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Abstract

Data-based decision-making is a well-established field of research in education. In par-
ticular, the potential of data use for addressing heterogeneous learning needs is empha-
sized. With data collected during the learning process of students, teachers gain insight
into the performance, strengths, and weaknesses of their students and are potentially able
to adjust their teaching accordingly. Digital media are becoming increasingly important
for the use of learning data. Students can use digital learning platforms to work on exer-
cises and receive direct feedback, while teachers gain data on the students’ learning pro-
cesses. Although both data-based decision-making and the use of digital media in schools
are already widely studied, there is little evidence on the combination of the two issues.
This systematic review aims to answer to what extent the connection between data-based
decision-making and the use of digital learning platforms has already been researched in
terms of using digital learning data for further instructional design. The analysis of n=11
studies revealed that the use of data from digital learning platforms for instructional design
has so far been researched exploratively. Nevertheless, we gained initial insights into which
digital learning platforms teachers use, which data they can obtain from them, and how
they further use these data.

Keywords Data-based decision-making - Digital learning platforms - Instructional design -
K-12-Teachers - Systematic review

Introduction

“The focus should be continuously adapting instruction in the classroom and beyond, to
facilitate and optimize students’ learning processes, taking into account learners’ needs and
individual characteristics” (Mandinach & Schildkamp, 2021, p. 7).

As student heterogeneity increases, so does the demand for adaptive instruction (Hardy
et al., 2019; Kruse & Dedering, 2018). Adaptive instruction aims to fit the instructional
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design, such as learning material or tasks, to the individual needs of students. To do so,
teachers require a comprehensive overview of students’ learning processes (Hardy et al.,
2019; Kippers et al., 2018b; Plass & Pawar, 2020). Digital learning platforms have the
potential to support teachers in obtaining data on their students’ learning progress as well
as in making direct adjustments to the learning material (Altenrath et al., 2021; Holmes
et al., 2018; Krein & Schiefner-Rohs, 2021). In the following, we will provide an overview
of (1) data-based decision-making to improve instructional design and (2) the possibilities
of digital learning platforms for teaching and learning. Finally, we will explore the poten-
tial of connecting the two areas in the systematic review of n=11 studies from primary and
secondary schools.

Data-based decision-making to improve instructional design

To address student heterogeneity, teachers need to improve their instructional design' (Heb-
becker et al., 2022). For this purpose, it can be helpful to take student data into account
(Ansyari et al., 2020; Gelderblom et al., 2016; Lai & McNaughton, 2016; Van Geel et al.,
2016). With student data, teachers have information about students’ progress and receive
feedback on their teaching quality (Kippers et al., 2018b; Prenger & Schildkamp, 2018).
The use of student data for decision-making for the purpose of instructional design’ can
be defined “as the systematic collection and analysis of different kinds of data to inform
educational decisions” (Mandinach & Schildkamp, 2021, p. 1). For this teacher action, dif-
ferent terms have developed over approximately two decades of research. In the literature,
the terms ‘data use’, ‘data-based decision-making’ (Lai & Schildkamp, 2013; Mandinach
& Schildkamp, 2021; Schildkamp et al., 2014), ‘data-driven decision-making’ (Mandin-
ach, 2012; Sampson et al., 2022; Schildkamp & Kuiper, 2010), or ‘data-informed decision-
making’” (Shen & Cooley, 2008) are most common. The complexity of data-based deci-
sion-making becomes evident in the process of data use (Mandinach & Schildkamp, 2021).
The circular process of data use contains several steps (Keuning et al., 2019; Lai & Schil-
dkamp, 2013; Mandinach & Gummer, 2016; Sampson et al., 2022). We are following the
data use for teaching process consisting of five steps: (1) the identification of problems and
framing questions, (2) the use of data, (3) the transformation of data into information, (4)
the transformation of information into decisions, and (5) the evaluation of outcomes (Man-
dinach & Gummer, 2016). Data should not be collected without a specific goal. Therefore,
the process starts with identifying problems and formulating leading questions to solve the
problems by using data (Schildkamp, 2019). In the next step, for example, teachers need to
think about which sources they want to use and collect the data (Mandinach & Gummer,
2016; Schildkamp, 2019). The transformation of data into information is part of the data
analysis. In this step, the data need to be understood and imbued with meaning. Thus, new
information arises, for example, that students misunderstood the topic (Hebbecker et al.,
2022; Mandinach & Gummer, 2016; Schildkamp, 2019). Additionally, teachers must com-
bine the data with contextual details, such as pedagogical information about students, to

! “Instruction is defined as the goal-oriented actions of the teacher in a classroom that focus on explaining
a concept or procedure, or on providing students with insights that will initiate or sustain their learning pro-
cess” (Prenger & Schildkamp, 2018, p. 736; see also Gelderblom et al., 2016; Hattie, 2009).

