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Abstract: Data literacy, which is considered among 21st century
skills, is becoming increasingly important. In particular, incentives
for data-driven decision-making draw attention to data literacy.
Data literacy is also critical for teachers who need to use data in
educational settings. Therefore, there is a need for data on whether
teachers are equipped with data literacy competencies before their
service. In this study, pre-service teachers’ data literacy competen-
cies were examined. The case study approach was used in the study,
which was conducted as qualitative research. The study group con-
sisted of 61 pre-service teachers studying in three different under-
graduate programs. Data were collected through the “What do the
data say?” activity instrument. Rubrics were used to analyze the
data. The findings of the study showed that while there was no dif-
ference in terms of using data and data communication, there was a
statistically significant difference between the programs in terms of
data recognition, comparing data and establishing relationships
between data competencies, as well as total data literacy. In addi-
tion, it was found that the majority of pre-service teachers were
partially inadequate or inadequate in terms of using data, data
communication and total data literacy. Nearly half of them were
partially inadequate or inadequate in comparing data and estab-
lishing relationships between data. The results indicated that pre-
service teachers have certain deficiencies regarding data literacy.
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Introduction

two decades. It is estimated that the amount of data generated reaches

about 35-40 zettabytes (Cetin & Ozkaya, 2019; Erdemir, 2018). The
amount of data produced every two days is stated to be greater than that pro-
duced from the beginning of time to 2003 (Marr, 2020). Furthermore, the
variety and complexity of data have increased compared to the past due to
technological advances (Gibson & Mourad, 2018). Apart from its applica-
tions in the fields of economics and statistics, data is utilized in all areas of
life, from education to health, from the environment to professional working
areas and daily life (Fontichiaro et al., 2017). This requires individuals to
analyze, interpret, and manage data, use data when making decisions, collect
data when necessary, know the methods of collecting and transmitting data,
and think based on data to solve problems. For this reason, being data literate
IS necessary. In the 21st century, data literacy is considered among the im-
portant skills and the understanding of its importance is increasing
(Fontichiaro et al., 2017; Valencia, 2021).

Data literacy refers to accessing and understanding data; interpreting
the information from the data; developing data-driven inferences and expla-
nations; using data as part of evidence-based thinking; evaluating the data
critically; formulating and answering problems/questions based on data; us-
ing appropriate data, tools, and presentations to support an idea; using data to
solve real/authentic problems and communicating solutions; and paying at-
tention to ethical issues when using data (Calzada-Prado & Marzal, 2013;
Vahey et al, 2006; Vahey et al., 2012). The framework of data literacy can
expand depending on the context. For example, the understanding of data
literacy may vary depending on the goals of an individual or organization.
The nature of datasets, the intended use of data, and the roles of those who
deal with data (e.g., scientists, makers, readers, and communicators) lead to
different definitions of data literacy (Wolff et al., 2016). Matthew (2016)
points out that the concept of data literacy involves uncertainty and that it
would be useful to consider data literacy as a capability. From this perspec-
tive, it is possible to talk about data literacy competencies (Wolff et al.,
2016).

