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Abstract: Teacher-driven personalisation can be challenging to facilitate, especially in large het-
erogeneous classes and during demanding courses. Because of the growing digitalisation, more
possibilities arise towards technology-driven personalisation. Nonetheless, little is known about how
teachers interact with or implement digital personalised learning (DPL) tools in the classroom. This
study explores two research questions: (RQ1) what personalisation strategies are enacted by teachers
while implementing a DPL-tool for programming? and (RQ2) how does the teacher–technology
interaction take shape? A qualitative multiple case study was established, comprising four cases
(two pairs of co-teachers and two teachers who teach individually) implementing a DPL-track for
programming in first grade of secondary education (12-to-14-year-old students). Within-case and
cross-case analyses of interviews and observations revealed that, although the technology-driven
personalisation remained unchanged over the cases, teachers used different personalisation strategies
while enacting the DPL-track. Subsequently, various forms of the teacher–technology relationship
were observed. Based on the findings, (1) a teacher–technology interaction continuum and (2) a new
concept, i.e., ‘the teacher–technology nexus’, are presented as they can be of value for the elaboration
of theory on the implementation of DPL-tools in real life classrooms.

Keywords: digital personalised learning; teacher–technology nexus; personalisation

1. Theoretical Background
1.1. Personalisation Affected by Three Sources

According to Bernacki and colleagues [1], the personalisation of learning involves a
learning environment—whether it be face-to-face vs. digital or human-driven vs.
automated—that considers individual learner characteristics (e.g., prior knowledge, moti-
vations, goals, skills). The prevailing literature emphasises the merits of personalisation,
claiming it could enhance learning outcomes as well as foster students’ engagement and
motivation [1–4].

In this study, teachers and technology are acknowledged as two sources of person-
alisation: (a) Teacher-driven personalisation can be provided when teachers consider
students’ characteristics to align the learning process and curate the learning material
accordingly [3,5,6]. (b) Technology-driven personalisation can be provided by a myriad
of digital tools that, as a result of the expanding digitalisation, include sophisticated fea-
tures to provide immediate personalised instructions, tasks or feedback based on students’
characteristics [7].

When both the teacher and the technology coalesce, it is assumed they can aug-
ment each other and optimise the personalisation of the learning process even more [3,8].
Therefore, their relationship and its influence on personalisation has become the object of
previous research theories (see, for example, [8–11]). In this study, the aim is to investigate
what personalisation strategies (what, how, when and who with regard to personalisation)
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are enacted by teachers while implementing a digital personalised learning (DPL) tool for
programming. In addition, it is investigated how the teacher–technology interaction takes
shape. The following theoretical framework (see Figure 1) comprises an exploration of (a)
teacher-driven personalisation, (b) technology-driven personalisation and (c) interaction-
driven personalisation.
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A special note can be made concerning the student as a separate actor: although
teacher–student interactions and the perspective of students are very valuable to deeper
understand ‘personalisation’, these components were left out of the scope of this paper.

1.2. Teacher-Driven Personalisation

Teachers align their teaching practices and goals to individual student characteristics
by using various personalisation strategies [12,13]. For example, Deunk and colleagues [14]
describe two kinds of strategies: convergent and divergent. Convergent strategies imply
that all students should reach for a minimal pre-defined level. While some students
may easily do so, others will need personalised support. Divergent strategies imply
that all students should reach their own highest potential. Hence, equally divided and
individualised support is needed [14]. Teachers often engage in a mixture of both strategies:
to support students who may be struggling to meet minimum learning goals of a specific
subject, as well as students who excel in the subject to extend their knowledge and skills
even more. In addition, teachers may work towards reducing disparities in knowledge and
academic achievement among students [14].

Accordingly, teacher-driven personalisation can be challenging, especially in large
classrooms with growing diversity in knowledge, interests and needs. In addition, time-
constraints can cause hindrance and pressure to adjust practices to these needs or can be
unconducive to let students work at their own pace [15,16]. Given this growing diversity
and subsequent complexity of implementing personalisation, co-teaching (two teachers
collaborating to teach one group of students) has gained interest [17,18]. By communicating
well and sharing information about students’ learning processes, co-teachers are able to
respond better to individual needs [19].

1.3. Technology-Driven Personalisation

Similarly to teacher-driven personalisation, the aim of technology-driven personalisa-
tion is to create learning environments that meet students’ characteristics [15,20]. Many
digital tools have been developed building upon sophisticated data gathering and process-
ing processes (e.g., artificial intelligence, learning analytics) which yield possibilities for
multiple types of personalisation [20–22].
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To comprehend the multiplicity of personalisation, various frameworks arise that
describe different dimensions (see, for example, frameworks from [15,23,24]. Despite some
differences in these frameworks, there are four dimensions that are mostly referred to.
Examples are the target (what is being personalised: e.g., content, feedback), method
(how did the personalisation happen or differently stated who/what initiated it: e.g.,
system-controlled personalisation, student-controlled personalisation), timing (when did
the personalisation happen: e.g., before or during the student–technology interaction) and
source (which characteristics are the personalisation based on: e.g., cognitive students’
characteristics, students’ interests or in case) of personalisation.

Most frameworks also discuss and highlight the interaction between teacher and
technology. This teacher–technology interaction—which is outlined in the next paragraph—
has availed popularity in recent scientific literature, as it is believed that it may not only
augment learning but also teaching [8,25].

1.4. Personalisation Provided by the Teacher–Technology Interaction

Technology has the potential to support teachers’ practices. For example, tools can
take over repetitive tasks (e.g., personalised feedback) and alleviate pressure from the
teacher. In addition, teachers can utilise technology to manage and document students’
learning processes and access information sources to make well-informed decisions to
personalise instruction [7,8,20,26]. The teacher–technology relationship has already been
the subject of various scientific studies, albeit differently conceptualised.

For example, Puntambekar and Kolodner [9] investigated distributed scaffolding, a
collaboration between technology scaffolds and teacher scaffolds [27]. Tabak [10] indicated
that these different sources (i.e., the teacher and the technology) of scaffolding can work
together in synergy. Another example is a study of Vereschak and colleagues [11], who use
the term AI-assisted decision-making when investigating how human decisions are based
on one’s own experience and on technology recommendations. A final example is the ‘six
levels of automation’ model (Figure 2) of Molenaar [8], who examines hybrid intelligence
and wants to develop a general understanding about the relationship between innovative
technology and human tutors, e.g., teachers. In this model, the transition of control between
humans (human monitoring and control) and technology (input of data which enables
automation) is articulated at six different levels: (1) The teacher only level includes full teacher
control and monitoring without technology interference. (2) The teacher assistance level also
consists of full teacher control and monitoring; however, the technology can now provide
information (e.g., through dashboards) about the learning process and therefore assist
the teacher. (3) In the level of partial automation, the control and monitoring of teachers
is supplemented and supported by little technological control. On this level, technology
can not only inform, but also act (e.g., suggest tasks based on knowledge development
of the student). (4) In the conditional automation level, the technology’s control increases
and is additionally most responsible for monitoring the learning process. For example,
while adjusting the difficulty of tasks, the technology can send advanced suggestions to the
teacher that a specific intervention is needed for some students. Although the technology
has control over the personalisation of the learning process, the teacher can always interfere.
(5) This is less the case for the fifth level, i.e., the high automation level, as interference in
which technology takes up the most part in control and monitoring. (6) The sixth level
consists of full automation by the technology, without interference by the teacher.
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Based on Molenaar’s [8] framework, it may be argued that the teacher–technology
interaction can take on different forms: some interactions involve unshared control (see
level 1, 2, 5 and 6). Other interactions involve (equally or unequally) shared control
(see level 3 and 4). An interaction between teacher and technology consisting of shared
control is considered as synergy, as conceptualised earlier by Tabak [10]. In this paper, we
conceptualise such interaction as the teacher–technology nexus.