2 The use of data for instructional design to improve the teaching quality is only one objective for data-
based decision-making. Two other objectives are accountability goals and school development (Blumenthal
et al., 2021; Schildkamp, 2019).
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obtain added value from the data (Wilcox et al., 2021). Based on an informed understand-
ing of the data, teachers derive suitable actions for students from the information (Mandi-
nach & Gummer, 2016). One example is the provision of additional exercises for individ-
ual students. The last step of the circular process includes the evaluation of the outcomes
(Mandinach & Gummer, 2016): Has the initial question been answered or has the identified
problem been solved? Have other changes occurred as a result of the actions taken with
individual students or within the whole class? The process of data-based decision-making
can be challenging for teachers (Peters et al., 2021; Prenger & Schildkamp, 2018; Wilcox
et al., 2021). Teachers often struggle with analyzing and interpreting the data (Hebbecker
et al., 2022; Kippers et al., 2018a). In addition, transforming information into decisions
seems to be difficult for teachers and is therefore often neglected (Keuning et al., 2017;
Kippers et al., 2018a; Marsh, 2012; Visscher, 2021).

For data-based decision-making, different forms of data can be considered. Input data
include data on teacher and student characteristics (e.g., student background data). Process
data include data about the entire learning process. Context data might influence the learn-
ing process and contain data on school culture, school curriculum, and school and teach-
ing equipment. Output data are data on student progress and other results of the learning
process, such as students’ well-being (Blumenthal et al., 2021; Lai & Schildkamp, 2013).
In addition to these forms of data, there are different levels of data-based decision-making:
the school system level, the school level, the class level, and the student level (Blumenthal
et al., 2021). This systematic review focuses solely on the class and student levels because
those consider the instructional design and its effect on individual students. Data-based
decision-making on these levels aims to adapt the instructional design to the identified
needs of students (Visscher, 2021).

Studies on data-based decision-making are often based on data from different forms of
assessments, so-called assessments for learning, such as paper-and-pencil tests, oral tests,
and homework assignments (Kippers et al., 2018b). Assessment for learning “focuses on
daily practice in which teachers, students, and peers continuously gather information about
student learning processes” (Kippers et al., 2018b, p. 201) to understand current learning
status and weigh possibilities for future learning paths (Van der Kleij et al., 2015). Assess-
ments intend to involve students more in their learning process by using data to provide
students with feedback and help them understand their performance (Hamilton et al., 2009;
Mandinach & Schildkamp, 2021). Mandinach and Gummer (2016) stated that they focus
not only on assessment data but on all education data. For example, in addition to assess-
ment data, teachers may consider behavioral data to get a more comprehensive picture of
their students.

Even if teachers collect a large amount of data, the explicit use of these data for improv-
ing individual student progresses is still scarce (Wilcox et al., 2021). This situation raises
the following question: What does a teacher’s use of data depend on? On the one hand,
teachers’ positive attitudes towards data can influence their use of data (Blumenthal et al.,
2021; Hase et al., 2022; Kippers et al., 2018b). On the other hand, prerequisites for the
implementation of data-based decision-making are teachers’ competencies: knowledge of
data and skills for using data (data literacy) as well as pedagogical, didactical, and con-
tent knowledge, which need to be combined (Blumenthal et al., 2021; Cui & Zhang, 2022;
Mandinach & Gummer, 2016; Visscher, 2021). Data literacy is especially fundamental
for data-based decision-making as it includes the ability to collect, organize, analyze, and
interpret data to inform instruction (Kippers et al., 2018a; Mandinach & Gummer, 2016;
Wilcox et al., 2021). A person who is able to follow all steps of the data use for the teach-
ing process can be considered as data literate (Mandinach & Gummer, 2016).
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Possibilities of digital learning platforms for teaching and learning