THE ROLE of data in our lives has increased dramatically over the last

There are different explanations in the literature on what data literacy
competencies are. Data literacy competencies, which are commonly dis-
cussed in the aforementioned explanations and need to be used frequently,
can be examined as follows: Data recognition, using data, comparing data,
data cleaning, selecting data, data source, data quality, data transformation,
data collection, data analysis, data presentation, data communication, and
data ethics (Temel-Aslan, 2022a; Mandinach et al., 2011; Matthew, 2016).
These competencies are introduced below.
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Data recognition: Identifying the type of the data (e.g., quantitative or
qualitative data) includes being able to determine what the data is about, the
context of the data, changes in the data, patterns, and any discrepancies
(Hunter-Thomson, 2019; Temel-Aslan, 2022b). Using data: It includes being
able to evaluate the data critically; form questions, claims, and arguments
based on data; make decisions based on data; use data to support an idea; use
data when identifying/presenting a problem/problem or creating a solution to
the problem/problem; and being aware of the inference space when using
data (Hunter-Thomson, 2020; Matthew, 2016, Temel-Aslan, 2022a). Com-
paring data: It includes being able to compare two or more groups of data;
knowing which methods to use when making comparisons (e.g., arithmetic
mean, standard deviation, or proportional reasoning); and reasoning and
making inferences based on such comparisons (Reaburn, 2012; Unl(j 2022).
Data cleaning: It involves identifying, correcting, or removing incorrect, cor-
rupt, incorrectly formatted, irrelevant, inconsistent, duplicate, or incomplete
data in the dataset (Erwin, 2015; Rahm & Hai Do, 2000). Selecting data: It
involves deciding what data is needed to address a particular question or
problem (Kjelvik & Schultheis, 2019). Data selection requires identifying
the appropriate type and source of the data and the appropriate tools for col-
lecting data (The Office of Research Integrity [ORI], 2021). Data source: It
includes being able to determine from which source the data is obtained or
will be obtained (e.g., the primary source or secondary source), critically
evaluate the data sources, select the correct and reliable ones among the data
sources, know the ways to reach the data sources, compare the data from dif-
ferent data sources, and document the sources used (Calzada-Prado &
Marzal, 2013; Dong et al., 2009; Rabianski, 2003). Data quality: It includes
being able to determine whether the data reflects reality and is reliable, being
aware of what information is needed about the quality of the data (for exam-
ple, data quality dimensions such as accuracy, completeness, and consisten-
cy), knowing how to obtain this information, and valuing the data in terms of
data quality (DAMA UK Working Group, 2013; Jesilevska, 2017;
Shankaranarayan et al., 2003; Wang & Strong, 1996). Data transformation: It
includes knowing how to visualize data representations and data; being able
to select and use appropriate visualization methods and tools; and being able
to convert data from one format (e.g., a table) to another format (e.g., a
graphic) (Hunter-Thomson, 2019; Jones et al., 2000). Data collection: It in-
cludes being able to collect data and create data, knowing which technology
to store and share data and how to use it, obtaining data from sources, evalu-
ating the quality of that data; finding and using purposeful external data re-
positories; and importing data from data sources (Calzada-Prado & Marzal,
2013; Ertas-Kilig, 2022b; Gibson & Mourad, 2018; Nelson, 2015). Data
analysis: It includes being familiar with basic data processing, analysis tools,
methods, and techniques of the discipline or research area to which the data
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relates; understanding the impact of these tools, methods, and techniques on
data; being able to select and apply appropriate tools and techniques for data
analysis; being able to evaluate the results of the analysis and compare them
with other findings; and determining an appropriate workflow for repeated
analyses of data (Ertag-Kilig, 2022a; Mandinach & Gummer, 2016; Nelson,
2015). Data presentation: It includes being familiar with data presentation
methods and tools; being able to plan and implement how the data will be
presented in a form that is understandable; being able to evaluate the ad-
vantages and disadvantages of different methods of presentation; knowing
the general rules of data presentation methods; and being able to recognize
errors and gaps in data presentation (In & Lee, 2017; Royal Geographical
Society, n.d.; Unwin, 2008). Data communication: It includes knowing the
methods and tools of synthesizing, visualizing, and representing data; know-
ing how to communicate with data (for example, reporting and presenting
data); knowing which technology to use to share data and how to use it; ex-
plaining the presentation of data in different formats (e.g., table or graphic);
understanding how data can be used as evidence during discussion and use
(data as evidence); being able to evaluate the strengths, weaknesses, and lim-
itations of the data; understanding and expressing the relationships between
data; knowing the tools that can be used to transmit data (e.g., websites [mul-
timedia], short videos, text-based information, comic books, games, or audio
stories) (D’lgnazio & Bhargava, 2015; Gibson & Mourad, 2018; Keray-
Dinel, 2022; Maybee & Zilinski, 2015; Sander, 2020). Data ethics: It gen-
erally involves collecting, analyzing, storing, sharing, protecting, and using
data ethically (Floridi & Taddeo, 2016). Although the boundaries of the
competencies described above are unclear, there may be a transition between
competencies. Considering competencies in this way can facilitate a better
understanding of them. In this study, four competencies that are thought to
be more frequently used are included: ‘data recognition’, ‘using data’, ‘com-
paring data and establishing relationships between data’, and ‘data commu-
nication’.

Teaching individuals’ data literacy competencies is an important ex-
pectation for formal education. In the context of education in TUkiye, data
literacy is mostly considered either within the scope of information literacy
or as a learning area of mathematics (Akcan & Gengyirek-Erdogan, 2019;
Ministry of National Education [MoNE], 2018a; Yabanl et al., 2013). How-
ever, when the scope of data literacy and its widespread use are taken into
consideration, the necessity of looking at data literacy with an interdiscipli-
nary understanding emerges. The prediction that data literacy will have a
more important role in many professions supports this perspective. For this
reason, within the framework of formal education in schools, in addition to
teaching the basic contents and experimental methods related to the disci-
plines, it is also necessary to develop the data literacy competencies of the
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students (Schdler, 2020; Temel-Aslan, 2022a). In this development effort,
using an interdisciplinary approach is necessary rather than considering it as
a learning area of mathematics alone. Although the importance of data litera-
cy is directly or indirectly included in educational programs (MoNE 2018a,
2018b, 2018c), whether an understanding of the subject is reflected in class-
room practices needs to be determined.

This study aims to assess some data literacy competencies of pre-
service teachers, shedding light on their potential to teach data literacy in the
future. It also seeks to reflect on how they can enhance their understanding
of teaching and improving data literacy in their classroom practices, as well
as the role of their past learning experiences in acquiring and developing da-
ta literacy competencies.

Method

In this study, a qualitative research method known as the case study ap-
proach was employed to assess the data literacy competencies of pre-service
teachers. Case studies aim to provide comprehensive, systematic, and in-
depth insights into specific situations of interest (Patton, 2014). This ap-
proach places a strong emphasis on examining roles and relationships within
a given context, whether it involves an environment, individual, or process
as a whole (Yildirnm & Simgek, 2013). Within the scope of this study, the
case study method was utilized to conduct a thorough examination of select
data literacy competencies among pre-service teachers. It’s important to note
that the data collected through the chosen tools were analyzed without seek-
ing generalization.

