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Digital learning platforms (DLP) provide various types of information about
student learning when used for learning and practice. This learning data
holds potential for individualized instruction, which has become increasingly
necessary for adequately addressing learners’ individual needs. For primary
schools in particular, this is important for developing inclusive schools.
However, despite the potential of DLP and the learning data that can be
obtained from them, they are rarely used by teachers. Furthermore, little is
known about factors that lead teachers to use learning data for instruction
and individual support. To address this research gap, we conducted an online
cross-sectional survey study of N = 272 primary school teachers in Germany.
After describing the respondents’ current and previous usage of learning data
from DLP, we used structural equation modeling (SEM) to test the influence of
predictors on respondents’ intention to use as well as their usage of learning
data from DLP. Finally, we discuss the need for increased usage of learning
data in teacher education and training, contributing to ongoing debates about
the usage of digital learning data in educational research and practice.

Data-Based Decision Making, digital learning platforms, individualization, Learning
Analytics, primary school teacher, structural equation modeling, Theory of Planned
Behavior

Introduction

Today, teachers face a variety of challenges in their daily school life, including an
increased number of administrative tasks, a heterogeneous student population, and the
digitization of schools (Schmid et al., 2017; Tondeur et al., 2018). Overcoming these
challenges can be exhausting, but also holds potential for the further development
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of
different challenges can provide additional opportunities for

schools and teaching. More precisely, combining
development. For example, digital learning platforms (DLP) can
support the development of individual learning requirements
in the context of inclusive education. This is especially relevant
for primary schools due to their high heterogeneity (Schwab
et al,, 2017). The usage of DLP contributes to the ability of
all learners to participate in the classroom (Vanbecelaere
et al,, 2020; Schaumburg, 2021). Regarding the support of
learners, DLP hold an added value of particular importance: the
availability of learning data. Using this learning data, teachers
can track and reflect on individual learning processes and
implement appropriate learning support (FitzGerald et al,
2018). To date, such data usage is found primarily in research
on Data-Based Decision Making (DBDM) and Learning
Analytics (e.g., Mandinach and Schildkamp, 2020; Blumenthal
et al, 2021; Krein and Schiefner-Rohs, 2021). Although the
benefits of using (digital) learning data have been highlighted in
previous research, the factors that promote or hinder primary
school teachers’ usage of learning data from DLP, especially
in Germany, remain mostly unconsidered. Therefore, based
on the Theory of Planned Behavior (TPB) (Ajzen, 1991) and
in consideration of further potentially influential factors, we
conducted a cross-sectional survey study among German
primary school teachers to investigate the antecedents of their
intention to use and usage of learning data from DLP.

First, we consider digital media which collect learning data
for the teacher, DLP, and their potential for individualized
practice. We then address the usage of learning data in the
context of instructional design. These two topics provide the
contextual basis for the study to examine the intention to use
and usage of learning data from DLP. Second, the introduction
of the TPB will allow us to predict the intention to use as
well as the usage of learning data from DLP based on an
established model.

Digital learning platforms for
individualized practice

According to Bohme et al. (2020), the aims of using
digital media in schools are, on the one hand, the promotion
of a critical use of digital media and, on the other hand,
the support of learning. Especially in highly heterogeneous
inclusive school settings, there is a great potential of digital
media, as digital media have the potential to increase the
participation of all students in the classroom (Vanbecelaere et al.,
20205 Schaumburg, 2021). In this context, digital media can
support teachers with diagnostic information and thus foster
individualized learning offers (Schaumburg, 2021).

There are several types of digital media that can improve
student learning, such as intelligent tutorial systems, drill-
and-practice programs, or learning management systems
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(Nattland and Kerres, 2009; Petko, 2014). in the
context of this study, we did not study a specific type of digital
media. Reinhold et al. (2020, p. 1) emphasize “that it is not the
mere medium that does have an effect on learning outcomes,

However,

but rather the appropriate way of implementing it into the
classroom as well as certain features that technology enhanced
learning environments can offer.” Therefore, the focus is on
digital media that are used for individualized practice. To specify
these, the term DLP is used comprehensively. As examples for
DLP Anton or Bettermarks can be mentioned (Holmes et al.,
2018; Schaumburg, 2021). Here, DLP contain the following
characteristics: First, DLP include practice exercises that
students can work on (Greller et al., 2014; Daniela and Rudolfa,
2019). During the assignment, DLP analyze the students’ input
and provide them with direct, formative feedback (Daniela
and Rudolfa, 2019; Hillmayr et al., 2020). At the same time,
student results (as an example for learning data) are stored
and displayed on a teacher-dashboard within the DLP (Greller
and Drachsler, 2012; Greller et al., 2014). Furthermore, DLP
create interaction with students and teachers as well as between
them (Faustmann et al., 2019; Hillmayr et al., 2020). In the best
case, DLP include the possibility of adaptive adjustments by
the system itself or the teacher (Daniela and Rudolfa, 2019).
In particular, by using learning data provided by DLP, teachers
have the opportunity to provide individualized instruction to
their students. The usage of learning data for instructional
design—with both digital and analog data—has already been
addressed in several research fields, which are presented in the
following chapter.

