bains et al. (2022),
Song et al. (2021)

Guide the process of
3. Formulate hypotheses )
formulating hypotheses

Kippers et al. (2018)

4. Collect data Guide data collection

Miller-Bains et al. (2022)

) ) Provide instructions on how to
5. Verify data quality o
evaluate the reliability of data

Kippers et al. (2018),
Song et al. (2021)

Consider learners’ prior knowledge

and experience

Piro et al. (2014),
Song et al. (2021)

Introduce the data analysis tool

Reeves (2017)

6. Analyze data
Introduce fundamental concepts

of statistics and various data

analysis methods

Kippers et al. (2018)
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Table 6
Initial instructional strategies (continued)
Steps Strategies References
Reeves (2017),
. . . Kippers et al. (2018),
6. Analyze data Provide practice opportunities )
Miller-Bains et al. (2022),
Song et al. (2021)
. . Reeves (2017),
7. Interpret and draw Guide the way to interpret data ) )
) Miller-Bains et al. (2022),
conclusions logically based on evidence )
Piro et al. (2014)
8. Implement Provide opportunities to Kippers et al. (2018),
improvement actions implement modification Miller-Bains et al. (2022)
Share experiences about the process of Piro et al. (2014),
data-based instructional decision-making Song et al. (2021)
9. Evaluate

Critical reflection on the process of
) . o ) Song et al. (2021)
data-based instructional decision-making

Second, the instruction is advised to be presented incrementally from simple to
advanced knowledge, considering the learner’s proficiency level, when teaching
statistical concepts and data analysis techniques. Furthermore, recognizing different
learning levels within individual learners prompted the inclusivity in providing
additional support for supplementary and advanced learning. Learning materials for
previewing and reviewing were integrated in response.

Lastly, in terms of practical assignments, concerns were raised about the possibility
of free-rider tendencies in teams with four to five members. In response to these
concerns, the size of the group contracted to two to three individuals. Furthermore,
an expert recommended providing learners with instructional guidelines and
specifying assessment criteria for peer feedback on each team’s practical tasks in

class.
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External Validity

Instructional design and application in class. With the instructional strategies
modified based on internal validation, external validation was implemented by a
lecturer with expertise in educational data analysis. The process entailed a total of 8
classes held over four weeks, employing a block scheduling system via Zoom. The
participants involved in this study consisted of 29 pre-service teachers.

Before delivering educational programs, we analyzed the learners and developed
content and tasks such as motivation, prior knowledge, and experience based on their
characteristics. However, a significant number of the pre-service teachers who
participated in the study had no prior experience and were unfamiliar with statistical
concepts. Adjustments were made to the structure of the session in general to lower
the entry barrier and make the concept of ‘data-based decision-making’ more
accessible. Data analysis was introduced as the first step. Then, we offered explicit
teaching on evidence-based statistical principles and the utilization of data analysis
software.

Next, practical tasks were developed to provide hands-on learning. Actual data
from Kaggle was shared, accompanied by a protocol worksheet for making data-
based decisions. There were teams of 2-3 pre-service teachers for these tasks based
on their respective majors. They had the opportunity to work together on practical
tasks (see Figure 2). In the last session, the teams presented their work and received
feedback from peers and the instructor. Pre-service teachers recorded improvements
to their work while listening to the presentations (see Figure 3). After each lesson,
they were encouraged to reflect critically on data-based decision-making by

completing reflection journals.
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Figure 3. A sample screen of the educational data literacy program

Effectiveness of educational data literacy. In this study, we conducted pre-and
post-tests to assess the educational data literacy of the students and the effectiveness
of the developed instructional strategies. Given the relatively small sample size of

fewer than 30 participants, we subjected each sub-variable within the educational data
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literacy variable to the Shapiro-Wilk normality test. After excluding the two variables,
namely ‘Data collection and management’ and ‘Data visualization and representation’,
the significance probability for the remaining four variables was found to be less
than .05. This result suggests that the data did not fit the normality, leading us to
implement the Wilcoxon rank-sum test—a nonparametric test used for paired sample
t-tests.