Participants

The study group, consisting of 61 pre-service teachers, was selected using
the convenience sampling method. These pre-service teachers are enrolled at
a state university located in the Central Anatolia region of TUkiye. It was
determined that the pre-service teachers who participated in the research did
not receive any direct training on data literacy before this research. Among
these pre-service teachers, 22 of them are studying Science Education, 20 of
them are in Turkish Language Education, and 19 are in Mathematics Educa-
tion programs. PISA (Program for International Student Assessment), an in-
ternational monitoring research in education, was taken into account in se-
lecting the participants from the specified programs. As it is known, PISA is
an international research conducted by OECD (Organisation for Economic
Co-Operation and Development) in three-year cycles, evaluating the
knowledge and skills acquired by students in the 15-year-old group. In PISA
applications, students’ reading skills and literacy in mathematics and science
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are evaluated (OECD, 2023). When the proficiency levels in the mentioned
areas are examined, it is understood that students are expected to be data lit-
erate. For example, text types are included when defining different dimen-
sions to measure reading skills. In this context, it is stated that texts may con-
tain lists, tables, graphs, diagrams, advertisements, plans, catalogues, indexes
and that such texts require a different reading approach. In addition, the topic
of “uncertainty and data” is included in mathematics, and “interpreting data
and findings scientifically” in science (MoNE, 2019). Considering these ex-
planations, it can be said that students are expected to develop an under-
standing of data literacy in all three areas of the PISA research. The role of
teachers is important in developing students’ data literacy competencies.
Within the framework of formal education in TUrkiye, teachers who carry
out the education and training process at the secondary school level in these
fields are selected among the teacher candidates who graduated from math-
ematics, science, and Turkish Language Education departments. For this rea-
son, teacher candidates studying in the mentioned departments were deter-
mined as participants. From this point on, pre-service teachers studying in
the Department of Science Education are abbreviated as PST, those studying
in the Department of Mathematics Education as PMT, and those studying in
the Department of Turkish Language Education are abbreviated as PTLT.

Data Collection Tools

“What do the Data Say?” Activity Instrument: The activity instrument, pre-
pared at the undergraduate level, includes the topic of earthquakes. In the
introduction section of the instrument organized under the title of “What do
the data say?”, information was given about earthquakes, one of the natural
disasters that take place on Earth. The text includes information about earth-
quakes, how they occur, and how their magnitudes are measured. In other
parts of the activity, data are provided on the earthquakes that took place in
2020 in TUkiye and their immediate surroundings, magnitudes, and distribu-
tion according to the month, and questions are asked about this data. The da-
ta presented in the table and graph are obtained by Bogazig University,
Kandilli Observatory, and the Earthquake Research Institute Regional Earth-
quake-Tsunami Monitoring and Evaluation Center and is publicly available
(Kandilli Observatory, and the Earthquake Research Institute, 2021).

There are five stages in the activity. In phase I, the data were present-
ed in tables and there were 12 questions related to this data. In phase Il, the
data were presented as a graph and eight questions were formed to analyze
this data. The questions in phase Il were designed to analyze the data pre-
sented in tables and graphs in stages | and Il together. There were three ques-
tions in this stage. In phase 1V, the data were presented as a map, one of the
data visualization types. This map is the earthquake hazard map of TUrkiye
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for 2020, created by the Disaster and Emergency Management Presidency
[AFAD], (2021). An argument was put forward regarding this map, which
was supposedly shared on social media, and students were asked to answer
two questions about this argument. In the final phase of the study, pre-
service teachers were tasked with adopting the role of a journalist. Specifi-
cally, they were required to communicate the information derived from the
data regarding the earthquake to their readers. This was to be accomplished
by incorporating the tables, graphs, and maps provided in the earlier stages
along with informative text. The aforementioned phases aim to determine the
main competencies of the pre-service teachers in “recognizing the data,
comparing the data, and establishing a relationship between the data, using
the data, and data communication” and the sub-competencies given in the
table with questions created about the data (data presented in the form of ta-
bles, graphs, and maps). In the activity aimed at determining how pre-service
teachers perform in the aforementioned data literacy competencies, the com-
petencies to be measured and the questions related to them are given in Ta-
ble 1.

The activity, which was prepared by the researchers, was presented
for the opinion of three academicians who are experts in the fields of math-
ematics, Turkish, and science education. The content of the text and the
scope of the questions were re-evaluated and readied for a preliminary study.
In the preliminary study, the activity was applied to three pre-service teach-
ers, rearranged with the feedback of the students, and finalized. The main
application’s data were gathered once, and the activity’s implementation
took about 90 minutes.