Usage of learning data for instructional
design

Under the term of DBDM—which refers to “the systematic
collection and analysis of different kinds of data to inform
educational decisions” (Mandinach and Schildkamp, 2020,
p. 1)—learning data in teaching and learning processes
became a major focus of research. Among others, DBDM
can help teachers determine instructional steps that meet
learners’ diverse needs (Mandinach and Gummer, 2016; Prenger
and Schildkamp, 2018; Peters et al., 2021). Because DBDM
focuses on every child, not just children with identified
special educational needs, it is consistent with the idea of
an inclusive school environment (Mandinach and Gummer,
2013; Knickenberg et al., 2020). DBDM assumes that teachers
collect a variety of data (i.e., quantitative, qualitative; analog,
digital) in their daily practice. However, as a large amount
of data is available, especially in the age of digitalization,
teachers should consider which data they want to use and
for what purpose (Schildkamp, 2019). Since the usage of DLP
should be embedded in a pedagogical concept, the usage
of learning data and the resulting decision making evokes
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pedagogical actions (Molenaar and Knoop-van Campen, 2017;
Kerres, 2018). Therefore, on the one hand, teachers need
pedagogical knowledge, perceptions, and an openness to the
fact that pedagogy changes with the integration of digital media
and learning data. A positive attitude toward the usage of
learning data is considered essential (Blumenthal et al., 2021).
On the other hand, teachers need data literacy to analyze and
appropriately interpret learning data and to set and implement
learning goals (Schildkamp and Kuiper, 2010; Mandinach and
Gummer, 2016; Molenaar and Knoop-van Campen, 2017; Krein
and Schiefner-Rohs, 2021).

In recent years, the research field of Learning Analytics
evolved. This can be seen as a further development of research
on DBDM. Here, the usage of learning data is considered
only in a digital context. Learning Analytics help teachers and
learners to individualize learning processes based on digital
learning data (Krein and Schiefner-Rohs, 2021). The idea of
Learning Analytics grew due to the large amount of learning
data collected with the help of digital technologies (Greller
et al., 2014). Learning Analytics deal with digitally generated
data that is analyzed and presented in real time (Ifenthaler and
Drachsler, 2020). Learning Analytics and DBDM pursue the
same goal: Both concepts aim to support teachers in making
pedagogical decisions based on learning data and not only on
experience and intuition, for example, to enable individualized
learning processes (Schildkamp and Kuiper, 2010; Greller et al.,
2014). Digital learning data, as collected by DLP, include,
for example, how long students practiced with the DLP, how
many tasks they worked on, and whether they solved the tasks
correctly or incorrectly.

Despite the potential of learning data for instructional
design, it is, yet, not being used to a great extent for decision
making among teachers (Schildkamp and Kuiper, 2010; Kippers
et al., 2018). Especially in Germany, few teachers and schools
have practiced DBDM to date. However, in other countries such
as the United States and the Netherlands, DBDM is already
being implemented more frequently (Blumenthal et al., 2021;

Attitude toward
the behavior

Subjective norm

Perceived
behavioral control

FIGURE 1
The Theory of Planned Behavior [oriented to Ajzen (1991, p. 182)].
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Schaumburg, 2021). Studies of DBDM have found positive
effects for students and teachers in primary schools. For
example, Keuning et al. (2019) showed that teachers’ data
usage had a positive impact on student achievement in
mathematics and spelling. Anderson et al. (2020) found that
progress monitoring—which is also a DBDM concept to identify
learning problems—can help students acquire reading skills
and help teachers to address student heterogeneity. Further,
Souvignier et al. (2021) reported that student achievement in
reading and mathematics improved after a progress monitoring
intervention. Peters et al. (2021) identified the potential of
DBDM for teachers dealing with particularly low-performing
students. Molenaar and Knoop-van Campen (2018) observed
teachers’ usage of learning data from DLP and found that
Dutch teachers referred to the learning data multiple times
during their instruction and that the data influenced their
pedagogical actions. Although some studies have addressed
DBDM and Learning Analytics in school contexts, there is
still a need for further research. The usage of learning data
retrieved especially from DLP and the intention to use the
learning data for individualized instruction has not been
covered empirically. Therefore, a need for research is indicated
(Molenaar and Knoop-van Campen, 2017; Blumenthal et al.,
2021; Schaumburg, 2021).

Explaining teachers’ behavioral
intention and usage of learning data

In order to better understand why primary school teachers
use data from DLP (or not), further studies are needed.
To gain insights into the factors which are associated to
teachers’ intention to use and their usage of learning data
from DLP, we refer to the TPB (Figure 1; Ajzen, 1991)
as a theoretical framework. Also, teacher-specific factors are
considered additionally. Since this research focuses on the
usage of learning data from DLP and not on the usage
of the DLP as a technology, the TPB is preferred over

Intention Behavior
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models that address acceptance of technology, such as UTAUT
(Venkatesh et al., 2003).

The TPB was developed as an extension of the Theory
of Reasoned Action (Fishbein and Ajzen, 1975) and aims
to explain and predict human behavior in various situations
(Ajzen, 1991). Fundamental to the explanation of behavior
is that actual behavior is predicted by intended behavior.
A high behavioral intention increases the probability for actual
behavior. In some instances, there is a gap between intention and
behavior. Accordingly, though a person might have a specific
intention, the behavior is not always performed (Sheeran, 2002).
The TPB attempts to explain this intention-behavior-gap by
considering the factors that influence intention as well as by
examining the relationship between the intention and the actual
behavior (Sheeran, 2002). According to the TPB, an intention
is predicted by attitudes toward the behavior, subjective norms,
and perceived behavioral control (Ajzen, 1991). Attitude refers
to a person’s positive or negative feelings toward a behavior. The
subjective norm includes the expectations a person has about
the reactions of others. Finally, perceived behavioral control
contains the estimation of the person’s skills, competencies, and
resources to perform the behavior (Nistor, 2020).