Within the research on data-based decision-making, the role of digital tools is increas-
ing. Digital tools are mentioned with their possibilities to support teachers in collect-
ing, storing, analyzing, and interpreting data (Mandinach & Gummer, 2016; Schild-
kamp, 2019; Wilcox et al., 2021). For example, when using digital learning platforms,
multiple data are generated (Greller & Drachsler, 2012; Krein & Schiefner-Rohs, 2021;
Schaumburg, 2021). In this context, the term ‘learning analytics’ arises, which is used
to express the automatically collected, analyzed, and reported student data within digital
learning processes (Van Leeuwen et al., 2021). Learning analytics aim to provide stu-
dents with direct feedback, and, in some cases, direct adjustments to the learning path,
as well as providing teachers with student data. Using the information gathered from the
data, teachers can improve their teaching and enable individualized learning processes
(Greller et al., 2014; Krein & Schiefner-Rohs, 2021; Van Leeuwen et al., 2021; Verbert
et al., 2014). Therefore, the use of learning analytics can be seen in line with the fun-
damental concept of data-based decision-making. Verbert et al. (2013) developed the
learning analytics process model consisting of four stages: (1) awareness, (2) reflection,
(3) sensemaking, and (4) impact.

Within the process model, people need the following: (1) to be aware of the data;
(2) to ask questions to reflect on the data; (3) to answer the questions and create new
insights; and (4) to deduce consequences for their behavior (Verbert et al., 2013). Learn-
ing analytics data is provided on dashboards within digital tools. Taking the dashboard
into account, teachers get insights into students’ performance, progress, and misunder-
standings via visual displays (Greller & Drachsler, 2012; Van Leeuwen et al., 2021).
The stages of the learning analytics process model can be applied to teachers’ dashboard
use:

[Dashboards] are deployed to support teachers to gain a better overview of course
activity (Stage 1, awareness), to reflect on their teaching practice (Stage 2), and to
find students at risk or isolated students (Stage 3). Few, if any, address Stage 4 of
actual impact (Verbert et al., 2013, p. 1502).

Using the dashboard, teachers can either monitor students’ learning processes during
the lesson to directly intervene or after the lesson to reflect and reconsider their future
instructional design (Aleven et al., 2016; Van Leeuwen et al., 2021). Learning analyt-
ics also includes log-in data and other data on students’ behavior using the digital tool
(Aleven et al., 2016; Verbert et al., 2014). This systematic review focuses on data about
the learning process from exercises in digital learning platforms.

Digital learning platforms enable the individualization of teaching and learning with
regard to several aspects, such as the learning goal, the learning content, the learn-
ing path, but also the learning time and the place to learn (Daniela & Rudolfa, 2019;
Schaumburg, 2021). The collection, storage, and analysis of student data, generated
during their use, offer great potential for individualization. The available data is often
addressed as the added value of learning platforms (Cui & Zhang, 2022; Schaumburg,
2021). Overall, digital learning platforms include a large number of exercises, provide
students with direct feedback according to their performance on the exercises, display
students’ learning data on dashboards for teachers, and allow adaptive learning (Daniela
& Rudolfa, 2019; Greller & Drachsler, 2012; Hase et al., 2022; Hillmayr et al., 2020).
Examples of digital learning platforms include drill-and-practice programs or intelligent
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tutoring systems. Drill-and-practice programs offer the opportunity to practice existing
knowledge in exercises and provide students and teachers with feedback (Hillmayr et al.,
2020). In intelligent tutoring systems, in addition to consolidating existing knowledge,
it is also possible to acquire new knowledge. Intelligent tutoring systems also offer the
possibility of adaptive exercise design and thus enable individual learning paths (Hill-
mayr et al., 2020; Holmes et al., 2018). Even though learning management systems are
often used more to organize the learning process, exercises can also be made available
to and worked on by students. Thus, data on the learning process of the students are also
collected here and become available to teachers for further use (Holmes et al., 2018).
Since the aspect of data generation during the processing of exercises is the focus of
this systematic review, different types of digital learning platforms can be considered
(Reinhold et al., 2020).

Research questions

Data from digital learning platforms are often not explicitly mentioned in previous research
on data-based decision-making (Gelderblom et al., 2016; Kippers et al., 2018b). Nevertheless,
digital media gain importance in everyday instruction. As a meta-analysis revealed, there are
already several studies showing a positive impact of digital learning platforms on students’
learning outcomes that result from individual feedback and the possibility of adaptive learning
(Hillmayr et al., 2020). How teachers can derive added value from digital learning platforms,
in particular how they interpret and use information gained from learning platforms for deci-
sion-making, needs to be further investigated (Krein & Schiefner-Rohs, 2021; Van Leeuwen
et al., 2021). Similarly, the impact of using data from digital learning platforms on improv-
ing teaching quality as well as school development needs has not been sufficiently researched
(Schildkamp, 2019).