Data Analysis

Scoring the Answers of the Competencies of Recognizing
the Data, Comparing the Data, and Establishing Relation-
ships between the Data

In the analysis of the questions designed to assess competencies related to
data recognition, data comparison, and data relationship establishment (ques-
tions in phases I, 11, I11, and 1V), responses were scored on a scale of 0 to 3.
The scores and criteria for evaluating the questions are given in Table 2.
After all of the questions had been scored, the data was re-evaluated
by a different researcher to ensure consistency, and the intraclass correlation
coefficient was used to determine the degree of agreement between the as-
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Table 1. The Competencies Assessed by the Activity and the Corresponding

Questions.

Competencies to be measured by the activity
Recognizing data a) Recognize data presented in tabular form (Phase I: Questions 1, 2, 3)

b) Recognizing graphically presented data (Phase II: Questions 1, 2, 3)

Comparing data and establishing a) Comparing the data presented in tabular form and establishing a rela-
relationships between data tionship between the data (Phase I: Questions 4, 5, 6, 7, 8, 9, 10, 11)

b) Comparing data presented graphically and establishing a relationship
between data (Phase II: Questions 4, 5, 6, 7)

c) Comparing data presented in different formats (Phase II: Question 8)
Using data a) Generating data-based claim (Phase Ill: Question 1)

b) Evaluate the claim generated based on data (Phase |: Question 12;
Phase Ill: Question 2)

c) ldentify data associated with the claim (Phase IlI: Question 3)

d) Generating arguments based on data (Phase IV: Question 2)
e) Evaluate the argument generated based on the data (Phase IV: Ques-
tion 1)

Data communication a) When creating the text, provide all relevant or requested data (Phase
V: Question 1)
b) Specify the data source when creating the text (Phase V: Question 1)
¢) Include relationships/comparisons between data when creating text
(Phase V: Question 1)
d) To be able to express what the data says when creating the text (to be
able to identify the area of inference) (Phase V: Question 1)
e) Creating a data-driven argument while creating the text (Phase V:
Question 1)
f) Distinguish between data and opinions when creating the text (Phase V:
Question 1)
g) Organization of knowledge (Phase V: Question 1)

Table 2. Evaluation Criteria and Scoring for Answers.

Criteria Scoring
Incorrect Unacceptable 0
(All explanations are incorrect, unacceptable, or without an answer.)
Partially incorrect (er- Partially acceptable 1

rors are in the majority)  However, the majority of responses contain errors (The explanations
contain accurate and acceptable parts, but they also contain incomplete

parts).
Partially correct (rights Partially acceptable 2
are in the majority) However, there are deficiencies (The explanations are accurate and ac-

ceptable, but they have deficiencies).
Correct Acceptable 3

(All explanations are true and acceptable.)
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Table 3. Intraclass Correlation Coefficients between Raters for Competencies

and Total Data Literacy.

Competencies Assessors  n X SS Ixy
o 1 61 11.28 3.19 0.941
Recognizing data
2 61 11.31 3.06
) 1 61 6.84 2.89 0.930
Using data
2 61 6.31 2.67
) o ) ) 1 61 19.70 476  0.921
Comparing data and establishing relationships between data
2 61 19.59 4.95
L 1 61 8.13 4.95 0.898
Data communication
2 61 4.51 3.25
. 1 61 4598 10.81 0.935
Total data literacy
2 61 41.72 9.38

Table 4. Level Scores According to Data Literacy and Sub-Competencies.

Max. Min. Partially inad- Partially

Competencies points points Inadequate equate adequate Adequate
Recognizing . . . 13.50-
Reca 18.00 0.00 0.00-449  4.50-8.99 9.00-13.49 13s0
Using Data 18.00 0.00 0.00-449  4.50-8.99 9.00-13.49 oo
Comparing Data

and Establishing 29.25-
A atonahine 39.00 0.00 0.00-974  9.75-19.49 19502024 232
between Data

Data 15.75-
Data o 21.00 0.00 0.00-5.24  5.25-10.49 0501574 227
Total Data Literacy ~ 96.00 0.00 0.00-23.99  24.00-47.99 48007199 [200-

sessors (see Table 3). Consensus was achieved among the assessors’ regard-
ing the scores they assigned.

Scoring the Answers for Data Communication Compe-
tency

The data of the answers in phase V within the scope of data communication
competency of the pre-service teachers participating in the research were
evaluated using an analytical rubric. The rubric used was developed by de-
termining the issues to be considered when sharing data and creating an in-
formative text based on the data by examining the literature on data commu-
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nication. The rubric consists of seven criteria and four grades. The lowest
score that can be obtained from the rubric is O while the highest is 21. Data
communication competency was assessed according to the total score ob-
tained from the rubric. The rubric was examined by three academicians
working in the fields of science, Turkish, and mathematics education. After
the necessary edits and corrections were made, the rubric was used for data
analysis.

Reliability

To ensure reliability during the scoring of the rubric, two different raters
scored the answers, and agreement between them was calculated using the
intraclass correlation coefficient. This statistic was preferred because it al-
lows determining the interrater reliability coefficient based on both compe-
tencies and the total score (Kutlu et al., 2010). A common opinion of the
raters was obtained on the different scores given by them. The intraclass cor-
relation coefficients demonstrating alignment between raters regarding com-
petencies and total data literacy are presented in Table 3.