In educational research, TPB has proven to be a useful
instrument to explain teachers’ intentions and actual behavior.
TPB has been used in (primary) teaching studies on inclusive
education and individualized student support (Hellmich et al.,
2019; Knauder and Koschmieder, 2019), DBDM (Pierce
et al., 2013; Prenger and Schildkamp, 2018), and technology
acceptance (Teo and Tan, 2012). In a cross-sectional survey
study on N = 290 German primary school teachers, Hellmich
et al. (2019) identified the school principal’s expectations as
indicators of subjective norms as the largest factor influencing
teachers’ intentions to implement inclusive education. Positive
attitudes toward inclusion and teachers’ self-efficacy beliefs
about organizing inclusive education were also, but were
found to be less important. Knauder and Koschmieder (2019)
applied the TPB to investigate teachers’ intrinsic and extrinsic
motivational intentions to support students individually as
well as to predict teachers’ individualized support and lesson
design in a cross-sectional survey study involving N = 488
Austrian primary school teachers. For the intrinsic motivational
intention, they found a strong association between attitude
and individualized support, but no significant influence of
subjective norms and perceived behavioral control (Knauder
and Koschmieder, 2019). This was different for extrinsic
motivational intention. Here, school as a factor of subjective
norms had a significant influence on the intention to support
students, whereas attitude and perceived behavioral control did
not predict their extrinsic motivational intention to support
students individually (Knauder and Koschmieder, 2019). For
the context of DBDM, the TPB model was also able to
explain teachers’ intention to use data from different sources
to inform their teaching. Also, in a cross-sectional survey
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study of approximately 1,000 Australian teachers, Pierce et al.
(2013) used the TPB model to gain insights into teachers’
perceptions of factors influencing their intention to use data
from national testing in their lesson planning, confirming the
usefulness of the TPB model in explaining teachers’ intention
to use data. Prenger and Schildkamp (2018) tested an extended
version of the TPB model (affective and instrumental attitude,
subjective norms, perceived behavioral control, self-efficacy,
collective efficacy) to explain teachers’ intentions as well as their
instructional data usage related to curriculum assessments. They
conducted a cross-sectional survey study with N = 131 primary
school teachers in the Netherlands. Perceived behavioral control
predicted instructional data usage, whereas, intention to use
data was significantly predicted only by affective attitude and
instrumental attitude (Prenger and Schildkamp, 2018). Teo
and Tan (2012) reported that TPB is a useful instrument for
explaining technology acceptance in educational contexts. In a
cross-sectional survey study of N = 293 Singapore pre-service
teachers, attitude toward technology were found to have the
greatest influence on intention to use technology. Perceived
behavioral control and subjective norms were also identified
but were found to be less important predictors (Teo and Tan,
2012). The abovementioned studies indicate the relevance of
the TPB model in educational research. To date, however, no
study has used TPB to examine teachers’ usage of learning data
received from digital media such as DLP in the context of
individualization.

Since "teaching is an activity where teachers enact their
conceptions about teaching and learning” (Yan et al, 2021,
p. 229), it might be useful to consider other factors besides
the TPB Model in order to gain more insight. The TPB model
includes only a few personal factors and these factors are
particularly related to the investigated behavior. However, a
systematic review demonstrated the relevance of other factors,
such as teaching beliefs, to the implementation of formative
assessment (Yan et al,, 2021). Accordingly, it can be assumed
that the didactic context in which learning data from DLP is
used should be considered. Learning data from DLP is related
to the usage of DLP, is embedded in practice, contains feedback,
is used for individualization, and is to be regarded overall in the
context of data-based instructional design. Other studies that
have examined the usage of media didactics in the classroom in
general hypothesized that didactical concepts have an influence
on the intention to use digital media in schools (Tappe, 2017;
Gellerstedt et al., 2018). This assumption is also adopted in the
present study and will be tested to predict teachers’ intention to
use learning data obtained from DLP.

Purpose and research questions

The theoretical overview above illustrated that digital
media, especially DLP, are suitable to address the challenges of
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heterogeneous groups of students and to support and encourage
learners individually. Learning data from DLP are of great
importance in this context. Research on DBDM and Learning
Analytics highlights the utility of learning data for instructional
design. However, the reasons why teachers intend to use, use
or do not use learning data from DLP have not yet been
investigated. Therefore, this study—with reference to the TPB—
seeks to answer the following research questions:

1. To what extent do primary school teachers in Germany use
learning data from DLP for individualization?

2. What predicts teachers’ intentions to use and the usage of
learning data from DLP?

Materials and methods

Study design

To gain insights into German primary school teachers
technology and data acceptance, we conducted an online cross-
sectional survey study using LimeSurvey from October to
December 2021. The study was developed from a psychological
and educational perspective as part of the Competencies for
Digitally-Enhanced Individualized Practice (CODIP) project. In
this article, we focus on clarifying teachers’ intentions to use and
their usage of learning data from DLP. An examination of the
acceptance of DLP itself will be provided in another publication.
Primary school teachers from the northern German federal
states Bremen, Hamburg, Mecklenburg-Western Pomerania,
Lower Saxony, and Schleswig Holstein were recruited by
sending emails to their schools. In addition, teachers were
reached via social media, and we also commissioned a market
research panel to recruit teachers. Participation in the online
survey took an average of 20 min.

The study was preregistered at Open Science Framework
before we accessed the research data.! Additionally, because the
study involved human subjects, it was reviewed and approved
by the Ethics Committee of the Leuphana University Lineburg.
Furthermore, the study was approved by the respective
education offices of each involved federal state.

Participants

To 2,684 schools in northern
Germany were contacted. The resulting total sample of
the study consisted of N =

who were predominantly female (86%). This distribution

find participants,
272 primary school teachers
corresponds to the findings obtained by the survey of

the Federal Statistical Office for the school year 2020/21
(Federal Statistical Office of Germany, 2022). Most participants

1 https://doi.org/10.17605/OSF.I0/PG6R4
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were between 40-49 and 50-59 years old (each 28%), 19% were
between 30-39 years, 13% were older than 60 years, and 12%
were younger than 30 years. The distribution is roughly in
line with the information from the Federal Statistical Office, in
which the 40-49-year age group is the largest, with the 30-39-
year age group second, followed by the 50-59-year age group
(Federal Statistical Office of Germany, 2022). Work experience
was also captured by time ranges. Most of the teachers had
11-20 years of work experience (28%), followed by 26% with
21-30 years of work experience, while 20% of the teachers
were career starters with up to 5 years of work experience. The
remaining teachers had 6-10 years (13%), 31-40 years (11%),
and more than 40 years (2%) of work experience.