Wilcoxon rank sum test results showed meaningful statistical differences (p <.001)

between pre and post-scores for all factors. Detailed results of the analysis are

presented in Table 7.
Table 7
Results of the Wilcoxon rank-sum test for educational data Literacy
Pre- Post- Post-Pre
Variable Factors
test test M SD |4 b
Problem identification
3.43 4.45 1.02 0.65 0 okok
and definition
Data collection and
3.14 4.10 0.96 0.52 0 koK
managcment
. Data analysis and
Educational 3.39 4.25 0.85 0.61 14.5 Hokok

interpretation

data literacy
Data visualization and

. 3.73 4.29 0.56 0.6 26.5 ook
representation

Instructional decision-
. 3.16 4.21 1.06 0.84 18.5 Fopok
making

Reflection 3.74 4.40 0.66 0.69 4.5 Hook

Total 0.87 0.51 2 ook

k<001

Final Instructional Strategies

The final instructional strategies that underwent internal and external validation

are outlined as follows. These strategies encompass ten stages, consisting of eight

189



Huijin SEOK et al.

steps aligned with the data-based decision-making process, along with two
preparatory and introductory steps. Table 8 displays the final 21 strategies, including
their timing for implementation (before, during, and after the class). In addition, the
strategies are comprehensively elaborated upon with a total of 38 guidelines, offering
specific insights into how to support learners.

The final instructional strategies can be summarized as follows. To begin with, the
preparation for the class and setting up the learning environment entails analyzing
students and selecting appropriate tools or platforms for class analysis. Moreover,
acknowledging the diversity in proficiency levels among learners, it becomes
imperative to provide pre-study and review materials in advance. Furthermore,
arrangements for group organization and the creation of worksheets should be made
to facilitate the practice tasks.

As a first formal step, ‘1. Introduce the class’ comprises two general guidelines:
introduce learners to the concepts of educational data literacy and data-based
decision-making and their importance.

In the second step 2. Define the problem’, it is imperative to introduce accessible
data for exploration and to provide a detailed explanation on the steps to identify and
define problems. Similatly, it is essential to guide students through the execution of
steps ‘3. Formulating hypotheses’ and ‘4. Collect data’.

Preceding the execution of ‘6. Analyze data’ step, it is crucial to verify the quality
of the data which brings the ‘5. Verify data quality’ step between steps 4 and 6. In
step 0, learners are tasked with selecting a topic for data analysis based on their prior
knowledge and experience in their virtual educational context. During the class, the
instructor introduces data analysis tools like ‘Orange 3’, which is used in the external
validation of this research. Additionally, essential foundational statistical concepts
and methodologies are presented in consideration of the learner’s proficiency levels.
Finally, it is of paramount importance to furnish students with practical experience
in an educational context.

The instructor provides worksheets and protocols to support learners in logical
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interpretation of data in step 7. Interpret and draw conclusions’. Then, in step ‘8.
Implement improvement actions’, it is crucial to develop actionable improvement
measures even when the execution may not be immediately feasible. The final step
9. Evaluate’ involves presentation and reflection activities. It is imperative to furnish
learners with predefined criteria and guidelines for these activities. Before concluding
the class, it is important to allocate time for learners to share their experiences with
the data-based decision-making process and to receive feedback from the instructor
and peers. This process enables learners to engage in critical self-reflection regarding

their own performance.

Table 8
Final instructional strategies

Steps Period Strategies Detailed Guidelines

o Perform preliminary interviews to gain insight

into learners’ motivations, prior knowledge,

0-1. Analyze the needs, levels, and expectations.