According to Table 3, the interrater reliability coefficients are
above .89 for competencies and total data literacy. This value shows that the
agreement between the assessors and the reliability of the results are high
(Howell, 1997; Kutlu et al., 2010; Sencan, 2005).

Analyzing Data Related to Data Literacy Competencies

In the study, the total scores for each of the competencies measured under
the scope of data literacy, as well as the ‘total data literacy’ score derived
from the sum of these competency scores, were analyzed. As the scores did
not show normal distribution for all three sections and the group sizes were
less than 30, non-parametric statistics were used to analyze the data
(Blytk&xtirk, 2012; Evrekli et al., 2011). As the number of groups was 3,
the Kruskal-Wallis H test for unrelated measurements was applied.

To better understand pre-service teachers’ data literacy status, each
data literacy competency score and the total data literacy score were divided
into four equivalent score intervals. Since the rubrics were structured in four
grades, four score ranges were determined (Ozgakir-Siimen & Calisici,
2019). The level for each score range is defined. Thus, pre-service teachers
were divided into level groups according to the scores they obtained from the
relevant competency. The findings are presented in graphs. Table 4 shows
the maximum and minimum scores that can be obtained from data literacy,
competencies, and the level groups according to the scores.

The level groups in Table 4 are determined as inadequate, partly in-
adequate, partly adequate, and adequate. Inadequate refers to either com-
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pletely or substantially incorrect answers to questions about data literacy;
partially inadequate refers to answering questions about data literacy in such
a way that errors are in the majority; partially adequate refers to answering
questions about data literacy in such a way that corrects are in the majority;
adequate level refers to answering questions about data literacy either com-
pletely or largely correctly.

Research Ethics

Participants were informed about the purpose of the research and their rights
in the research. They were also notified that they had the freedom to with-
draw from the study at any point, without providing a reason, and without
facing any difficulties. The data were securely stored, analyzed with strict
confidentiality, and reported anonymously. Furthermore, in accordance with
ethical regulations, approval for this study was obtained from the Human
Research Ethics Committee of the university to which the authors are affili-
ated.

Results

This section presents descriptive and inferential statistical findings. The re-
sults of the descriptive analysis of data literacy of pre-service teachers ac-
cording to departments are given in Table 5.

According to Table 5, the averages of the total data literacy scores of
PST (X = 47.86) and PMT (X = 48.47) are similar to each other. The mean
score of data literacy for PTLT (X = 39.55) is lower than other departments.
Descriptive analysis results for data literacy competencies are presented in
Table 6.

According to Table 6, the mean scores of PST and PMT are similar
to each other in the competencies of recognizing and using data among the
data literacy competencies of pre-service teachers. The average scores of
PTLT’s competencies for recognizing the data, comparing the data, and es-
tablishing relationships between the data are low compared to the other de-
partments. Conversely, the average score of PTLT’s competence in using the
data is higher than the other departments. In data communication competen-
cy, the averages of PST, PMT, and PTLT differ slightly from each other.

The Kruskal-Wallis H test results for pre-service teachers’ total data
literacy and data literacy competencies by departments are presented in Ta-
ble 7.

As per Table 7, the scores of pre-service teachers on data recognition
competency differ significantly according to the departments (x> [SD = 2, n
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Table 5. Descriptive Analysis Results for Total Data Literacy Scores of Pre-

Service Teachers by Departments.

Departments n Max. Min. X ss
PST 22 62 24 47.86 9.30
PMT 19 71 22 48.47 12.06
PTLT 20 53 17 39.55 9.58

Table 6. Descriptive Analysis Results of Pre-Service Teachers' Data Literacy

Competency Scores by Departments.

Data Literacy Competencies Departments N Max. Min. X Ss
Recognizing data PST 22 18 7 12.27 251
PMT 19 18 7 12.79 3.03
PTLT 20 13 1 8.00 3.08
Total 61 18 1 11.03 3.54
Comparing data and establishing relationships between  PST 22 31 13 2227 4.30
data PMT 19 27 14  21.16 3.99
PTLT 20 25 6 16.85 4.88
Total 61 31 6 20.15 4.94
Using data PST 22 14 2 6.32 2.34
PMT 19 11 0 6.47 2.99
PTLT 20 12 0 7.20 2.93
Total 61 14 0 6.66 2.73
Data communication PST 22 14 0 7.00 5.18
PMT 19 18 1 8.05 4.92
PTLT 20 16 0 7.50 4.65
Total 61 18 0 7.49 4.87

Table 7. Kruskal-Wallis H Test Results of Data Literacy Competencies and

Total Data Literacy by Departments.