Survey instrument

The online survey started with an introductory video. This
self-created video included a definition of DLP and its resulting
learning data. The definitions were intended to ensure that all
participants had the same understanding of DLP and learning
data from DLP. Similarly, teachers who do not have experience
with learning data from DLP can answer the questionnaire based
on the video. The questions were divided into four sections:
(1) DLP, (2) learning data from DLP, (3) digital media, and (4)
didactical concepts. The sections relevant for this article Sections
“Purpose and research questions,” Materials and methods,” and
“Results” will be described in detail below. All scales used in
the survey were adapted from existing measures or were based
on theoretical assumptions. The item wordings were altered to
the context of usage of data from DLP. Table 1 summarizes all
characteristics of the scales used within this research context.

Learning data from digital learning platforms

Following TPB (Ajzen, 1991) as a theoretical framework to
explain teachers’ intentions to use learning data from DLP, we
used scales to assess teachers’ self-reported data usage, their
intentions to use learning data from DLP, their attitude toward
learning data from DLP, their perceived behavioral control
regarding learning data from DLP and their subjective norm
regarding learning data from DLP.

To assess data usage in the context of individualization
we developed items on purpose-related usages like using data
from DLP for identifying student needs, setting learning goals,
or revising lessons based on individual needs. Because to date
no study had examined teachers’ usage of learning data from
DLP, we adapted items on general usage of learning data to
this context. This also applies to the following scales concerning
learning data from DLP.

Within this questionnaire, intention to use data from DLP
was measured using three different stages. Thus, the items
addressing the intention to use included thinking about a
behavior, planning the behavior, as well as the determination of
the intention to actually perform the behavior. Still, if teachers
answered that they have not used learning data from DLP yet,
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TABLE 1 Scale characteristics.

Number of items Response scale

Most representative item

10.3389/feduc.2022.920498

References

Usage of data from DLP 5 1 = No, never for this
reason—4 = Yes, regularly
for this reason

Intention to use data from DLP 3 1=No-4=Yes

Attitude toward data from DLP 8 1 = Does not apply at
all-4 = Applies completely;
5 =1 cannot tell

Perceived behavioral control 4 1 = Does not apply at

regarding data from DLP all-4 = Applies completely;
5 =1 cannot tell

Subjective norm regarding data 4 1 = Very low level-4 = Very

from DLP high level; 5 =T cannot tell

Usage of digital media 10 1=Yes
2=No

Attitude toward digital media 8 1 = Does not apply at
all-4 = Applies completely

Practice 6 1 = Never-4 = Regular

Individual support 4 1 = Never-4 = Regular

Feedback 4 1 = Never-4 = Regular

Data-based instructional 6 1 = Never-4 = Regular

design

“I use data from DLP to set learning goals

Moore and Shaw, 2017

for individual students”

“I plan to use data from digital learning platforms for
my teaching within the current school term”

“I find data from digital learning platforms useful”

“I'am good at adapting lessons based on data from digital

Venkatesh et al., 2003; Tappe,
2017

Wayman et al., 2016

Wayman et al., 2016

learning platforms”

“Colleagues influence me to use data from DLP”
“learning videos such as YouTube”

“I like to use digital media for my lesson planning”

“Ilet my students practice with tasks where I can see
particularly well whether the essentials have been

Venkatesh et al., 2003; Tappe,
2017
Schmid et al., 2017

Venkatesh et al., 2003; Tappe,
2017; Petko et al., 2018;
Schaumburg and Prasse, 2019
Jager and Helmke, 2008;
Baumert et al., 2009

understood”

“I give the students different tasks depending on their
ability”
“I tell the students in which areas they can still improve”

“I use data as the basis for conversations with parents”

Institute for Quality
Development Hessen, 2012

PISA, 2017
Wayman et al., 2016

All items were taken from the given references and adapted to the context of this study.

they got an additional information before answering the items
regarding the intention to use learning data from DLP. We asked
teachers to answer the next items to the best of their ability, and
to think about potential use if necessary.

Based on theoretical background, attitude, perceived
behavioral control, and subjective norm should predict teachers’
intention to use learning data from DLP and their usage.
Regarding attitudes toward learning data from DLP, items were
devoted to the benefits of data usage for the teacher, as well
as items focused on improvements for students. The items on
perceived behavioral control regarding learning data from DLP
captured how teachers assessed their own ability to use learning
data from DLP. Here, using learning data was again focused
on aspects of individualization and additionally on aspects
of instructional design. Within the items on subjective norm
regarding learning data from DLP, teachers were asked to rate
how much they think other professionally relevant groups of
people (students, parents, colleagues, school administrators)
expect them to use learning data from DLP. We also provided
an option to give no answer as the items of these scales were
mandatory to be able to proceed the questionnaire.

Digital media

In addition to the TPB model, research data on other
factors were collected to elucidate the intention to use learning
data from DLP. For this purpose, we asked teachers about
the digital media they use. Teachers had to indicate for ten
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different digital media whether they use them as part of
their teaching. The focus was less on technical devices and
more on applications such as learning management systems
or learning videos. A sum score was calculated across the
ten items to indicate teachers’ proneness to usage of digital
media for instruction. Additionally, the questionnaire contained
items regarding teachers’ attitudes toward digital media. These
items also contained positive attitudinal statements regarding
benefits to teachers and students, but with focus on digital
media in general.

Didactical concepts

When using DLP and the resulting data, the pedagogical
context requires closer consideration. Therefore, we included
items on didactical concepts in our survey instrument.
Related to our research aim to better understand teachers’
intention to use learning data from DLP we integrated items
regarding practice, individual support, feedback, and data-based
instructional design within our study. The didactic concepts were
not related to digitalization in order to find out how important
these concepts were for teachers in their lessons independently
from the usage of data from DLP.