Before skill level, and prior

. o Determine the level of data-based decision-
experience of learners

making practice tasks based on the learner's skill

level and prior experience.

o Choose necessary online learning tools that consider

0-2. Select appropriate tools both leatners and instructors.
Before and environments for the o Choose interaction tools and strategies to facilitate
0. Prepate for . .
P class instructor-student and student-student

class and set up -
communication.

environment
0-3. Provide sufficient
Before and o Provide materials in advance for preview and
materials and time for
after review.
preview and review

0-4. Form groups for 9Assign 2 to 3 learners in one group based on their

Before
practical assignment prior experiences, knowledge level, and major.
o Provide worksheets that help students follow data-
0-5. Create worksheets for based decision-making processes in practical tasks
Before

practical tasks o Provide realistic and contextualized data for practical

tasks
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(continued 1)

Steps Period Strategies Detailed Guidelines
o Introduce the concept and necessity of educational
data literacy.
o Introduce the process and cases of instructional s
1-1. Introduce the basic . .
decision-making.
) concept of educational data
During . o Provide examples of data-based decision-making
literacy and data-based
. . processes in the educational context by in-service
decision-making
1. Introduce class teachers.
o Notify teachers in training to understand defining
specific problems or collecting actual data.
o Provide guidance on the structure and utilization of
worksheets for the practical tasks.
During 1-2. Provide practical tasks
o Support learners to follow the recommended
guidelines and complete the practical tasks.
o Elucidate the concept and different types of
educational data to facilitate learners' comprehension.
2-1. Introduce educational
During data that can be collected to = Conduct a discussion activity to let learners brainstorm
define a problem alternative educational data utilization = strategies
2. Define problem beyond the provided examples.
o Provide prompts to help learners understand the data
2:2. Explain the process and problem situations.
Dutin of identifying and defining
uring o Guide learners through the principles of defining a
a problem
problem and provide them with practice tasks
3. Formulate 3-1. Guide the process of o Practice identifying problems and formulating
During hypotheses from the given dat
hypotheses formulating hypotheses ypotheses from te given data-
o Guide on collecting various types of data (public,
4-1. Provide guidance on . - y ioad i
4. Collect data Duting private, and self-collected) beyond the data utilized in
data collection the classroom.
o Provide instructions for accurately confirming the
R 5-1. Provide instructions format and source of the data.
5. Verify data )
quality During fmj h(.“‘y o evaluate the o Guide the process of ensuring validity and reliability
reliability of data before analyzing the data.
o Considering learners' prior knowledge and
6-1. Consider learners’ prior et . . "
6. Analyze data Before experiences, choose data analysis tools that learners

knowledge and experiences

can effectively utilize.
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Table 8

Final instructional strategies

(continued 2)

Steps Period Strategies Detailed Guidelines
. ) o Based on learners' prior knowledge and experiences,
6-1. Consider learners’ prior ) . . ) .
Before . determine whether direct instruction on basic
knowledge and experiences o ) )
statistics and data analysis methods is necessary.
. 6-2. Introduce the data analysis o Explain the functions and features of the selected data
During .
tool analysis tool.

o Assess conceptual understanding and identify learner
misconceptions by responding to questions and
providing necessary corrections.

6-3. Introduce fundamental . .
6. Analyze data ) o ) @ Present statistical concepts and analysis methods
During statistics concepts and various . .
) progressing from easy to more challenging.
data analysis methods

o To motivate learners, introduce problems and
examples of results that can be achieved using
data analysis results.

o Provide actual educational data, related educational

6-4. Provide practice contexts, and problem situations.
After .
opportunities o During practice sessions, instructors provide advice
and feedback as facilitators.
o Provide worksheets or methods for logical
7. Interpret and 7-1. Guide the way to logically i R . .
’ S interpretation and drawing conclusions.
draw During interpreting data based on
. . = Highlight the need for data modification based on
conclusions evidence
objective empitical evidence.
8. Implement ) . o Provide an opportunity to experience data-based
) 8-1. Provide opportunities to o ) o .
improvement After ) o decision-making within a practical context and
) implement modification ) ) )
actions implement cortective actions.
9-1. Share the evaluation criteria @ Explain the evaluation criteria in advance and explain
Before . . . o
before the evaluation session the main evaluation items.

o Set presentation times, Q&A procedures, and

feedback processes for each group.
9-2. Share experiences with the o Provide guidelines for the presentation content,
Before and ials
) process of data-based volume, and format of the materials
9. Evaluate during . . . . . .
instructional decision-making o Instructors provide feedback on the presentation of
practical assignments.
o Share peer feedback
9-3. Critical reflection on the ) ) ) )
o Provide pre-formulated reflective questions and guide
After process of data-based

instructional decision-making

learners on submitting post-class reflection journals.
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Discussion

The study aimed to develop instructional design strategies to improve pre-service
teachers' educational data literacy skills. We accordingly completed internal validation
through expert review and external validation through classroom implementation.