2. Aims of the Research

While technology-driven personalisation is becoming increasingly common, there
has been a lack of investigation into teachers’ implementation approaches and interaction
patterns while using this adaptive technology in real-life classrooms [25,28]. Given that the
success of integration and the impact of technological innovations is largely determined
by the teacher, it is essential to investigate teachers’ practices in the classroom [29,30].
Therefore, the goal of this study is to investigate how teachers implement and interact with a
DPL-track in the classroom with a specific focus on personalisation. Two research questions
arise: (RQ1) what personalisation strategies are enacted by teachers while implementing
a DPL-tool for programming? and (RQ2) how does the teacher–technology interaction
take shape? To answer these research questions, a qualitative multiple case study is set
up including six teachers (over four cases: two individual teachers and two pairs of co-
teachers) who are observed and interviewed (see question guide, Appendix A) when using
a DPL-tool (a DPL-track) in their classrooms. In doing so, the study aims to contribute
to theory-building concerning the teacher–technology interaction—which is often the
subject of research theories, but less researched in real life classrooms—and its impact on
teacher-driven personalisation.

3. Method

Because of the exploratory nature of the research questions and the intention to
thoroughly understand teachers’ personalisation strategies while implementing a DPL tool
(RQ1) and how the teacher–technology interaction takes shape (RQ2), this study comprises
a qualitative research design and is situated in the field of case studies. According to Yin [31],
a case study method enables researchers to retain a holistic and meaningful overview of the
characteristics of real-life events. More specifically, a multiple case study is established in
which four cases are considered when implementing a DPL tool: two individual teachers
and two pairs of co-teachers. The cases are comprehensively approached as units through
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an in-depth, multifaceted investigation [32]. In our case, the investigation consists of
observations followed by in depth-interviews. Both sources of data are analysed through a
within-case and cross-case analysis.

3.1. Participants

A call was launched on a forum specifically for secondary school teachers. Interested
teachers (n = 13) were invited for an initial informal conversation to get to know them
and their classroom context. By means of a purposeful sampling method, six teachers
were selected from this group considering diversity (e.g., teachers’ prior programming
knowledge, students’ prior knowledge).

3.1.1. Case 1

Mrs. S. is a middle-aged teacher who teaches first grade ICT in a public school of a
large city. She has 18 years of experience in education. Her class holds 15 students with
high diversity in knowledge and interests. Regarding programming, Mrs. S estimated that
the majority of the class group would be new to programming. She expected one or two
students to be somewhat familiar with programming. She expressed great interest in pro-
gramming and explained that she followed several workshops, has experience with several
programming tools and made her own website to engage students and other teachers.

3.1.2. Case 2

Mrs. R. is a middle-aged female teacher, with more than 30 years of experience as an
ICT teacher in a public school of a large city. Her class comprises 13 students with high
diversity in knowledge and interests. Regarding programming, Mrs. R estimated that
the majority of the class group would be new to programming. She expected one or two
students to be somewhat familiar with programming. She presents herself as unfamiliar
within the programming field, having little experience with programming tools.

3.1.3. Case 3

Mr. AG. and Mr. AW. are two middle-aged teachers who teach first grade ICT in a
public school of a large city. They each have more than 20 years of experience in education.
Their class comprises 14 students with low diversity in knowledge and interests (mostly
high-skilled students). Regarding programming, Mr. AG and Mr. AW estimated that half of
the class group would be somewhat familiar with programming and the other half would
be very experienced with programming. Both teachers indicate that they work as a team to
attend workshops, training courses or readings about innovative tools as much as possible.
In doing so, they are familiar with teaching programming through various tools. Normally
they teach individually, but whenever they try out a new tool or teaching approach, they
choose to co-teach until they feel comfortable enough to teach individually. They have been
working together like this for many years.

3.1.4. Case 4

Mrs. J. and Mr. C. are young teachers with less than 10 years of experience. They both
teach engineering in the first grade of a public secondary school in a large city. Their class
comprises 13 students with high diversity in knowledge and interests. Regarding program-
ming, Mrs. J and Mr. C estimated that most of the students would be new to programming.
They expected one or two students to be somewhat familiar with programming. Mrs. J
and Mr. C presented themselves as less experienced when it comes to programming and
explained they were eager to learn about easy tools and strategies to teach programming.
They always teach together and are planning to do so in the future.

3.2. Procedure and DPL-Tool

After having been selected, teachers followed a training on the functioning of the
DPL-tool (also referred to as a DPL-track because it comprises a personalised sequence
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of programming activities adapted to students’ knowledge) that is situated in the i-Learn
portal (see design and development of the DPL-track by Van Schoors and colleagues [28]).
The focus of the training was solely on the functionality of the tool (such as how it works
and what the dashboard looks like). During this training, the researcher intentionally
left out instructions about how it should be implemented in a lesson, so teachers could
make their own interpretation of it. In doing so, researchers were able to map the teachers’
behaviour independent of any external influences, such as prescribed didactical principles
or any researcher bias. Another important note is that teachers were not informed of the
goal to investigate personalisation strategies, in order to avoid socially desirable behaviour.
The teachers were aware of the tool’s adaptivity as it was mentioned during the participant
call for this research.

The implementation of the learning trajectory was given as one complete ‘program-
ming’ unit in all four cases. The lessons (theory and instructions followed by tasks) were
provided by the tool throughout the completion of the DPL-track. The study was conducted
towards the end of the school year (May, since June is scheduled for final exams), as chances
were higher that students had more experience with several skills that benefit the DPL-track
(ICT-skills, mathematical skills such as working with degrees and the x-,y-axes). In all four
cases, programming had not been taught prior during that school year, but some students
had received some lessons on programming or computational thinking in general during
previous school years or after-school initiatives.

The DPL-tool was developed in the i-Learn portal since it provides the opportunity to
create adaptivity based on ‘intersection’ moments, also known as ‘vantage points’. This is
also the case for our learning path: the DPL-track for programming (see Figure 3). As it is
built in the i-Learn portal, the DPL-tool does not only consist of programming instruction
and tasks, but also vantage points (see red dots in Figure 3). Vantage points (moments
where students are provided with questions examining their programming knowledge and
preferences) facilitate adaptivity and are incorporated both at the start and throughout the
learning track. Based on their scores, students are unobtrusively introduced to personalised
instructions and tasks. Therefore, these vantage points are an imperative asset in this
study since they provide personalised learning paths for each student. During the training,
teachers were introduced to the five vantage points and their functionality (specific quiz
questions within each point, the consequence of various answers in the vantage points,
etc.). They were not provided with instructions on how to additionally support students
while passing a vantage point.
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Figure 3. An overview of the track.