The scale Practice consisted of items assessing automated
and elaborated practice as those are different ways to practice.
Since individual instructional design can benefit from the usage
of learning data from DLP, items on Individual support were
used to its importance for teachers instruction. The scale
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Feedback inquired the extent to which teachers provide feedback
to their students in the classroom. With the scale Data-driven
instructional design, we determined whether teachers also use
learning data without a digital medium to design their lessons
and to encourage and challenge learners. A mean value was
calculated for each scale.

Statistical methods

Missing data

Non-response occurred when participants did not answer all
items of a scale or used the alternative response option, I cannot
tell. To cope with missing data, we used multiple imputation
(Van Buuren, 2012), using the mice package in R-Studio. The
multiple imputation was based on a created predictor matrix
with 10 iterations.

Data analysis

To answer the first research question, the research
data on usage of learning data from DLP were analyzed
descriptively. Descriptive statistics were compiled for all scales
in preparation for explaining the intention to use and the usage
of learning data from DLP.

To answer the second research question, we used structural
equation modeling (SEM). The SEM method was chosen as it
enables to consider all variables in one model at once, acting
as both independent and dependent variables. SEM combines
factor and path analysis in order to separate measurement error
influences from true influences. In addition, SEM can be used
to check the fit of a model with the data set (Schumacker and
Lomax, 2010; Eid et al., 2017).

We first examined the TPB model as our Model 1. Since this
was applied to a novel context, we checked all connections of
the variables (i.e., also attitude and subjective norm for usage
and not only for intention to use). In another SEM, Model

to tailor instruction to individual student needs 41,5
to identify the learning needs of struggling students 42,6
to set learning goals for individual students 46
to determine if I need to re-teach certain concepts and skills 48,2
to identify learning needs of students who are not struggling 50
0 10 20

No, never for this reason

FIGURE 2

mNo, but at an earlier stage for this reason

10.3389/feduc.2022.920498

2, we tested the extended TPB model that included additional
predictors. Following Tappe (2017) and Gellerstedt et al. (2018),
the additional predictors are tested only in relation to the
intention to use learning data from DLP and not in relation to
the self-reported usage. We specified that the difference in the
explained variance between both models (AR?) must be >0.05
for the extended model to provide a meaningful improvement
compared to Model 1. For the purpose of this article, we used
model fit values according to the following guidelines: As a
criterion for the acceptance of the overall model, we assumed
that %2/df should be <3.00 (Homburg and Giering, 1997). For
the comparative fit index (CFI), values >0.90 indicate a good
fit (Garson, 2009). Additionally, the root mean square error
of approximation (RMSEA) should be <0.05 to be accepted
as a good model fit or <0.08 for an acceptable model fit. The
associated p-value of RMSEA must be >0.05 (Browne and
Cudeck, 1993). All analyses were conducted using R-Studio.

Results

To what extent do German primary
school teachers use learning data from
digital learning platforms for
individualization?

It was part of the survey to ask teachers about their previous
and current usage of learning data from DLP for five different
purposes of individualization (Figure 2). The self-reported
usage is utilized as a dependent variable in the main analyses, but
to answer research question 1 it is also examined descriptively.

Figure 2 shows that the teachers were divided into data users
and non-users of roughly equal size across all five purposes. Up
to 50% of the teachers had never used learning data from DLP
for either of the specific purposes targeting individualization.

30 40

m Yes, occasionally for this reason m Yes, regularly for this reason

Previous and current usage of learning data from digital learning platforms (DLP).
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The majority of the teachers (58.5%) had used learning data
from DLP to tailor instruction to individual students’ needs.
Of these, 48.9% claimed to currently use the learning data
occasionally or regularly. Further, 46.7% of teachers reported
that they currently used learning data from DLP to identify the
learning needs of struggling students occasionally or regularly.
Another 10.7% of participants had used the learning data at an
earlier time. The third most common reason for using learning
data from DLP was to set learning goals for individual students.
Here, 11.0% of teachers had used learning data in the past
and 43.0% currently did so. A total of 51.9% of teachers had
previously used (10.3%) or currently use (41.6%) learning data
from DLP to determine whether they needed to re-teach certain
concepts and skills. Teachers were least likely to use learning
data from DLP to identify the learning needs of students who
were not struggling. Here, exactly 50.0% of the participants used
learning data for this reason and correspondingly, the same
number of participants did not. As with the previous purpose,
10.3% of teachers had used the learning data at an earlier time.
The remaining teachers (39.7%) currently used the learning data
at the time of the survey. The results showed that learning
data from DLP were used by teachers to similar extents for
different purposes.

What predicts teachers’ intentions to
use and the usage of learning data
from digital learning platforms?

In preparation for the main analyses, we analyzed the
descriptive statistics and reliability of all scales (Table 2). Since
the reliability analyses yielded acceptable to excellent values for
all scales, this issue is not considered further.

Results of the descriptive statistics showed that the mean
score for intention to use learning data from DLP was M = 2.75.
That is, on average, participants were slightly more likely to
imagine using learning data from DLP within the school year

TABLE 2 Descriptive statistics and reliability analyses.

10.3389/feduc.2022.920498

to design their lessons than to imagine not using them. A closer
look at the evaluation of the items for the intention showed that
78% of teachers had an intention to use learning data from DLP.
Thereby, the intention to use learning data differed among these
teachers regarding its intensity. The remaining 22% of teachers
had no intention to use learning data from DLP. An example
item to assess the intention to use was “I plan to use learning
data from digital learning platforms for my teaching within the
current school term.” Even though the items on the self-reported
usage of learning data from DLP have already been considered in
more detail (Section “T'o what extent do German primary school
teachers use learning data from digital learning platforms for
individualization?”), the mean value should also be mentioned
here (M = 2.07). An example item for the usage scale was “I
use data from digital learning platforms to set learning goals for
individual students.”