To gain insight into existing studies on the use of data from digital learning platforms for
data-based decision-making, especially the further (adaptive) instructional design of teach-
ers, we conducted this systematic review addressing the overall research question: What is the
current state of research on teachers’ use of data from digital learning platforms for further
instructional design?

In order to address this overall research question, we defined additional subordinate
research questions for the analysis of existing studies:

(1) Which digital learning platforms do teachers use?
(2) What kind of digital data do teachers use?
(3) For what purpose do teachers derive which instructional actions from the digital data?

Thus, this systematic review differs from other systematic reviews on data use, which focus,
for example, on the use of data in school development contexts in general (Altenrath et al.,
2021) or the use of data for instructional design as influenced by interventions for the develop-
ment of professional competence (Ansyari et al., 2020).

AECT @ Springer



A. Hase, P. Kuhl

Datennutzung Lernplattformen Lehr*

Datengestiitzt* Digitale Medien Unterricht*

Datenbasiert* Lernapp Schul*
Datenkompetenz Lernmanagementsystem

Data Literacy
Learning Analytics

Intelligentes Tutorielles System
Bildungstechnologie

UND

AND

Data Use Learning Platform Teach*
Data-Based Decision Making Digital Media Lesson*
Data-Informed Decision Making Learning App School*

Data-Driven Decision Making
Data Literacy
Learning Analytics

Learning Management System
Intelligent Tutoring System
Educational Technology

Fig.1 German and English search string

Methods

With this systematic review, we aim to provide an overview of the existing research
on teachers’ use of data from digital learning platforms for instructional design. The
systematic review was prepared following the PRISMA-P scheme (Moher et al., 2009,
2015).

Literature search

Based on the literature review and the research questions, the terms ‘data use’ and
‘learning platform’ were combined to form parts of a search string. The term ‘teach’
was added to focus on the context of the institution school and here on teaching (see
Fig. 1). Additionally, we included their synonyms for a more comprehensive search
string. We used asterisks to include other word combinations. The English search string
was translated into German to identify German papers in addition to other international
papers to also explore our national research context.

The databases FIS Bildung, Psyndex, PsycInfo, Scopus, and Web of Science were
searched using the search string to identify potentially relevant articles. The search was
conducted in February 2022 and resulted in N=2119 records (see Fig. 2).

Inclusion-exclusion criteria

For the inclusion and exclusion of studies within the review we developed the follow-
ing criteria: First, studies needed to be empirical studies focusing on the use of digital
data in schools. Second, digital data had to be derived from digital learning platforms.
Thus, we did not consider studies with other digital data, for example, data from learn-
ing progress diagnostics programs (e.g., Hebbecker et al., 2022) or monitoring systems
(e.g., Keuning et al., 2019). Third, the studies had to focus on the perspective of teach-
ers and fourth, could contain only teachers from primary, secondary, and high school.
Higher education teachers were not of interest in this review. Fifth, the studies had to be
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Records identified through
database searching
(N=2.119)

Identification

A

Records after duplicates

removed

(n=1.880)
e
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n and abstract 1 inclusion criteria

(n=1.880) (n=1.752)
= Full-text articles assessed for Full-text articles excluded
7 eligibility —>  based on inclusion criteria
LTC_J” (n=128) (n=117)

Studies included in qualitative
synthesis
(n=11)

Fig.2 Literature search process with numbers of articles considered

published in English or German; other languages could not be considered. The publica-
tion dates of the studies were not limited.

Search process

The search process is illustrated in Fig. 2 and is explained further as follows: After remov-
ing duplicates, n= 1880 records were left for the screening process. The screening of the
titles and the abstracts followed the inclusion and exclusion criteria and was conducted
by three independent raters to ensure the reliability of the screening process (investiga-
tor triangulation method; Denzin, 1978). All raters read every title and scored them with
1="‘relevant’ or 0= ‘not relevant’. Titles that totaled two or three points across the three
raters were selected for the next screening step, whereas titles with one or zero points were
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excluded from the further screening process. The screening of abstracts followed the same
procedure. During the full-text screening, n =128 studies were subsequently read and rated
for eligibility by one rater. The full-text screening was also based on the established inclu-
sion and exclusion criteria. After the full-text screening, n=11 studies were included in the
final qualitative synthesis.