With regard to the instruction and tasks, three stages of difficulty can be distinguished:
(a) Students start with a visual programming language (which enables them to manipulate
visual elements like, i.e., blocks) to write a code within the coding environment FTRPRF.
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This stage holds easier tasks and instructions. (b) Moving on to the coding environment
Minecraft: Education Edition, students engage with a hybrid programming language
(which enables them to edit visual programming constructs while simultaneously seeing
reciprocal changes in the analogous textual programming constructs). This stage gets
more difficult as students learn about the textual code that is behind the blocks. (c) Fi-
nally, students are provided with textual programming (textual code) tasks in the coding
environment Dodona. As a result, this stage holds the most difficult tasks and instructions.

With regard to the vantage points moments, an overview can be found in Table 1. They
facilitate an important aspect of the DPL-track, i.e., personalisation. The vantage points are
incorporated both at the start and throughout the learning track to examine (1) students’
programming knowledge and (2) to identify students’ preferences. Based on their answers,
students are unobtrusively introduced to personalised tracks.

Table 1. Overview of vantage points and their function.

Vantage Points (see Figure 3) Description of the Key Moment

A

Vantage point A holds a short quiz which evaluates prior knowledge regarding programming.
After completion, instead of receiving scores, students are matched with a track
corresponding to students’ cognitive level: Students who answered all questions (n = 5)
correctly were led to the middle of Phase 2. Students who answered three or four questions
correctly were led to the beginning of Phase 2. Students who answered less than three
questions correctly were sent to the beginning of Phase 1. Students are not aware of the track
to which they are attributed.

B
Vantage point B holds questions through which students can self-estimate their knowledge
regarding coordinates (x,y,z coordinates for dimension). According to their desire, students
are presented with easier/harder tasks and more/less instruction.

C

Vantage point C builds on vantage point B as it holds an additional quiz concerning
coordinates to check whether students who declined extra information or tasks, really
understand the learning content. If students fail this quiz, they are guided back to the track
that holds additional guidance.

D
Vantage point D holds questions through which students can self-estimate their knowledge
regarding variables. According to their desire, students are presented with easier/harder
tasks and more/less instruction.

E

Vantage point E builds on vantage point B as it holds an additional quiz concerning variables
to check whether students who declined extra information or tasks really understand the
learning content. If students fail this quiz, they are guided back to the track holding
additional guidance.

Another feature of the DPL-track is the dashboard. As soon as learners start, teachers
can monitor their progress. Given that the i-Learn portal is currently in development, the
dashboard information is rather limited: teachers can monitor in what track the student is
working and how they are performing on the vantage points (see Figure 4). The section
‘status’ indicates whether students started (green dot) or finished the learning track (green
dot with check mark). The section ‘vantage points’ indicate students’ scores (red dot for
fail, green dot for pass). Teachers can click on students to see a simplified overview of their
progress and performances.

For a more detailed description of the design and development of the learning track
we refer to Van Schoors and colleagues [28].
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3.3. Data Production: Observations and Interviews

After the training, the four cases were first observed and then interviewed (see in-
terview guide, Appendix A): In total, each case was observed for 4 h: two lessons of
two hours each within a timeframe of two subsequent weeks. This is also the estimated
time to complete the DPL-track. Observing two lessons in that time period enabled the
researcher to evaluate the teacher’s consistency in their personalisation practices, as well as
identify any changes or confirm their consistent personalisation behaviour. The latter was
the case for all teachers. During observation, the main researcher made extensive digital
field notes regarding the teacher’s behaviour. Cameras were set up in the classroom to
capture different angles: two cameras focused on the class itself and one camera focused on
the teacher’s computer screen to monitor dashboard usage. These three angles provided
a rich image of what happened in the classroom and helped to investigate the teacher
personalisation strategies and teacher–technology interaction. After the observation, the
video data were imported and stored by the main researcher, and the audio from all footage
was transcribed verbatim in Dutch. Moments that contained teacher’s personalisation
strategies were pinpointed. After extensively examining the video footage of both observa-
tion moments, the main researcher selected one fragment which characterises the teachers’
personalisation strategies.

These moments were discussed with the teachers during a follow-up interview. The
interview took place by means of a semi-structured interview guide (Appendix A) com-
prising questions related to (a) views on implementation of the DPL-track, (b) the teacher–
technology interaction, (c) personalisation strategies and (d) the dashboard. To gain deeper
insight in teachers’ personalisation strategies, the interview guide built on theoretical frame-
works (see [15,23,24]). More specifically, four reflection words representing four questions
were focussed upon when discussing the selected observation moments: target, method,
time, source (see Table 2).
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Table 2. Questions based on frameworks regarding dimensions of personalisation (see [15,23,24]).

Question Description of the Key Moment

Target What is being personalised? The presentation/the layout/the learning pace/the instruction/the feedback/

Method By whom did the personalisation happen? The teacher or the tool or a combination?

Time When did the personalisation happen? Before, during, the student–technology interaction?

Source Which students are (mostly) involved and which characteristics are considered?

Co-teachers were interviewed together. The duration of the interview was between
60–75 min. All interviews were recorded and transcribed verbatim. Confidentiality was
protected as the identities of the participants were pseudonymised throughout the data
production and analyses. All participants (including the participants’ students) agreed
with informed consent on the goals and procedure of the study. Both the video material
and audio transcriptions are kept only by the main researcher and cannot be shared due to
privacy reasons.

3.4. Data Analysis: Within-Case and Cross-Case Analysis

A comparison of teachers’ personalisation strategies was made by means of a within-
case and cross-case analysis according to the guidelines of Miles and Huberman [33].
Analyses (see Figure 5) pertain to both data sources (observations and interviews). During
the analyses, observation and interview data were consistently integrated and combined to
elicit a comprehensive perspective on both research questions.
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First, a within-case analysis was carried out: for all four cases, one critical fragment was
selected which characterises the teachers’ personalisation strategies while implementing
the DPL-tool (RQ1). Teachers were asked to reflect on the observation fragment by thinking
about their target, method, time and source of adaptation. Furthermore, for each case, the
interaction between teacher and technology was also examined (RQ2). A general overview
of the teacher–technology interaction was outlined based on the observations, while the
interview data provide a richer perspective on how teachers experienced this interaction.

Second, a cross-case analysis was conducted building on the within-case analysis: this
implies an aggregation of findings across cases by means of comparisons [33]. In doing so,
we brought together findings pertaining to both the research questions.

4. Results

The results are reported according to two main sections. The first section (within-case
analysis) looks at the cases separately. For every case, three result sections are provided:
(A) A general description is given of how the teacher(s) implemented the DPL-track. (B)
Teachers’ personalisation strategies (RQ1) are depicted through a vignette. This vignette
represents a selected moment that characterises the teacher’s personalisation strategy (e.g.,
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personalised support, guidance or instruction) while using the DPL-tool. An analysis
of this specific moment is provided, based on interview and observation data. (C) The
teacher–technology interaction (RQ2) is described. The second section (cross-case analysis)
holds an interpretation of similarities and differences between cases. Throughout both
results sections, quotes are used as illustrations.