On average, the participants reported more positive than
negative attitudes toward learning data from DLP (M = 2.75).
This implies, for example, that teachers agreed that they find
learning data from DLP useful. The mean for all participants
regarding the scale perceived behavioral control regarding
learning data from DLP was about moderate (M = 2.53). Thus,
we could not make a clear determination about whether or
not teachers might be able to deal with learning data from
DLP. While some teachers stated that they are already able to
use learning data from DLP other stated they cannot. For the
subjective norm regarding learning data from DLP scale, the
average answer showed a tendency toward negative response
options (M = 2.22). This suggests that teachers were not
particularly influenced by, for example, their colleagues to use
learning data from DLP.

With regard to the usage of digital media, the teachers were
asked about the use of ten different types of digital media in
their lessons. We then calculated the sum score with a mean of
M = 5.19. This showed that the teachers on average used about
half of the digital media given. Teachers, on average, highly
approved items regarding the attitude toward digital media

Mean SD Range Skew Kurtosis o

Usage of data from DLP 2.07 0.9 3 0.24 -1.22 0.9
Intention to use data from DLP 2.75 0.85 3 -0.35 -0.51 0.9
Attitude toward data from DLP 2.75 0.62 3 -0.3 0.21 0.9
Perceived behavioral control regarding data from DLP 2.53 0.75 3 -0.45 -0.44 0.9
Subjective norm regarding data from DLP 222 0.71 3 0.16 -0.29 0.8
Usage of digital media 5.19 1.83 10 0.02 -0.15

Attitude toward digital media 3.03 0.51 2.88 -0.51 0.41 0.88
Practice 3.21 0.49 3 -1.41 3.77 0.75
Individual support 3.35 0.53 3 -0.82 0.69 0.75
Feedback 3.51 0.47 3 -1.04 1.86 0.77
Data-based instructional design 3.21 0.78 3 -1.25 1.19 0.94

N=272.
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(M = 3.03). That is, teachers, on average, rather liked working
with digital media in the classroom.

For most teachers, the didactical concepts considered,
i.e., practice, individual support, feedback, and data-based
instructional design certainly mattered in their teaching.
Practicing was considered relevant by teachers on average
(M = 3.21). For example, practice could be represented by the
following item “I let my students practice with tasks where
I can see particularly well whether the essentials have been
understood.” Participants also perceived individual support to
be relevant to their teaching with M = 3.35. For example,
teachers occasionally to regularly gave their students tasks
that fit their needs. Giving feedback appeared to be the most
relevant didactic concept for teachers, as indicated by the mean
of M = 3.51. On average, teachers occasionally to regularly
told their students in which areas they could improve. For
data-based instructional design, M = 3.21 showed the same

TABLE 3 Correlation matrix of all factors for all participants.

10.3389/feduc.2022.920498

mean value as for practicing. Accordingly, teachers tended
to use learning data occasionally; for example, as a basis for
conversations with parents.

To finally answer the second research question, we predicted
teachers’ intention to use learning data from DLP as well
as their self-reported usage of learning data from DLP by
firstly their attitude, perceived behavioral control, subjective norm
and secondly as well by their usage of digital media, attitude
toward digital media, practice, individual support, feedback, and
data-based instructional design. The correlation matrix of all
predictors with the intention to use and the usage of learning
data from DLP is shown in Table 3. Cohen (1988) was followed
in interpreting the correlation coefficients. Low to moderate
significant correlations with intention to use learning data from
DLP were found for all independent variables except for practice.
Attitude, perceived behavioral control, usage of digital media,
and attitude toward digital media showed moderate correlations

Variable 1 2 3 4 5 6 7 8 9 10 11
1 Usage of data from DLP 1

2 Intention to use data from DLP 0.50%%% 1

3 Attitude toward data from DLP 0.457%% 0.497%% 1

4 Perceived behavioral control regarding data from DLP  0.54***  0.40%**  0.48%** 1

5 Subjective norm regarding data from DLP 0.350%F 0.23%% 0.4 0.28*** 1

6 Usage of digital media 0.370%0.350%  0.21%%*  0.29%** 0.10 1

7 Attitude toward digital media 0.3707% 0.39%%  0.56**  0.40%**  0.16**  0.31*** 1

8 Practice 0.02 0.07 0.10 -0.04 0.09 0.04 0.12* 1

9 Individual support 0.17** 0.18** -0.05 0.12* 0.07 0.18** 0.15%*  0.26"** 1

10 Feedback 0.21%%%  0.220%* 0.05 0.13* 0.08 0.10 0.10 0.20°%  0.49%** 1

11 Data-based instructional design 0.18** 0.18** 0.13* 0.30** -0.02 0.11 0.16**  0.33*** 029" 0.33* 1

N =272;*p < 0.05, **p < 0.01, and ***p < 0.001.

.09

Attitude toward
data from DLP

#94%EF
Subjective norm

regarding
data from DLP

Perceived
behavioural control
regarding
data from DLP

FIGURE 3

Intention

data from DLP

Usage of
data from DLP

to use

Results of the structural equation modeling (SEM) for the theory of planned behavior (TPB) model in case of data from digital learning platforms

(DLP). N = 272; *p < 0.05, **p < 0.01, and **p < 0.001.
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with teachers’ intentions to use learning data from DLP. A high
positive correlation was found for intention to use learning data
from DLP with usage of learning data from DLP. Additionally,
the correlation matrix showed low to high correlations with
usage of learning data from DLP and the other variables except
for practice. Here, perceived behavioral control showed a high
correlation with teachers’ intentions to use learning data from
DLP whereas moderate correlations were found for attitude,
subjective norm, usage of digital media, and attitude toward
digital media.

To examine the association of all variables in one model,
we performed SEM. First, we considered the TPB model
in its original form, but considered attitude and subjective
norm as predictors for teachers usage of data from DLP
as well (Figure 3). Secondly, we extended the TPB model
with additional variables: usage of digital media, attitude
toward digital media, and didactical concepts (Figure 4). The
influence of the additional variables was only tested regarding
the intention to use data from DLP. Table 4 provides the
standardized beta values of all relationships for both models.