Row
Competencies Departments n average sd X2 p Difference
Recognizing data PST 22 37.09 2 16.90 0.000* PST-PTLT,
PMT 19 39.68 PMT-PTLT
PTLT 20 16.05
Comparing data and PST 22 38.05 2 8.50 0.002*  PST-PTLT,
establishing relationships PMT 19 34.74 PMT-PTLT
between data PTLT 20 19.70
Using data PST 22 27.73 2 1.56 0.368
PMT 19 30.24
PTLT 20 35.33
Data communication PST 22 28.84 2 1.19 0.716
PMT 19 33.37
PTLT 20 31.13
Total data literacy PST 22 35.48 2 4.39 0.016*  PST-PTLT,
PMT 19 35.66 PMT-PTLT
PTLT 20 21.65
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= 61] = 16.90, p < 0.05). When the order averages are taken into considera-
tion, the scores of PMT for the competency of recognizing the data are the
highest among the departments, followed by PST and PTLT. The competen-
cy scores of PMT and PST in recognizing the data did not significantly differ,
but there was a significant difference between the scores of pre-service
teachers in these two departments and those obtained by PTLT. When the
scores of pre-service teachers on the competency of comparing data and es-
tablishing relationships between data are compared, a significant difference
according to the departments is observed (x* [SD = 2, n = 61] = 8.50, p <
0.05). Considering the order of averages, PST obtains the highest score in
the competency of comparing and establishing relationships between data,
followed by PMT and then PTLT. While there was no significant difference
between the scores obtained by PMT and PST from the competency of com-
paring the data and establishing a relationship between the data, the differ-
ence between the scores received by the pre-service teachers of these two
departments and those obtained by PTLT was significant. The scores of pre-
service teachers in data use and data communication competencies did not
significantly differ among the departments.

The results of the analysis show that the total data literacy scores of
pre-service teachers differ significantly by departments (XZ [SD =2, n =61]
= 4.39, p < 0.05). When the order averages are taken into consideration, the
total data literacy scores of PMT are the highest among the departments, fol-
lowed by PST and then PTLT. While there was no significant difference be-
tween the data literacy scores of PMT and PST, the difference between the
scores of the pre-service teachers of these two departments and those of
PTLT was significant.

Level Groups Determined According to the Scores of
Pre-Service Teachers from the Data Literacy Compe-
tencies and Total Data Literacy

Level Groups for the Competency of Recognizing Data

The results pertaining to the level groups established based on pre-service
teachers’ scores in data recognition competency are presented in Figure 1.
According to Figure 1, 3.3% (n = 2) of the pre-service teachers were
at the “inadequate” level in terms of data recognition competency and both
these pre-service teachers were PTLT. Meanwhile, 19.7% of the pre-service
teachers were at the “partially inadequate” level. Of these pre-service teach-
ers, 1.6% (n = 1) were PST, 3.3% (n = 2) were PMT, and 14.8% (n = 9) were
PTLT. Furthermore, 49.2% (n = 30) of the pre-service teachers are at the
“partially adequate” level. Of these pre-service teachers, 19.7% (n = 12)
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Figure 1. The Levels of Pre-Service Teachers According to the Competency

Score of Recognizing Data by Departments
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Figure 2. The Levels of Pre-Service Teachers According to the Competency
Score of Comparing Data and Establishing Relationships between Data by

Departments.
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were PST, 14.8% (n = 9) were PMT, and 14.8% (n = 9) were PTLT. Finally,
27.9% (n = 17) of the pre-service teachers were at the “adequate” level. Of
the pre-service teachers at this level, 14.8% (n = 9) were PST and 13.1% (n
= 8) were PMT. There is no PTLT at this level.

Level Groups for the Competency of Comparing Data
and Establishing Relationships between Data

The findings regarding the level groups determined according to the scores
of the pre-service teachers in the competency of comparing data and estab-
lishing relationships between data are given in Figure 2.

According to Figure 2, 1.6% (n = 1) of the pre-service teachers were
at the “inadequate” level in terms of the competency of comparing data and
establishing relationships between data, and they are PTLT. In addition, 45.9%
(n = 28) of the pre-service teachers were at the “partially inadequate” level.
Of these pre-service teachers, 9.8% (n = 6) were PST, 13.1% (n = 8) were
PMT, and 23% (n = 14) were PTLT. Further, 49.2% (n = 30) of the pre-
service teachers are at the “partially adequate” level. Of these pre-service
teachers, 23% (n = 14) were PST, 18% (n = 11) were PMT, and 8.2% (n = 5)
were PTLT. Finally, 3.3% (n = 2) of the pre-service teachers were at the
“adequate” level. Both the pre-service teachers at the proficient level were
PST. There was no pre-service teacher at this level from the other depart-
ments.

Level Groups for the Competency of Using Data

The findings regarding the level groups determined according to the scores
of the pre-service teachers on the competency of using data are given in Fig-
ure 3.

As per Figure 3, 19.7% (n = 12) of the pre-service teachers were at
the “inadequate” level in terms of competence in using data. Of these pre-
service teachers, 6.6% (n = 4) were PST, 8.2% (n = 5) were PMT, and 4.9%
(n = 3) were PTLT. Meanwhile, 55.7% (n = 34) of the pre-service teachers
were at the “partially inadequate” level. Of these pre-service teachers, 26.2%
(n = 16) were PST, 13.1% (n = 8) were PMT, and 16.4% (n = 10) were
PTLT. Further, 23% (n = 14) of the pre-service teachers were at the “partial-
ly adequate” level. Of these pre-service teachers, 1.6% (n = 1) were PST, 9.8%
(n = 6) were PMT, and 11.5% (n = 7) were PTLT. Finally, 1.6% (n = 1) of
the pre-service teachers were at the “adequate” level. The pre-service teacher
at the proficient level was PST. There was no pre-service teacher at this level
from the other departments.
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Figure 3. The Levels of Pre-Service Teachers According to the Competency
Score of Using Data by Departments.
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Figure 4. The Levels of Pre-Service Teachers According to Their Data
Communication Competency Scores by Departments.
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Figure 5. Pre-Service Teachers' Levels Determined According to Their Total
Data Literacy Scores.