4.1. Section One: The Within-Case Analysis

In the following, the individual teachers (case 1 and case 2) will be discussed (see
Figure 6).
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Figure 6. Cases with one teacher.

4.1.1. Case 1—Mrs. S.

A. Description of how the teacher implemented the tool

Mrs. S. started her lessons with an extensive plenary introduction (explained the goals
and how to use the DPL-track). After the plenary part, Mrs. S. deployed the DPL-track as
a standalone tutor in combination with teacher-enhanced personalisation through many
(one-on-one) interventions. She opened the dashboard of the DPL-track in the beginning of
a lesson, but afterwards she did not use it or refresh it to see any progress. At the end of
every lesson, she initiated a plenary discussion (lessons learned, evaluating the DPL-track).

B. Vignette: Reflection on personalisation strategy

The personalisation strategy that will be analysed more in-depth (see Table 3) hap-
pened during a teacher–student interaction. The student was solving tasks on coordinates
in the hybrid programming environment Minecraft. When he got to vantage point B (com-
prising a question about student’s preferences with the aim for personalised instruction,
i.e., ‘do you think you need extra information on coordinates or not?’), the student chose
more information on coordinates. As he did not understand the additional information
provided by the DPL-track, he called the teacher over for help. As a response, the teacher
took out a crafted cube and used it to reinforce a visualisation of the coordinates x, y, z and
their dimensionality, while also making simulations using the DPL-track (see Figure 7).

Mrs. S.: “That is difficult, right? I will take my box over here [takes box]. I also found
coordinates very difficult, so I decided to draw the axes. By doing so, you will be able to
see them with me. So basically, this is your Minecraft world [holds out the box]. So, you
have an x-axis, which is like a base [shows the x-axis on the box]. ( . . . ) Now in this
world [points to the computer screen] there’s one more, which enables you to look far into
the world. That is the z-axis. ( . . . ) You can experiment with it [shows the student how
to simulate in the Minecraft’s code builder].”
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Table 3. Reflection on personalisation strategy by Mrs. S.

Reflection on Personalisation Strategy Based on the Observation (O) and/or Interview (I)

Target (O)

The target that is being personalised—by both the DPL-track and the teacher—is instruction
regarding the x,y,z coordinates and their dimensionality. Coding with coordinates (e.g., placing an
object at 0, −1, 0) is one specific element that students need to master before moving on to more
difficult parts of the learning track.

Method (O&I)

The personalisation was provided by both the DPL-track and the teacher: the DPL-track provided
student-controlled personalisation regarding additional instructions on coordinates, which the
student agreed to. Meanwhile, the teacher provided personalisation by giving extra support to
process these additional instructions. To do so, the teacher used the DPL-track to simulate and
visualise the axes. In addition, she gave an introduction on coordinates via a self-made cube.
Mrs. S.: “A feature I really like about the DPL-track is that, at some vantage point, students can decide if they
want more information or instruction about a specific topic. There are some students who are truthful, but if
not, the DPL-track compensates with questions regarding their knowledge on the topic. ( . . . ) For me, that is
very useful because I can focus on the coaching process. ( . . . ) While there are already words and codes on the
screen, I could also show it through the crafted cube.”

Time (O&I)

The personalisation happened during the student–technology interaction. Mrs. S. decided to
personalise instructions when the student asked a question about coordinates. However, the teacher
also prepared personalised support before the student–technology interaction by solving all tasks
and reading through all instructions. As she considered coordinates to be difficult to learn, she
crafted a box to overcome possible student learning difficulties.
Mrs. S.: “At that moment I decided to personalise because the student asked a question about it (referring to
coordinates). But at other moments, I personalised while observing students’ computer screens showing the
x,y,z-axes. I know it is difficult learning material, so I wanted to support them immediately.” ( . . . ) I actually
made the cube for myself when I was going through everything. ( . . . ) I thought that I had to come up with a
trick to explain coordinates, because if I did not prepare it, it would be a disaster.”

Source (O)

The teacher provided personalised instructions while interacting with one specific student who
lacked programming skills/knowledge about coordinates. Nonetheless, the same personalisation
strategy was repeated during one-on-one interactions with other students who lacked the same
skills/knowledge.
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C. Teacher–technology interaction: How did the relationship take form?

Mrs. S. explained she trusts and values the adaptivity of the DPL-track. She liked
that students were provided with choices to personalise their own track and that the
DPL-track compensated for poor student decisions by providing additional questions that
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facilitate adaptivity. Mrs. S. further personalised instruction, feedback, support, etc., where
needed. She engaged in a divergent personalisation approach: she told students it is not
necessary to complete the learning track, but she did motivate everyone to get as far as
possible. Students could use the DPL-track at home or during free time in other courses.
She explained that, thanks to the personalisation of the DPL-track, she got extra time which
enabled her to take up coaching tasks more, such as motivating, supporting and managing
during the learning process of specific students. Regarding the dashboard design, she
explained the progress overview was too simple. She would like to see more details (e.g.,
progress within different coding environments, time spent on task, error analysis, etc.) but,
at the same time, indicated that using dashboards is too difficult (rather impossible) due to
time constraints.

Mrs. S: “I can coach so much more instead of plenary reciting everything ( . . . ) I
have one magic word, ‘I can differentiate better’.” ( . . . ) “I am able to help students
individually. Not every student is stuck at the same point, not every student needs your
guidance at the same moment, not every student has the same learning pace. ( . . . ) I
really do believe in this way of teaching. I want to learn more about it. ( . . . ) I think I
can describe the relationship between me and the DPL-track as: It was my support.”

4.1.2. Case 2—Mrs. R.

A. Description of how the teacher implemented the tool

Mrs. R. started her lesson with a short plenary introduction (explained the goals and
where to find the DPL-track in the i-Learn library). After the plenary part, Mrs. R. deployed
the DPL-track as a standalone tutor. Mrs. R. initiated some one-on-one personalisation
interventions, mostly when students encountered technical difficulties. If students asked
programming-related questions, she often suggested other students as peers to help. Mrs. R.
spent a lot of time at her desk in front of the classroom where she was engaged in all kinds
of administrative tasks (following up on emails, grading papers, etc.). Throughout the
lessons, she occasionally consulted the dashboard to monitor students’ learning progress
or decide on students’ grades.

B. Vignette: Reflection on personalisation strategy

The personalisation strategy that is analysed more in-depth (see Table 4) relates to
two linked moments: a classroom-teacher interaction followed by a teacher–dashboard
interaction. At the beginning of the lesson, the teacher explained to the students that the
DPL-track enabled her to monitor their progress (classroom–teacher interaction). Then,
during the lesson, Mrs. R. sat at her desk and checked the teacher dashboard (teacher–
dashboard interaction; see Figure 8). After looking at the progress of some students,
she made some verbal comments directed towards individual students, albeit audible
for everyone.