Literature analysis

We extracted data and collected the following information from the included studies:
Authors, year, country, language, type of school, school subject, sample size, participants,
study design, methods, and research questions. After the first data extraction, we started to
analyze the studies in more detail following the overall and subordinate research questions.

Results

To give an overview of the n=11 included studies, we will first resume the general study
information. Afterwards, we will answer the subordinate research questions to present a
qualitative analysis of the studies. In Table 1, we present general information and methodo-
logical details about the included studies.

Interestingly, even though the publication period was not limited, the studies were pub-
lished only in the period from 2011 to 2021. Most of the studies originated from the US
(n=Y5), followed by n=2 studies from the Netherlands. However, these two studies from
the Netherlands were published by the same authors. The remaining studies all originated
from different countries (Cyprus, England, Greece, Israel, and New Zealand). All studies
were written in English and thus relate to international empirical research. Most of the
studies were published as journal articles (n=7). We also included empirical studies pub-
lished as conference papers (n=2) and dissertation papers (n=2).

As specified in the inclusion criteria, the studies all contained teachers as participants.
In addition, n=35 studies also examined other school stakeholders such as students, school
administrators, parents, and administrative staff. The studies took place in nine primary
schools, six middle schools, and one high school. Some of the studies examined two types
of schools. All but three studies reported not only the type of school but also the subject
examined in the studies. In this regard, most studies focused on mathematics as a sub-
ject for data-based decision-making. While n=3 studies only contained math lessons, n=4
studies researched math and other lessons like reading, writing, and science. One study did
not mention a focus on math but on STEM and humanities.

Since n=9 studies had a qualitative study design, the sample sizes of these studies
were not large. The sample sizes of all included studies varied between N=1 teacher to
overall N=277 participants. The qualitative studies included a mixture of research meth-
ods: observations (n=9), interviews (n="7), document analyses (n=2), group discussions
(n=1), and think-out-loud-protocols (n=1). The mixed-methods study used questionnaires
and interviews, the quantitative study only a questionnaire. The research questions were
quite diverse and aimed at different aspects of using digital data (Table 1). Some research
questions focused on the description of teachers’ dashboard usage and which actions teach-
ers derived from the data. Others considered the impact that digital data can have on feed-
back and individualized learning. As part of the quantitative study, the researchers asked
which factors influenced the use of digital data.
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Which digital learning platforms do teachers use?

All studies involved the use of digital learning platforms, which in turn included various
technologies. The different digital learning platforms will be described in more detail,
with a focus on functionalities for teachers.

While in n=3 studies the authors did not specify the used learning platform, but
only reported the use of learning platforms in general, learning analytics, or dashboards
(Jewitt et al., 2011; Mavroudi et al., 2021; Michaeli et al., 2020), the remaining n=38
studies all involved different kinds of digital learning platforms. Basham et al. (2016),
Bonham (2018), and Edmunds and Hartnett (2014) more explicitly specified the tool,
stating specific learning management systems (Buzz; KnowledgeNET; Schoology).
Buzz is a learning management system that enables personalized, project-based, and
mastery-based education (Agilix, 2023a; Basham et al., 2016). Teachers can track stu-
dent’s usage and performance with reports. Students’ learning paths are displayed to
teachers on a dashboard and are compared with national educational standards (Agilix,
2023b). Buzz also offers the option of assessing students’ emotional well-being (Agilix,
2023b). In the study of Basham et al. (2016), besides Buzz additional learning platforms
that support students and teachers were also used but not further named. Edmunds and
Hartnett (2014) included only schools in their study which used the learning manage-
ment system called KnowledgeNET. The structure of the KnowledgeNET learning
management system is not described in more detail in their article. The learning man-
agement system also seems to no longer exist, thus no further information on the func-
tionalities can be provided. Schoology is a learning management system that enables
personalized education, communication, and collaboration (PowerSchool, 2023). In
addition, explicit attention is given to the potential of Schoology for data-based teach-
ing and learning (PowerSchool, 2019). On a dashboard, teachers can see the progress of
their students in real time as well as long-term trends in teaching and learning like stu-
dents with low interaction. As with Buzz, the mastery of national educational standards
is shown (Bonham, 2018; PowerSchool, 2019). Focusing on the potential of formative
assessment for teachers’ instructional design, Bonham (2018) also investigated the use
of formative assessment without referring to the learning management system School-
ogy. In the studies of Knoop-van Campen and Molenaar (2020) as well as Molenaar
and Knoop-van Campen (2018), Snappet as an adaptive learning platform was used by
teachers and students. Snappet contains a comprehensive dashboard for teachers, which
provides data in real time about the learning progress of individual tasks, but also with
regard to the mastery of competencies of the curriculum (Knoop-van Campen & Mole-
naar, 2020; Snappet, 2023). Other specified learning platforms were (intelligent) tutor-
ing systems like the integrated tutor system within the NumberShire learning game
(Hinkle, 2021), Carnegie Learning Tutor (Xhakaj et al., 2016), and Luna, which is a
dashboard prototype for an intelligent tutoring system (Xhakaj et al., 2017). The Num-
berShire Integrated Tutor System includes a dashboard where teachers can see students’
progress including mastery of standards after students finished an assignment (Hinkle,
2021). The aim of the NumberShire Integrated Tutor System is not only to enable stu-
dents to practice math skills but also to improve teachers’ data-based decision-making
(University of Oregon, 2023). The Carnegie Learning Tutor provides teachers with real-
time updates on student progress, but also with detailed reports from student to district
level. The Learning Tutor can be used with different intelligent tutoring systems (Car-
negie Learning, 2023; Xhakaj et al., 2016). Also, Luna is a dashboard which can be
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used with different intelligent tutoring systems. Luna includes information on mastery
of skills, students learning progress, as well as misconceptions (Xhakaj et al., 2017).