This study offers a novel approach to data literacy education in teacher education.
Given the emphasis on educational data literacy in Korea, several studies have
proposed ways to enhance the data literacy of pre-service teachers (Kim & Kim, 2022;
Suh & Han, 2021). This study proposed specific examples of data-based instructional
decisions that data-literate teachers are expected to make. Additionally, it offers step-
by-step instructional strategies to facilitate those decisions. We anticipate improved
statistical knowledge, data analysis, communication, and data-based decision-making
skills through these strategies. The instructional strategies can also be applied in a
wide range of contexts, including but not limited to instructional design, student
guidance and counseling, and student teaching practice courses across various
academic disciplines and education levels. This has significance as it allows the
integration of data literacy skills into the objectives of traditional teacher education
programs.

Secondly, instructional strategies are crucial as they contribute to improving
teachers' effectiveness and expertise. In this study, 29 pre-setvice teachers were
subjected to instructional strategies for four weeks to evaluate their effectiveness.
Results showed a considerable improvement in educational data literacy competence
from pre- to post-class, with a significance level of .001. In comparison to prior
research on pre-service teachers, this study focused on improving cognitive
competencies, namely 'data literacy', instead of affective competencies such as “The
Concepts of Assessment-1I1 (COA-III)” and “Teacher Self-Efficacy Scale (TSES)’
(Miller-Bains et al., 2022). Among them, ‘instructional decision-making’ exhibited the
greatest difference with a mean of 1.06. ‘Problem identification and definition’

displayed the second largest difference with 1.02. It can be inferred that implementing
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these instructional strategies assisted pre-setvice teachers in comprehending the
various data at their disposal and in identifying and hypothesizing the problems they
aimed to address. In addition, their decision-making skills were enhanced to
recognize students' needs, strengths, and weaknesses through data analysis. The
patticipants are now capable of providing appropriate feedback on students'
performance or development; they are able to provide explanations on the decision-
making processes and persuade others through data. As a result, pre-service teachers
are expected to identify and solve various problematic situations based on data they
may encountet in an on-site school environment, ultimately contributing to students'
positive academic, attitudinal, and social growth (Goe et al., 2008).

The limitations and recommendations of this study are as follows: First, more
diverse methods should be tried to facilitate authentic learning. The study relied on
data from the 'Kaggle' platform, provided in advance during the external validation
phase. As a result, the scope of problem definition, hypothesis formulation, and data
collection was constrained. Limited access to authentic situations and data is a
challenge for teacher candidates. Future research is encouraged to explore
opportunities to access data through collaborative efforts with nearby educational
institutions, as demonstrated by Piro et al. (2014) and Reeves (2017). This
collaborative approach can potentially increase the practicality of defining problems
and implementing data-based instructional interventions.

Second, the external validation of this study included participants consisting of
both undergraduate and graduate students from teacher colleges and graduate
schools of education, primarily in metropolitan areas, with a remarkable 96.6% of the
participants being female. In addition, 48.3% of the participants majored in
educational technology, including English education, mathematics education, social
studies education, and eatly childhood education. It should be noted that generalizing
the findings of this study may be challenging due to the skewed demogtraphic
characteristics of the participants. Since data-informed decision-making has been

identified as a necessary competency for teachers in all major subject areas and at all
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levels of education, it is conceivable that this program could be applied to pre-setvice
teachers from various disciplinary backgrounds.

Finally, this study has limitations in terms of research methods. It focused solely
on internal validity in deriving strategies. Additional needs analysis and pilot testing
would have increased the completeness of the derived instructional strategies. In
addition, the study is limited by the lack of collection and analysis of various
qualitative data, such as learner interviews and reflective journals, for external validity.
Therefore, future studies should strive to include a broader range of research
methods and greater participation of pre-service teachers in the process of identifying

and evaluating instructional strategies.
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