Mrs. R.: “Listening carefully, if I notice that you’re surfing the web, instead of working
with the DPL-track, you will receive a zero. I can see your process. I know where you are
in the learning track.” ( . . . ) [takes a look at the dashboard and checks the progress of a
student] “Come on Y, you have to try harder and work a bit faster.” ( . . . ) [takes a look at
the dashboard and checks the progress of a student] “S, did you return to the right tasks?
I can see you moved on too fast, by now you could have only reached the second phase of
the track.” ( . . . ) [takes a look at the dashboard and checks the progress of a student] “T,
you have a red mark. That means you did not solve the question correctly. I saw that!”
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Table 4. Reflection on personalisation strategy by Mrs. R.

Reflection on Personalisation Strategy Based on the Observation (O) and/or Interview (I)

Target (O)
The target that is being personalised—by the teacher using the dashboard of the DPL-track—is
feedback about the progress of students. She reminded one student to work a bit faster and another
student to follow the track truthfully.

Method (O&I)

While the DPL-track personalised the learning experience for every student, the teacher relied on the
dashboard of the DPL-track to provide some additional personalised verbal feedback. During the
interview she explained that she graded students according to the progress that was shown on
the dashboard.
Mrs. R.: “I did not have the feeling that I had to personalise additionally; I found the DPL-track to be
sufficient.” ( . . . ) “I experienced the DPL-track as very user friendly. ( . . . ) You can use the dashboard to see
where they are situated within the learning track. ( . . . ) I would like to see some more information on students’
progress within every coding environment for every task. For example, checkmarks when tasks are correctly
solved. ( . . . ) “I also graded them according to what I saw in the dashboard. ( . . . ) If they got a red mark for a
quiz question during a vantage point, I gave them 2,5/5. If they received a green mark, they got 5/5.”

Time (O&I)

The personalisation happened during the student–technology interaction. In between her
administrative activities, the teacher randomly opened the dashboard and clicked a specific student
to monitor the progress. When she noticed irregularities regarding their progress, she decided to
provide some verbal feedback.
Mrs. R.: “I was managing where necessary. ( . . . ) If I noticed students lingered too long or made big jumps
forward, I knew that something was not right. I really liked that I could see that on the dashboard.”

Source (O)

She mostly provided personalised feedback concerning learning progress while interacting with one
student at a time. Although the comments were addressed to one specific student, classmates could
also hear them as they were made aloud. The teacher’s decision of checking on specific students was
not completely random: Mrs. S. said she always keeps an eye on students who are ‘easily distracted’.
Mrs. R.: ”I checked on Y, N and A more because they are often disobedient. They never listen or get easily
distracted. ( . . . ) I barely checked on the girls because I know they are always doing what I ask them. ( . . . )
But the boys, yes, I monitored their progress more often.”
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C. Teacher–technology interaction: How did the relationship take form?

Mrs. R. explained that she trusted the DPL-track as the main teacher, while her role
as a teacher shifted from tutor to supervisor. In between administrative activities, she
focussed on supervising and monitoring students’ learning progress through the use of
the DPL-track’s dashboard. However, this did not necessarily result in ‘didactical person-
alisation’ (e.g., additionally explaining instruction on a specific subject), but more often
in ‘management personalisation’ (e.g., reprimanding students for mistakes made, urging
students to continue working). Mrs. R. engaged in a convergent personalisation approach:
she expected every student to reach the end of the learning track and relied on the dash-
board to grade students’ work. She explained to the students that she could see everything
and that she would use that as base to assign students’ grades (e.g., performances at quiz
moments which facilitate adaptivity would result in pass or fail scores).
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Mrs. R.: “( . . . ) I mostly sat at my desk and, yeah, sometimes I looked around the
classroom, but most of the time I could do other things, like update my Smartschool. (
. . . ) I did not need to keep a constant eye on the students because they were buzzy with
the DPL-track and I trusted it. ( . . . ) I could pass on the role of the teacher ( . . . ) I was
more like a supervisor.”

In the following, the two pairs of co-teachers (case 3 and case 4) will be discussed (see
Figure 9).
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4.1.3. Case 3—Mr. AG. and Mr. AW.

A. Description of how the teachers implemented the tool

Mr. AW. started the lesson with an extensive plenary introduction (explained the goals
and how to use the DPL-track). After the introduction, Mr. AG. and Mr. AW. implemented
the DPL-track as a standalone tutor in combination with one-on-one teacher-enhanced
personalisation. Both teachers engaged in personalised instructions concerning technical
issues. After some time, Mr. AW. focussed more on didactic personalisation, while Mr. AG.
continued to take care of questions concerning technical issues. There was little interaction
between teachers when it came to their personalisation strategies. They did not open the
dashboard of the DPL-track.

B. Vignette: Reflection on personalisation strategy

The personalisation strategy that will be analysed more in-depth (see Table 5) hap-
pened during a teacher–student interaction. The student was solving tasks on degrees in
the coding environment FTRPRF. As she did not understand how to use degrees to make an
avatar turn to the right, she called the teacher over for help. As a response, the teacher used
a blank paper to illustrate and visualise how degrees work, while also simulating through
the DPL-track (see Figure 10). During that moment, Mr. AG. monitored the other students.

Mr. AW.: “What are you looking for? Turning your avatar around? [grabs a piece of
paper]. ( . . . ) So your avatar is standing there and the arrow is pointed downwards.
[Indicates movements of the avatar on the computer screen] What should he do now?
[student answers that the avatar should turn a quarter] Yes, clockwise, so that he will be
standing like this and then you want him to move forward to there. [Draws the movement
and draws degrees]. ( . . . ) Yes, but we want him there, what should we do? ( . . . )
[points to the code and simulates some degrees]. ( . . . ) Yes, well done, L!”
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Table 5. Reflection on personalisation strategy by Mr. AG and Mr. AW.

Reflection on Personalisation Strategy Based on the Observation (O) and/or Interview (I)

Target (O)

The target that is being personalised—by both the DPL-track and the teacher—is instruction
regarding degrees in codes to make avatars turn around in the coding environment FTRPRF. Coding
with degrees (e.g., turn a quarter to the left = −45◦) is one specific element that students need to
master before moving on to more difficult parts of the learning track.

Method (O&I)

The personalisation was provided by the teacher: the student did not understand an
instruction—which was provided by the DPL-track—on coding with degrees. Therefore, the teacher
decided to personalise instructions while using the DPL-track to simulate and visualise what
happens when degrees change. At the same time, he gave an introduction on degrees while drawing
angles and degrees on a piece of paper.
Mr. AG.: ”I gave some more instructions on a piece of paper. ( . . . ) I explained some maths, for example, I
drew a triangle consisting of 180 degrees to calculate how far the avatar would turn. ( . . . ) I like to link their
knowledge by visualisations. [pretending to give an explanation to a student]” this is how it looks on paper and
this is what it looks like on your screen.”

Time (O&I)

The personalisation happened during the student–technology interaction. Mr. AW. decided to
personalise instructions when the student asked a question about degrees within coding.
Mr. AG.: ”( . . . ) walking around, you see what students are working on. You notice, for example, that they
are still working on the same exercise if you pass by a second time. ( . . . ) And then you can ask if everything is
okay. ( . . . ) Because if they indicate that they are doing fine, then I leave them working at their own pace. If
not, then I will try to help them.”