Based on the confirmatory factor analysis, a good model fit
could be established for Model 1: x2(242) =385.65, ledf: 1.60,
p < 0.001. With a CFI = 0.95, the value represented a good
model fit. The RMSEA = 0.05, with p = 0.73, and 90% CI [0.04,
0.06], could also be classified as good. Taking a closer look
at the results of the first SEM, the intention to use data from
DLP was mostly significantly predicted by teachers™ attitudes
toward learning data from DLP. Thus, teachers with a positive
attitude toward the usage of learning data from DLP showed a
higher intention to use it. Additionally, the perceived behavioral
control regarding learning data from DLP also significantly
predicted the intention to use learning data from DLP. Similarly,
teachers who assessed their skills in using learning data from
DLP as good showed a higher usage intention. In contrast, no
significant associations were found for subjective norm regarding
learning data from DLP. Regarding the usage of data from DLP,
teachers’ intentions to use learning data from DLP as well as their
perceived behavioral control regarding learning data from DLP
and subjective norm regarding learning data from DLP turned
out as significant predictors. In this context, perceived behavioral
control was most significant in explaining the model. Thus, we
found that teachers use learning data from DLP when they
perceive themselves as competent enough to do so or when other
persons like colleagues influenced teachers’ interest in using
such learning data. With Model 1 we were able to explain 30%
of the variance of the intention to use data from DLP and 51% of
the variance of the usage of learning data from DLP.

Also for Model 2 a good model fit was established:
¥2(1277) = 1971.79, p < 0.001, ¥2/df = 1.60. Even though the
CFI of 0.90 was a bit lower here, it could still be described as
good. The RMSEA = 0.05, with p = 0.99, and 90% CI [0.04,
0.05], could also be classified as good. Model 2 explained 38%
of the variance of the intention to use data from DLP and 52%
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of the variance of the usage of learning data from DLP. As the
additional predictors were tested only in relation to the intention
to use learning data from DLP, only the consideration of AR? for
intention was interesting. Following our default that an increase
in explained variance becomes practically relevant only when
AR? > 0.05,a AR? = 0.08 shows that the second model differed
meaningfully from the first model. Therefore, Model 2 should
be considered. In addition to the TPB variables, this model
contained digital media (usage, attitude) and didactical concepts
(practice, individual support, feedback, data-based instructional
design). Again, attitude toward learning data from DLP most
strongly predicted the intention to use learning data from DLP.
In contrast to Model 1, perceived behavioral control regarding
learning data from DLP did not predict teachers’ intentions to
use learning data from DLP. Of the added factors, usage of
digital media was found to be a significant predictor of teachers’
intentions to use learning data from DLP. Thus, in addition to
teachers’ attitudes, the usage of several types of digital media
was predictive for their intention to use learning data from DLP.
Other didactical concepts showed no significant association with
the intention to use data from DLP. The previously identified
predictors for the usage of data from DLP remained the same:
intention to use data from DLE perceived behavioral control
regarding data from DLE and subjective norm regarding data
from DLP.

Discussion

Summary

The presented study provides a valuable insight into
German primary school teachers’ intention to use and usage
of data from DLP. In this cross-sectional survey study, on the
one hand, we were able to describe the usage of learning data
from DLP for purposes of individualization. On the other hand,
we predicted teachers intention to use learning data from DLP
as well as their usage with variables from the established TPB
model (Model 1) as well as an extended TPB model (Model 2).

Regarding the first research question, about half of all
participants indicated that they were already using learning
data from DLP for various purposes of individualization. For
example, identifying struggling students’ learning needs led to
great consent among the teachers. This emphasizes the added
value of DBDM in the school context: Theoretical articles and
empirical studies have cited the determination of appropriate
instructional steps for students’ individual learning needs as a
reason for data usage (Mandinach and Gummer, 2016; Prenger
and Schildkamp, 2018; Peters et al., 2021). Similarly, research on
educational technologies has reported on the potential of DLP
to provide information about students’ needs from learning data
(Greller et al., 2014; Schaumburg, 2021). Nevertheless, half of all
teachers who participated in the survey did not use learning data
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Results of the structural equation modeling (SEM) for the extended theory of planned behavior (TPB) model in case of data from digital learning

platforms (DLP). N = 272; *p < 0.05, **p < 0.01, and **p < 0.001.

TABLE 4 Standardized beta values of all relationships in the structural equation model.

Model 1: TPB Model 2: extended TPB

B SE R? B SE R?
Intention to use data from DLP 0.30 0.38
Attitude toward data from DLP 0.42%%* 0.16 0.41%%* 0.19
Perceived behavioral control regarding data from DLP 0.17% 0.10 0.04 0.11
Subjective norm regarding data from DLP 0.03 0.13 0.05 0.13
Usage of digital media 0.15* 0.03
Attitude toward digital media 0.06 0.11
Practice -0.08 0.17
Individual support 0.12 0.18
Feedback 0.11 0.22
Data-based instructional design 0.06 0.09
Usage of data from DLP 0.51 0.52
Intention to use data from DLP 0.254** 0.07 0.254** 0.07
Attitude toward data from DLP 0.09 0.16 0.09 0.15
Perceived behavioral control regarding data from DLP 0.41** 0.10 0.41** 0.09
Subjective norm regarding data from DLP 0.19** 0.13 0.19%* 0.12

N =272;%p < 0.05,p < 0.01,and ***p < 0.001.

from DLP. A non-use of learning data was also found in other
studies (Kippers et al., 2018; Blumenthal et al., 2021). For this
reason, it was important to further investigate the reasons for
the intention to use and usage of learning data from DLP.