Level Groups for Data Communication Competency

The findings regarding the level groups determined according to the scores
of pre-service teachers on data communication competency are given in Fig-
ure 4.

According to Figure 4, 32.8% (n = 20) of the pre-service teachers
were at the “inadequate” level in terms of data communication competency.
Of these pre-service teachers, 9.8% (n = 6) were PST, 9.8% (n = 6) were
PMT, and 13.1% (n = 8) were PTLT. Meanwhile, 41% (n = 25) of the pre-
service teachers are at the “partially inadequate” level. Of these pre-service
teachers, 14.8% (n = 9) were PST, 14.8% (n =9) were PMT, and 11.5% (n =
7) were PTLT. Further, 23% (n = 14) of the pre-service teachers were at the
“partially adequate” level. Of these pre-service teachers, 11.5% (n = 7) were
PST, 4.9% (n = 3) were PMT, and 6.6% (n = 4) were PTLT. Finally, 3.3% (n
= 2) of the pre-service teachers were at the “adequate” level. Of the pre-
service teachers at this level, 1.6% (n = 1) were PMT and 1.6% (n = 1) were
PTLT. There were no pre-service teachers at this level in PST.

Level Groups for Total Data Literacy

The findings regarding the level groups determined according to the total

data literacy scores of pre-service teachers are given in Figure 5.
According to Figure 5, 3.3% (n = 2) of the teachers were “inade-
quate,” 50.8% (n = 31) were “partially inadequate,” and 45.9% (n = 28) were
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“partially adequate” in terms of general data literacy. There was no pre-
service teacher who could be evaluated at the “adequate” level. While there
was no PST with “inadequate” data literacy level, there was one (1.6%) pre-
service teacher in PMT and one in PTLT. Of the teacher candidates whose
data literacy level was “partially inadequate,” 16.4% (n = 10) were PST, 11.5%
(n=7) were PMT, and 23% (n = 14) were PTLT; and 19.7% (n = 12) of the
pre-service teachers at the “partially adequate” level were PST, 18% (n = 11)
were PMT, and 8.2% (n = 5) were PTLT.

Discussion and Conclusion

In this study, the status of PST, PMT, and PTLT in terms of total data litera-
cy with some data literacy competencies (assessed by the sum of the scores
obtained from these competencies) were determined. The scores obtained by
the pre-service teachers in the competencies of recognizing, comparing, and
establishing a relationship between the data among the data literacy compe-
tencies included in the study significantly varied across departments. This
difference was observed between PMT and PTLT (in favor of PMT) and
PST and PTLT (in favor of PST) but not between PMT and PST. In terms of
using data and data communication competencies, the scores received by the
pre-service teachers did not significantly differ according to the departments
(Table 7). The results of the study show that the total data literacy scores of
pre-service teachers significantly differ according to the departments. Ac-
cordingly, when PMT and PST were compared in terms of total data literacy
score, the average score of PMT was higher but the difference between them
was not significant, PTLT had the lowest average score, and a significant
difference existed between the scores of PMT and PST and those of PTLT
(see Table 5 and Table 7).

In light of the findings above, it can be inferred that the differences
between PTLT, PST, and PMT in favor of the latter two are due to these de-
partments being reinforced with data (e.g., laboratory courses for PST and
basic mathematics for PMT), surveys and measurement results (e.g., Re-
search Methods in Education), and graphics or tables (e.g., Chemistry | and
Physics | for PST; Analysis | and Statistics for PMT). This suggests that
PTLT remains behind PST and PMT in offering data-rich learning environ-
ments where the students’ data literacy can be improved, albeit to a limited
extent. In other words, there are differences in the nature of the subjects that
pre-service teachers study and learn. It can be said that PST and PMT are
more interested in data due to the experimental and mathematical nature of
their subjects (Merk et al., 2020, Zeuch et al., 2017).