Source (O)
The teacher provided personalised instructions while interacting with one student who lacked
programming skills/knowledge about degrees. Nonetheless, the same personalisation strategy was
repeated during one-on-one interactions with other students who lacked the same skills/knowledge.
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C. Teacher—technology interaction: How did the relationship take form?

At the beginning, both teachers were rather hesitant about the technology-driven
personalisation. They told students to ignore the results of the first vantage point so
that everyone would go through the same track. When only three students (who had
programming experience) were offered a more difficult track, the teachers decided to
follow the DPL-track anyway. Apart from that hesitation, both teachers were positive
about the DPL-track. They explained that it created more opportunities for them to coach
students. Mr. AG. also mentioned there was more time for technical support. Apart
from the technology-driven personalisation, both teachers further personalised instruction,
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feedback, support, etc., whenever needed. There was little interaction between teachers
when it came to their personalisation strategies. Mr. AW. often personalised for didactical
reasons, while Mr. AG. often personalised for technical reasons. They both engaged in
divergent and convergent personalisation approaches: they did not expect every student
to reach the end but found it important that every student performed the same tasks (see
hesitation adaptivity in the beginning). Regarding dashboard use, they acknowledged the
value, but did not put it into practice. They explained that they preferred to look at “live”
progress in the classroom.

Mr. AW.: “( . . . ) In the beginning I explained to the students that we would like them
all to go through the entire track ( . . . ) I feared that some students would cheat on the
vantage point by guessing answers and would therefore -unrightfully- move too far up the
track. ( . . . ) They should have a little input, but they should also bear the consequences
of that.” ( . . . )

Mr. AW.: “We immediately took on the role of coach.” ( . . . )

Mr. AG.: “Also the role of technician supporter.” ( . . . )

Mr. AW.: “The DPL-track was very useful with regard to differentiation because students
could work at their own pace.”

4.1.4. Case 4—Mrs. J. and Mr. C.

A. Description of how the teachers implemented the tool

Mrs. J. and Mr. C. started the lesson with an extensive plenary introduction (explained
the goals and how to use the DPL-track). They proceeded the plenary introduction with an
offline programming task to explain basic principles: One teacher acted as a robot that sat
in front of a desk with kitchen supplies and needed a command to make a sandwich. The
other teacher assisted by reading students’ commands aloud. After the roleplay, the teach-
ers deployed the DPL-track as a standalone tutor in combination with teacher-enhanced
personalisation through many (one-on-one) interventions. Both teachers provided per-
sonalisation regarding technical and didactical matters. There was interaction between
the teachers when it came to their personalisation strategies. Mrs. J. opened the dash-
board twice: to check whether everyone succeeded to open the learning track and to check
whether a student unrightfully skipped forward through the learning track. At the end of
the lesson, the teachers provided a reflection moment using evaluation forms. The students
were asked to think about what they learned and evaluate how well they solved the tasks.

B. Vignette: Reflection on personalisation strategy

The personalisation strategy that will be analysed more in-depth (see Table 6) hap-
pened during two teacher–student interactions. It started with Mrs. J., who provided
personalised instruction to help a student with setting up a coding environment. At the
same time, Mr. C. initiated personalised instructions on how to make an avatar navigate.
As Mrs. J. preferred to take over from Mr. C., they switched places and personalisation
strategies (Figure 11A). Mrs. J. explained how avatars can turn by means of visualising the
movement, while simulating the navigation with the DPL-track (Figure 11B). She asked
questions to make sure the student understood it and repeatedly used the DPL-track to
strengthen her instructions.

Mrs. J.: “[To the student] Wait, which task are you working on? You are setting up
Minecraft? [To Mr.C.] Can you help with Minecraft? [Goes to the student that Mr.
C. was helping] What is the goal of the task? [She lets the student think and helps]
Your avatar has to follow that path, but you may only use those two blocks [points to
‘forward’ and ‘turn a quarter clockwise’ block]. All right, the avatar is standing like this
now [mimics how the avatar is standing]. He can turn to the right [mimics how to turn
right]. He has to go from this point to that point. What does he need to do first? [Student
answers the question]. Let’s test this. ( . . . ) The avatar stands like this now [mimics how
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the avatar is standing] and he has to go there. Turn, you say turn? And then go straight?
[mimics what happens if she turns once and goes straight] We will test it again!”

Table 6. Reflection on personalisation strategy by Mr. C and Mrs. J.

Reflection on Personalisation Strategy Based on the Observation (O) and/or Interview (I)

Target (O)

The target that is being personalised—by the teacher—is instruction regarding the coding of
navigation using blocks (e.g., forward, turn right, turn left). Coding with blocks is the base of visual
programming that students need to master before moving on to more difficult parts of the
learning track.

Method (O&I)

The personalisation was provided by the teacher. The student did not understand the
instruction—which was provided by the DPL-track—on coding navigation of an avatar with blocks.
Mr. C. initiated personalised instruction. However, Mrs. J. wanted to switch places with Mr. C. and
take over from him, because she was helping a student with the set-up of a coding environment and
she believed that Mr. C. is better at explaining such technical details. Mrs. J. continued the
personalised instructions concerning navigation by using the DPL-track to simulate and visualise
navigations. At the same time, she provided additional visualisation by imitating the avatars’
navigation.
Mrs. J.: “Yes, we are one team, right! ( . . . ) I also have difficulties with it sometimes, for example, when
adjusting the keyboard settings. I already forgot again what the right keys are.” ( . . . ) Yes, indeed, yes visual
instructions! I always did that to explain how the avatar turns. ( . . . ) Mr. C.: “The students are very weak
when it comes to the language. So we tried to explain them in a different way. ( . . . ) Mrs. J.: “Yes, read the
task with them together and literally show them what it means.”

Time (O&I)
The personalisation happened during the student–technology interaction. Mrs. J. and Mr. C. decided
to personalise instructions when students asked them questions regarding (a) the set-up of a coding
environment and (b) the navigation of an avatar.

Source (O)

Both teachers’ personalisation strategies include one-on-one interactions with students who lacked
programming skills/knowledge about navigation. Nonetheless, the same personalisation strategy
was repeated during one-on-one interactions as other students lacked the same skills/knowledge.
Furthermore, they explained that they also keep an extra eye on “weaker” students who are
additionally struggling with the Dutch language or technology.
Mrs. J.: “You have to support them from the beginning: read together, point to the screen, ask questions. Some
of our students just need a lot of guidance. ( . . . ) Some struggle with the Dutch language. ( . . . ) Others are
not used to technology.”
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C. Teacher–technology interaction: How did the relationship take form?

Mr. C. and Mrs. J. both liked technology-driven personalisation. They explained
that they enjoyed acting more like supervisors and coaches. They both offer additional
personalised instruction, feedback, support, etc., where needed. While doing so, Mrs. J.
and Mr. C. often consulted each other. They both engaged in a divergent personalisation
approach: students were not required to finish the learning track. They could work at
their own pace and according to their own difficulty level. Regarding dashboard use, both
teachers acknowledged the value, but did not put it into practice a lot. They explained they
missed detailed information.