With regard to the second research question on predictors
of intention to use and usage of learning data from DLP,
teachers’ attitudes toward learning data from DLP proved to
be the most relevant predictor for intention to use learning
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data from DLP in both models. Therefore, teachers need a
positive mindset about learning data from DLP in order to
consider using them. Teo and Tan (2012) also found the highest
influence of attitude as a factor of the TPB model when they
predicted teachers’ intentions to use technology in school.
Likewise, Blumenthal et al. (2021) identified attitude toward
data—independently of TPB—as an important predictor for the
intention to use data for educational decisions. In contrast to
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previous studies, however, subjective norm had no effect on
the intention to use learning data from DLP (Teo and Tan,
2012; Hellmich et al., 2019; Knauder and Koschmieder, 2019).
This might be explained by the fact that teachers in Germany
are quite independent in their lesson planning and often do
not receive regulations regarding the choice of their methods
(Kerres, 2020). The irrelevance of subjective norm changed
when considering the TPB variables in terms of the usage
of learning data from DLP. Here, subjective norm regarding
learning data from DLP significantly predicted teachers’ usage of
learning data from DLP. In return, the attitude toward learning
data from DLP had no influence on the explanation of the
usage of learning data from DLP. The relevance of perceived
behavioral control regarding learning data from DLP and the
irrelevance of attitude toward learning data from DLP to the
usage of learning data from DLP is consistent with the findings
of Knauder and Koschmieder (2019) on the consideration of
TPB with respect to individualized instructional design but is
also in contrast to the findings of other studies (Prenger and
Schildkamp, 2018; Hellmich et al., 2019). As expected, intention
to use learning data from DLP had a significant influence on
the usage of learning data from DLP. Nevertheless, an intention-
behavior gap is evident here as well (Ajzen, 1991; Sheeran, 2002):
More teachers have the intention to use, but fewer actually
realize the usage of learning data from DLP. This may be
due to the fact that it takes more than just a positive attitude
to use it. It also requires competencies—expressed here in
perceived behavioral control—that must first be acquired. The
addition of further variables led to a meaningful improvement
of the model, but only the previous usage of digital media
could be identified as a significant predictor of the intention
to use learning data from DLP. Therefore, it is helpful for
teachers to be able to imagine the usage of learning data from
DLP if they have already gained experience with other digital
media. From this we can assume that there would also be
a significant association between the intention to use or the
usage of the DLP and the intention to use learning data from
DLP. The extension of a predictive model to include didactical
concepts, like the importance of feedback or the usage of data-
based instructional design, as proposed by Tappe (2017) and
Gellerstedt et al. (2018), yielded no success in this study. We
conclude that even though the TPB model proved to be very
robust and the influence of additional predictors was small, it
seems useful to consider the teacher’s instructional context when
explaining teachers’ intentions to use learning data from DLP
in future studies.

Strengths and limitations
To the best of our knowledge, this is the first study

to examine primary teachers’ intention to use and usage of
learning data from DLP in the context of individualization in
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Germany. In this context, an already established theoretical
model proved useful in the cross-sectional survey study and
was tested with additional factors. Nevertheless, there are some
limitations to this study.

In this study, the TPB model was considered in terms of
both teachers’ intentions and usage of learning data from DLP.
However, it is worth noting that teacher respondents were only
surveyed at a single point in time, as it is desirable to observe the
intentional and behavioral change over a certain time between
the first and the second measurement. Accordingly, the results
should be confirmed in a longitudinal survey. Nevertheless, for
comparability with other studies of the TPB, both intention and
usage were included in our analyses. Moreover, the usage—as
well as the other items—was only self-reported by the teachers,
thus there is a possibility of distortion. The real usage of learning
data from DLP, how it is designed, and if it is beneficial for
learning of students is left unanswered and should be subject of
further research.

Further, although all primary school teachers in Bremen,
Hamburg, Mecklenburg-Western Pomerania, Lower Saxony,
and Schleswig Holstein were contacted via their schools
and invitations were issued on social media to participate
in the survey, only a small number of primary school
teachers took part in the survey study. Nevertheless, this
number met the previously calculated sample size and analyses
were conducted. In addition, it can be assumed that the
sample is characterized by media-literate teachers, as the
respondents were recruited via e-mail and social media and the
questionnaire was conducted online. The frequency of usage
might be overestimated.

Outlook

This study was able to explain primary school teachers’
intention to use and the usage of learning data from DLP
especially for individualization. Doing so, this study contributes
to the growing body of research on the potentials of DBDM
and Learning Analytics in the context of inclusive schooling.
Nevertheless, further empirical research is needed based on
these findings. We have already been able to explain part of
the intention to use and the usage of data from DLP, however,
some reasons for the (non) use still remain unexplained.
These need to be investigated in further studies. In this
context, we also recommend qualitative studies, for example
interviews with primary school teachers, in order to elaborate
further relevant factors. Since students in primary schools
are particularly heterogeneous, we focused on primary school
teachers. However, an investigation of the model would also
be interesting for secondary school teachers. In addition to our
findings regarding predictors of intention to use and usage, it
would be valuable to better understand what motivates teachers
to use or not use learning data from DLP. Moreover, it would
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be interesting to find out more about how teachers use learning
data from DLP, especially in the context of individualization,
and whether this use has an impact on learning effectiveness.
To this end, qualitative studies like interviews, school-based
observation studies, or additional quantitative studies are
desirable. Furthermore, it would certainly be worthwhile to take
a closer look at teachers’ competencies for using learning data
from DLP and to investigate the influence on their intention to
use as well as their usage.

The results of this study indicate that it is also necessary
to consider its implications for teacher education and training.
Consideration needs to be given to how teachers’ attitudes
toward the usage of learning data from DLP, as well as their
perceived behavioral control, can be fostered in teacher trainings
to increase their usage of learning data from DLP. Because
DBDM, especially in DLP contexts, can support teachers in
establishing individualized learning opportunities, this can help
to meet the needs of all students best.
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