To better understand the data literacy status of pre-service teachers,
their competency scores were also analyzed from a different perspective, in
which level groups were identified. The findings regarding the level groups
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showed that more than half the pre-service teachers were partially inadequate
(50.8%) or inadequate (3.3%) in terms of total data literacy; the rest were
partially adequate (45.9%), and there was no pre-service teacher who could
be considered adequate. The findings indicate that PTLT has the lowest level
of data literacy in terms of the determined levels among the departments.
When evaluated in terms of data literacy competencies, the majority of pre-
service teachers are partially adequate (49.2%) or adequate (27.9%) in data
recognition competency. The levels of PST and PMT are close to each other,
and the lowest level is seen in PTLT. In terms of the competency of compar-
ing data and establishing relationships between data, approximately half of
the pre-service teachers were partially adequate (49.2%) or adequate (3.0%);
while the other half was approximately partially inadequate (45.9%) or inad-
equate (1.6%). In this competency, the proficiency level of PST is higher,
followed by PMT, and the level of the PTLT is remarkably low. This is also
seen in results of the Kruskal-Wallis H test, which indicate that the scores
obtained from the competency of comparing data and establishing relation-
ships between data differ significantly among the departments and that this
differentiation is between PST-PTLT and PMT-PTLT. In terms of compe-
tency in using data, the majority of pre-service teachers were partially inade-
quate (55.7%) or inadequate (19.7%). In this competency, the proficiency
levels of PTLT and PMT are similar and significantly higher than PST.
However, the Kruskal-Wallis H test result of the scores obtained from the
competency of using data showed no significant difference according to the
departments. However, the assessment of the level of competency shows that
the vast majority of PST is partially inadequate or inadequate. In terms of
data communication competency, the majority of pre-service teachers are
partially inadequate (41.0%) or inadequate (32.8%). The findings suggest
that pre-service teachers of all three departments are at a similar level in
terms of data communication competency.

When the findings are evaluated in general, the majority of pre-
service teachers are partially adequate or adequate in terms of data recogni-
tion competency; approximately half of them are partially adequate or ade-
quate in terms of comparing data and establishing relationships between data;
and the majority are partially inadequate or inadequate in terms of using data
and data communication. In terms of total data literacy, more than half of the
pre-service teachers are partially inadequate or inadequate. Descriptive sta-
tistical results also show that the average of the total data literacy scores re-
ceived by the pre-service teachers corresponds to about half or less of the
highest score that can be obtained. Therefore, the findings reveal that pre-
service teachers have deficiencies in data literacy, indicating that the contri-
butions of pre-service teachers’ past learning experiences in their acquisition
and development of data literacy competencies are quite limited. The Teach-
er Education Ministerial Advisory Group report prepared in 2014 also sup-
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ports this conclusion. The report draws attention to the lack of teacher candi-
dates in higher education that possess the knowledge and skills to use data to
inform and improve their teaching practices and recommends that teacher
candidates be equipped with the skills to collect and analyze data to assess
students’ learning needs and guide the learning process (Craven et al. 2014).

It is conceivable that the data literacy deficiencies identified among
pre-service teachers, as highlighted by the aforementioned findings, could
have an impact on classroom instruction. Shreiner and Dykes (2021) con-
cluded in their study that the majority of social studies teachers who partici-
pated in their study did not include data literacy practices in their lessons.
Some studies also point out that teachers have difficulties in using and inter-
preting data (Cowie & Cooper, 2016; Gelderblom et al, 2016; Zapata-Rivera
et al., 2016). Teachers are expected to use data for teaching purposes in their
decision-making processes and when designing their lessons. However, it is
stated in the literature that especially pre-service teachers have deficiencies
in data literacy (DelLuca & Bellara, 2013; Piro & Hutchinson, 2014). For ex-
ample, Dunlap and Piro (2016) stated that all of the participants (pre-service
teachers) who examined the sample data sets they obtained about schools
expressed discomfort in understanding the data, and they expressed this as “I
knew nothing about data or what it was”, “I didn’t know what constituted
data. I also didn’t know you could read data.”, and “l had no ideas about
what the numbers meant or really that | needed to be concerned [with the
data].” In the literature, some studies address data used in different contexts.
McDowall et al. (2021) examined pre-service teachers’ uses of data to in-
form and evaluate their teaching practice and found that while some pre-
service teachers demonstrated many of the skills related to data use, others
needed support. Although the context for assessing data literacy in this study
(data from a natural phenomenon) is different from the context of the studies
mentioned above (student data), similar results are pointed to.

Data literacy, which is considered a 21st-century skill, is seen as an
important skill that individuals require for success, especially in the current
competitive business environment (Valencia, 2021). For this reason, studies
and incentives for the development of data literacy within the framework of
formal education have increased in recent years (Wolff et al., 2019). Teach-
ers have a key role in improving students’ data literacy in schools. Therefore,
first of all, teachers are expected to be data literate. Nevertheless, the find-
ings from this study indicate that the participating pre-service teachers exhib-
it deficiencies in certain data literacy competencies. In line with these find-
ings, teacher candidates need learning experiences that will support data lit-
eracy. The findings of the study support the calls in the literature to improve
data literacy in pre-service teacher education (Mandinach & Gummer, 2013;
Miller-Bains et al., 2022; Reeves, 2017; Reeves & Honig, 2015). This is be-
cause it may be later for teachers to learn data literacy competencies while
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on the job than when they are still pre-service teachers (Mandinach &
Jimerson, 2016). Learning environments to support more data literacy should
be offered in teacher education such that pre-service teachers can use data
when making and communicating decisions about their teaching processes
when they begin in their profession (Mandinach & Gummer, 2013) and sup-

port their students in being data literate.
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