Mrs. J.: “It was easy that there was instant differentiation. That you do not have to take
care of it yourself and that you do not have to keep students waiting.” ( . . . )

Mr. C.: “Yes, in the meantime I could support where needed and respond to the problems
that arose.” ( . . . ) “We guided the student through the personalised learning experience
which is provided by the DPL-track. We did not have to be the typical ‘tutors’ who teach
or explain everything.” ( . . . )

Mr. J.: “I always find it interesting to follow up on the learner’s process. But I think it
[referring to the dashboard] was not clear enough. You could not follow the students in
detail. You could not see how long someone was working on the same task. I missed that.”

4.2. Section Two: Cross-Case Analysis
4.2.1. RQ1: Operationalisation of Teacher-Enhanced Personalisation while Using
a DPL-Tool

In sum, all teachers deployed the DPL-track as a standalone tutor in combination with
teacher-enhanced personalisation. However, while using the same tool, not all participants
operationalised their own personalisation strategies the same way.

Regarding the target of personalisation, most teachers focussed mainly on personal-
ising instructions related to specific content (see case 1: dimensionality; case 3: degrees,
case 4: navigation). In one case, the teacher focussed more on personalised feedback while
using the dashboard as a source (see case 2: feedback on students’ learning pace and
mistakes made).

Regarding the method of personalisation, most cases used the DPL-track to strengthen
additional teacher-driven personalisation (see case 3: explaining degrees through visualis-
ing angles on a piece of paper and simulating by using the Minecraft’s code builder; case 4:
explaining navigation through imitating movements and simulating them). In one case (see
case 1) technology-driven personalisation (based on the student’s preference, additional
information on coordinates was provided) was followed by additional personalisation of
the teacher who relied on the DPL-track (explaining dimensionality through visualising
with a crafted box and simulating by using the Minecraft’s code builder). A difference can
also be noticed in the two co-teaching cases: in one case, the two teachers communicated to
provide and share personalisation; in the other case, there was little-to-no communication
when it came to personalisation.

Regarding time of personalisation, a similarity can be noticed across all cases: teachers
personalise while students are using the tools. Triggers to initiate personalisation are when
students ask them questions or when they observe students struggling on the same thing
for a while. One teacher decided to prepare personalised support before the student–
technology interaction (see case 1: preparing a crafted box at home as she estimated the
coordinates to be too difficult).

Regarding the source of personalisation involved in the learning process, most teachers
personalise for one specific student by engaging in one-on-one interactions. Two teachers
explicitly stated that they keep an extra eye on specific students to further personalise
instructions or feedback (see case 2, in which Mrs. R followed up on students who are,
according to her, easily distracted; case 4: Mrs J. and Mr. C follow up on students struggling
with the Dutch language or the use of technology). What can be noticed in most cases is
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that some personalised instructions are repeated multiple times for different individuals,
instead of grouping students together.

4.2.2. RQ2: How Does the Teacher–Technology Nexus Take Shape?

In all cases, the DPL-track was implemented as a primary tutor. Teachers mostly acted
as a secondary tutor, some intervening more than others (see resp. case 1 and case 2) to
personalise instruction, feedback, support, etc. The technology-driven personalisation was
positively perceived by all teachers. Most teachers said it provided them some more time
during the course. While some teachers trusted the DPL-track completely (see case 2: while
the DPL-track provided the learning experience, the teacher did some administration),
others were not comfortable giving it full control (see case 3: the teachers were in doubt
whether or not students should follow the learning trajectory as proposed by the DPL-
track). The implementation of the DPL-track led to a mixture of convergent and divergent
personalisation. With respect to dashboard use, in three cases there was little to no usage
due to time constraints and low usefulness (too simplistic). Only one teacher (see case 2)
used the dashboard frequently to regulate the learning process of specific students.

Taken together, the results provide a basis for reflection concerning the teacher–
technology interaction. Figure 12 depicts a proposal for a continuum as a base to guide
this reflection.
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While the DPL-track provided the same technology-driven personalisation across all
four cases, the teacher-driven personalisation varied significantly. This variation in teacher–
technology interactions can be depicted by a continuum comprising five interlinked phases
(see Figure 12): Phase one consists of full teacher control, i.e., the teacher dominates the
personalisation by blocking all technology-driven personalisation. In this study, none of the
cases presented such behaviour. In phase two, some technology-driven personalisation is
accepted; however, the teacher still has the greatest share in the personalisation of learning.
If in case 3, Mr. AW and Mr. AG would have chosen to disable the first vantage point
(prior-knowledge quiz) and let everyone start in the beginning of the learning track, they
would have been situated in this phase. However, although that was their initial plan, they
changed their minds and, consequently, their instructional approach cannot be situated
within this phase (but in phase four, see further). Phase three consists of an equal divide
between teacher-driven personalisation and technology-driven personalisation. Case 1
leans closely to this phase as not only the DPL-track provided personalised instructions on
coordinates, but also the teacher. The teacher-driven personalisation took shape as Mrs. S.
relied on the DPL-track and her own expertise. In phase four, the technology is a primary
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provider of personalisation, while the teacher provides secondary personalisation. Cases 3
and 4 lean towards this phase because they entrusted the DPL-track with personalising
students’ learning experience and supported students who needed additional help (e.g.,
difficulties while setting up a coding environment, coding navigation of avatars, coding
degrees). Phase five consists of full technology control, i.e., the teacher does not provide
any additional personalisation. At some moments, case 2 leaned close to this phase as
she was invested in catching up on administrative work instead of catching up on the
students’ learning.

Given phases two, three and four consist of shared personalisation, these interactions
can be seen as forms of teacher–technology nexus. The more teachers and technology work
together (synergy) to personalise, the stronger the nexus.

5. Discussion

The goal of this study was to explore two research questions: (RQ1) what personalisa-
tion strategies are enacted by teachers while implementing a DPL-tool for programming?
and (RQ2) how does the teacher–technology interaction take shape? Findings of this study
show that, while the implemented DPL-track provided the same personalisation, teachers
enacted personalisation strategies in various ways (RQ1): teachers mostly personalised
for one specific student by engaging in one-on-one interactions after (a) students ask them
questions, (b) they observed students working on the same task for a longer period of
time or (c) they expected difficulties from their own experience. In doing so, most teachers
worked together with the DPL-track to provide additional personalised instructions and
feedback (e.g., visualising learning material while simultaneously simulating through the
DPL-track). Differences were noted especially in dashboard-use: one used it to monitor
students’ learning processes, while others chose to ignore it. With regard to the teacher–
technology interaction (RQ2), all teachers perceived the technology-driven personalisation
as a positive value. Most teachers said it provided them with more time to coach students.
While some teachers trusted the DPL-track completely, others were not comfortable giving
it full control. Differences in the teacher–technology interaction can be visualised on a
continuum, ranging from full teacher-driven personalisation to full technology-driven
personalisation. When the technology and the teacher meet in the middle and are both in
control over the personalisation, a teacher–technology nexus emerges. In the next section,
we reflect on this new concept.