A more detailed description of how the dashboards were designed and worked cannot be
given as this information is often only available to full users of the respective digital learn-
ing platforms. The functionalities of the dashboards were also not described more precisely
in the studies that are included in this systematic review. What kind of data teachers receive
on the dashboards of the digital learning platforms is described in the following section.

What kind of digital data do teachers use?

The identified studies focused on student performance data at different levels: individual
student level, classroom level, and school level. As in the description of the digital learn-
ing platform, the study by Mavroudi et al. (2021) did not describe in detail which data
the teachers used. Data are mentioned as student data records, and any other data records.
Student postings and student responses from the learning management system were used
in the study of Edmunds and Hartnett (2014). Bonham (2018) and Michaeli et al. (2020)
reported the use of student knowledge data, including student understanding and miscon-
ceptions. As Bonham (2018) focused on formative assessment data in general, she consid-
ered analog and other digital data besides data from a digital learning platform. More spe-
cifically, the data are identified in the study of Basham et al. (2016): Teachers in their study
used analog and digital data, including classroom and system data, student voice record-
ings, student self-reported data, and data from pathways containing current learning and
progress data. The use of progress data such as information on students’ mastery of skills,
misconceptions, and time spent with the learning platform, was explicitly mentioned in the
studies of Hinkle (2021), Jewitt et al. (2011), Molenaar and Knoop-van Campen (2018)
and Xhakaj et al. (2016, 2017). In some cases, the visualization of the data was described
in more detail (Hinkle, 2021; Knoop-van Campen & Molenaar, 2020; Molenaar & Knoop-
van Campen, 2018): Colors were primarily used to classify student performance into dif-
ferent levels, for example green icons for students who are making progress, red icons for
no progress, and grey icons for unknown progress status (Knoop-van Campen & Molenaar,
2020). The color coding is expected to help teachers to get a quick overview of the data
within the dashboards.

For what purpose do teachers derive which instructional actions from the digital
data?

After describing which digital learning platforms and which data are used, the reasons why
teachers used the data and how they used it for further instructional actions are of par-
ticular interest. Within the identified studies, the purposes of using learning data can be
divided into two areas: First, all n=11 studies focused on the added value of the data for
teachers and their teaching. Second, n=6 studies also addressed the potential of data for
students and, in some cases, for their parents.

Regarding the purposes of using data for teaching, all included studies mentioned
understanding students’ learning process as one reason for data use. For example,
teachers wanted to identify barriers to learning (Basham et al., 2016), aimed to iden-
tify students’ misconceptions (Xhakaj et al., 2016), and tried to get generally more
knowledge about their students (Michaeli et al., 2020). The understanding of the learn-
ing process is also expressed when teachers asked what their students learned and what
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they should learn next (Edmunds & Hartnett, 2014). Teachers also saw an opportunity
for data use in comparing individual student progress with progressions of other stu-
dents in the same class or other comparable users of the learning platform (Molenaar
& Knoop-van Campen, 2018).