5.1. Tinkering the Teacher–Technology Nexus

A new concept being tinkered in this study, is the teacher–technology nexus. The
concept is used to describe a teacher–technology interaction, comprising shared control,
which creates an added value regarding personalisation that would not be possible if the
two would act separately. It is clear that the nexus is not static but dynamic as different
forms of teacher–technology nexus could be observed within different cases: one example is
the use of the technology during teacher-driven personalisation as an additional support. In
this study, the first case comprises technology-driven personalised instructions (additional
information concerning coordinates) complemented with teacher-driven personalised in-
structions (additional visualisations via a crafted-box) for which the teacher additionally
relied on the DPL-track (simulations in the 3D-coding environment). Another example
is the use of technology to support decision-making prior to initiating teacher-driven
personalisation. This is often the case with dashboards that visualise ‘unobtrusive’ data
(such as academic performance, learning process, etc.) and can therefore be vital sources of
information for the teacher to further monitor, understand and improve students’ learning
processes. Dashboard use as a basis for additional teacher personalisation is a specific
form of the teacher–technology nexus that has gained interest in research (see [8,20–22,26].
Although such a teacher–technology nexus is promising, dashboards are not always used
as intended [34]. In this study, only one teacher used the dashboard excessively to follow
up on students’ progress and mistakes, but instead of relying on data to provide subse-
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quent personalised instructions, her personalisation strategy remained rather superficial
(verbal feedback on students’ progress). Similar findings are reported by Gauthier and
colleagues [34], who found that their dashboard was either unused or used for summative
instead of formative feedback. The latter was also the case in our study, as one teacher used
the dashboard to grade students instead of providing them with additional instructions.
A final example is the change in teachers’ roles due to the use of technology. This form
of the teacher–tool nexus also gained interest in research (see [3,5,6]): If tools take over
repetitive tasks (e.g., personalised feedback, personalised content), then possibilities are
being created for the teacher to take up otherwise unachievable tasks (e.g., more time for
additional personalisation based on students’ needs, additional reflection opportunities).
In this study, all teachers appraised their changed roles (e.g., coaches, supervisors) due to
the use of the DPL-track.

These three forms of the teacher–technology nexus are not exhaustive as additional
observations, comprising different teachers and classroom contexts, will not only add
details to aforementioned forms but will also indubitably reveal new forms—especially
since technological possibilities are continuously growing.

5.2. Reflecting on Implications and Limitations

The findings of this study have some implications for research in the field of DPL.
It can be concluded that technology has the potential to strengthen teachers and their
practices. This contributes to the ‘augmentation’ movement in the field of DPL [8]. The
findings show similarities with recent studies: for example, they formed the base to create
an adapted version of Molenaar’s six levels of automation model [8]. The main differences
between both models are that in our case, (1) the tool (DPL-track) remains constant and
(2) there is a specific focus on personalisation. Nevertheless, the similar conclusion can be
drawn that the teacher–technology interaction can vary greatly, but now solely depends on
teachers’ implementations strategies of technology.

Findings also contribute to implications for the educational field: they acknowledge
that teachers are important as they (either negatively or positively) influence the technology-
driven personalisation and, therefore, also impact the potential of the teacher–technology
nexus. For example, one plausible caveat depicted by a case in this study, is the over-
reliance on technology. Opposed to over-reliance, Pflaumer and colleagues [35] refer to
teachers who do not see the benefits of DPL-tools, nor the potential, or find it hard to
understand and implement. Nonetheless, it should also be acknowledged that equally
distributed teacher–technology-driven personalisation is not always nor in every context
beneficial. For example, some DPL-tools are still too simplistic and unreliable to personalise
students’ learning [21]. In sum, when integrating new DPL-tools in education, it is of
utmost importance to consider teachers’ needs and experiences, instead of starting from the
technology [15]. As findings of this research comprise teachers’ behaviour independent of
any external influences, our study can be a starting point for future research that reflects on
good practices and didactic principles that are essential for future teacher training programs
on the use of DPL, as well as the impact of training on teachers’ personalisation strategies.

Notwithstanding the strengths of this study, some limitations need to be acknowl-
edged. Due to the small sample size, caution must be applied as generalisability is rather
limited. To ensure generalisability, heterogeneity of cases as well as richness of interviews
and observations were considered. Nevertheless, future research is needed to validate the
findings of the study. In addition, the observational design does not allow for internal valid-
ity, nor does it contribute to research on the effectiveness of students’ learning. The scope
of this study is limited to teacher-driven personalisation strategies in order to investigate
how DPL tools are employed by teachers. Therefore, an additional limitation is that the
student perspective and the teacher–student interaction were not considered. Accordingly,
future research is needed to add student perspectives to the notion of DPL in the classroom.
Some research outlooks could be the investigation of (a) how students perceive their own
learning process using a DPL tool, (b) how students use the DPL tool to further personalise
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their learning process and (c) change in the teacher–student interaction due to the use of a
DPL tool.

6. Conclusions

This study contributes to the ‘augmentation’ movement in the field of DPL, which
states that technology can strengthen teachers and their practices, instead of replacing
them. Results especially show that teachers matter when students’ learning process is
being personalised while a DPL-tool (DPL-track) is being implemented. The theoretical
contributions of this study (a teacher–technology interaction continuum comprising the
teacher–technology nexus) build on other frameworks (see the six levels of automation
model by Molenaar, [8]), but specifically emphasises that personalisation strategies of
teachers may differ, even if the technology-driven personalisation remains fixed.
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Appendix A

Semi-structured interview guide
Part one: questions about views on implementation of the DPL-track

• How was it to implement the DPL-track into your classroom? In case of co-teaching,
did you experience this differently or the same?

Part two: questions related to the teacher–technology interaction

• How do you describe your role in the classroom during the implementation of the
DPL track? Do you feel you take on a different role when teaching without a tool that
personalises learning? In case of co-teaching, are there differences in experience? Did
you divide the roles? Are you used to co-teaching?

• Did you experience advantages or disadvantages relative to your role(s) as a teacher
when using the adaptive tool?

• How do you describe the relationship between you and the tool? In case of co-teaching,
did you experience this differently or the same?

• Do you have any suggestions for strengthening the relationship between (1) teachers
and (2) tools for personalisation?

Part three a: questions related to personalisation strategies
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• As you know, the DPL-track holds vantage points to facilitate personalisation (adapt-
ing learning tracks to students’ performances and preferences). Did you feel like
the personalisation within the tool met your expectations? Are there other forms of
personalisation that you would find more interesting?

• We saw there were some moments where you decided to facilitate additional person-
alisation. Can you reflect on such moments? When did you feel like doing this? We
will reflect on these moments together using four words: target, method, time, source.

Part three b: Questions related to personalisation strategies—specific moment
(In this part of the interview a specific moment was chosen to reflect upon, using the

reflection words.)

• Let’s take a look at a moment of personalisation in more detail. I would like to
discuss your personalisation strategy while using the tool. We will reflect again, using
the reflection words. I will first give a description of the personalisation strategy
accompanied with a picture and then we can talk about what happened and what you
were thinking at the moment.

Part four: questions related to the dashboard

• Did you interact with the dashboard during the lesson? If yes, what impact did this
have on your (a) didactic actions and (b) reflection on student learning?

• Did you check the dashboard in between the two observations? If yes, did you
take additional actions based on this consultation to prepare for the second part of
the lesson?

• Let us briefly review the dashboard usage during the lesson in detail. If you used it
for additional personalisation, please reflect on it using the reflection words.
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