Based on the purpose of supporting students learning, instructional actions for indi-
vidualization and differentiation were reported in the studies. To this mean, two studies
reported digital learning platforms that automatically developed appropriate learning
pathways and provided differentiated tasks based on students’ prior learning results
(Bonham, 2018; Molenaar & Knoop-van Campen, 2018). In addition, teachers imple-
mented actions to support student learning. Teachers took actions for differentiation
as well as actions for individualization. In terms of differentiation, they divided stu-
dents based on their learning outcomes into more homogeneous groups which received
further learning materials according to their knowledge (Edmunds & Hartnett, 2014;
Michaeli et al., 2020). Individualized actions were evident, for example, in teachers
setting learning goals with each student to make students’ learning visible (Jewitt
et al., 2011), allowing students to work self-regulated in their own learning pace (Bon-
ham, 2018), teachers designing tasks specifically for individual students to encour-
age or challenge them (Michaeli et al., 2020), or teachers interacting with students
individually (Xhakaj et al., 2017). Teachers also made some instructional changes for
the whole learning group in n=7 studies (Bonham, 2018; Edmunds & Hartnett, 2014;
Hinkle, 2021; Michaeli et al., 2020; Molenaar & Knoop-van Campen, 2018; Xhakaj
et al., 2016, 2017). This included for example using information about class progress
gained from digital data as a starting point for designing the introduction of the follow-
ing lesson (Bonham, 2018), differentiating instructions, or spending more class time
on tasks (Michaeli et al., 2020).

Additionally, teachers justified the improvement of feedback for students (Bonham,
2018; Edmunds & Hartnett, 2014; Jewitt et al., 2011; Knoop-van Campen & Mole-
naar, 2020; Mavroudi et al., 2021; Molenaar & Knoop-van Campen, 2018) or the abil-
ity to evaluate students more precisely and fairly as another reason for data use and
also improved their feedback practices based on the data (Michaeli et al., 2020). The
improvement in feedback quality could be attributed to the fact that digital learning
platforms provided more types of feedback, and that feedback was provided directly to
students (Knoop-van Campen & Molenaar, 2020). Another study reported that feed-
back was also made available to parents (Jewitt et al., 2011).

Although indirect benefits for students were mentioned as advantages of data use for
teachers, some studies also mentioned direct benefits for students. Discussing learn-
ing data with students was listed as a reason for data use by teachers (Basham et al.,
2016; Bonham, 2018; Edmunds & Hartnett, 2014; Michaeli et al., 2020). This involved
clarifying misconceptions with students (Bonham, 2018). In addition, it should help
students to take more responsibility for their learning processes (Bonham, 2018;
Edmunds & Hartnett, 2014; Jewitt et al., 2011; Michaeli et al., 2020). The data were
also intended to be used to provide parents with more information about their chil-
dren’s learning (Jewitt et al., 2011; Mavroudi et al., 2021; Michaeli et al., 2020).

Finally, Molenaar and Knoop-van Campen (2018) report that no explicit teacher
actions followed from about a quarter of the dashboard consultations (i.e., looking
at the digital learning data). However, regarding all studies, data use influenced the
majority of teachers’ daily teaching practice.
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Discussion

In the analysis of the studies, it became obvious that the research field dealing with the use
of data from digital learning platforms is still rather young. This was evident, on the one
hand, by the fact that the publications were all published after 2011, and, on the other hand,
from the finding of predominantly qualitative studies that are still exploratory. This is also
underlined with the need for research on how teachers use data from digital learning plat-
forms with added value (Krein & Schiefner-Rohs, 2021; Schildkamp, 2019; Van Leeuwen
et al., 2021). In general, there was a research concentration in the US and the Netherlands.
Only a few studies from other countries could be included. Besides considering the inter-
national research context, a German search string was used to include the national research
context. However, no studies from the German search string could be integrated into the
systematic review.

Regarding the first sub-question, it was found that different digital learning platforms
like intelligent tutoring systems or learning management systems were used for practice
in the studies. The specific type of digital learning platform appears to be not that rel-
evant, as different platforms had been used for data-based decision-making (Hillmayr et al.,
2020; Holmes et al., 2018; Reinhold et al., 2020). However, the functionalities of the digi-
tal learning platforms are not known in detail, as they were neither specified in the studies
nor described comprehensively for non-users by the producers of the digital learning plat-
forms. Therefore, only limited conclusions can be drawn about the difference of data use in
relation to the functionalities of the digital learning platforms.

Various learning data were involved in the use of digital learning platforms by teach-
ers, which led us to answer the second sub-question. The data were limited to the student-
and class-level in the studies (Blumenthal et al., 2021). For example, teachers considered
how much time their students spent in the digital learning platform, how they solved the
exercises, and which errors occurred most frequently when they completed the exercises.
Accordingly, process and output data were used by teachers (Blumenthal et al., 2021; Lai
& Schildkamp, 2013). Teachers gained insight into their students’ learning progress and
processes through the learning data provided by the digital learning platform (Greller &
Drachsler, 2012; Van Leeuwen et al., 2021).

This was also a determining reason for many teachers to use data from digital learning
platforms for further instructional actions, which we addressed with the third sub-question.
As reasons for using data from digital learning platforms, teachers indicated that they want
to involve students and, in some cases, parents more closely in the learning process. This
includes improving feedback for their students. The use of data to improve feedback has
likewise been captured as a benefit in previous research on data-based decision-making and
learning analytics (Hamilton et al., 2009; Mandinach & Schildkamp, 2021; Verbert et al.,
2014). Actual positive changes in feedback to students were noted in the studies. Parents
also gained greater insight into their children’s performance through data used by teach-
ers. In addition, teachers wanted to use the data to get a better overview of their students’
performance and the quality of their teaching (Verbert et al., 2013). Teachers would like
to better understand which exercises students can solve well and which ones they cannot.
With this knowledge, teachers aim to adjust their teaching and enable individual learning
paths. The fact that teachers derived actions in most cases indicates that they went through
multiple steps of the data use cycle (Mandinach & Gummer, 2016) and presumably also
had less difficulty analyzing and interpreting data as well as the resulting decision-mak-
ing, which contrasts with other studies (e.g., Hebbecker et al., 2022; Kippers et al., 2018a;
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Visscher, 2021). Teachers implemented actions to differentiate and individualize in order
to make their students’ learning more adaptive. Accordingly, they addressed the need
for adaptive instruction and therefore exploited the potential of using learning data (e.g.,
Hardy et al., 2019; Mandinach & Schildkamp, 2021). Actions were also provided for the
whole class, such as re-teaching a topic. Teachers used the data both in real-time where
they derive direct action, and after instruction so that long-term instructional changes were
implemented (Aleven et al., 2016; Van Leeuwen et al., 2021). At least one study also found
that no actions were accomplished even after examining the data. In general, not all studies
specified how the process of teachers’ usage of digital data occurred.

Strengths and limitations

This systematic review provided a comprehensive overview of the usage of data from digi-
tal learning platforms for instructional design. In sum, our findings are not that different
from common understandings of possible usages of digital learning platforms. This sys-
tematic review revealed a rather young research field that has been investigated in a pre-
dominantly exploratory fashion to date. The studies included different research foci. For
this systematic review, we established a specific search string based on prior research. Nev-
ertheless, search terms could conceivably have been missing in the definition of the search
string. It is possible that studies that did not include the words of the search string in their
titles, abstracts, or keywords but which would still have been appropriate in terms of con-
tent were not included in this systematic review. Furthermore, only English and German
articles could be considered for inclusion in this systematic review. Nationally published
studies on this topic may exist in other languages. Owing to the predominantly qualitative
studies, mainly exemplary results with limited generalizability were summarized. Finally,
we included conference papers and dissertation papers besides journal articles. Therefore,
it is not ensured that all publications have passed a peer review process.

Conclusion and implications for research and practice

This systematic review provided an overview of the use of data from digital learning plat-
forms for further instructional design. We achieved a first understanding of which digital
learning platforms teachers use for data use, which data they extract from these platforms,
and why and how they use these data for actions. This highlighted the added value of using
data to address heterogeneous student groups and enable individualized learning pathways.

Based on this systematic review, research needs and implications for practice can be
derived. There is a need for large-scale quantitative studies that systematically verify the
initial findings. The extent to which the use of data from digital learning platforms for
further instructional actions depends on the functionalities of the digital learning platform
should also be considered in further studies. Quantitative as well as qualitative studies on
the use of data from digital learning platforms should be conducted in countries where few
contributions to knowledge have been achieved so far. Similarly, the use of data from digi-
tal learning platforms is still scarce and should become more common in schools. To this
end, teachers must be equipped with the necessary technology, but also be trained in the
required skills. If this can be accomplished, the use of data from digital learning platforms
can contribute greatly to adaptive instructional design that considers learners’ needs and
individual characteristics.
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