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The ability to direct pupils’ attention to relevant information during the
experimental process is relevant for all science teachers. The aim of this article
is to investigate the effects of training the ability of prospective physics teachers
to direct attention during the presentation of experiments with eye tracking
visualizations of pupils’ visual attention as a feedback tool. Many eye tracking
studies in the field of learning use eye movement recordings to investigate
the effectiveness of an instructional design by varying cues or the presentation
format. Another important line of research relates to study the teacher’s gaze
in a real classroom setting (mobile eye tracking). Here we use eye tracking
in a new and innovative way: Eye tracking is used as a feedback tool for
prospective teachers, showing them the effects of their verbal moderations
when trying to direct their pupils’ attention. The study is based on a mixed
methods approach and is designed as a single factor quasi-experiment with pre-
post measurement. Pre- and post-test are identical. Prospective teachers record
their verbal moderations on a “silent” experimental video. The quality of the
moderation is rated by several independent physics educators. In addition, pupils’
eye movements while watching the videos are recorded using eye tracking. The
resulting eye movements are used by the lecturer to give individual feedback to
the prospective teachers, focusing on the ability to control attention in class. The
effect of this eye tracking feedback on the prospective teachers is recorded in
interviews. Between the pre-test and the post-test, the results show a significant
improvement in the quality of the moderations of the videos. The results of
the interviews show that the reason for this improvement is the perception of
one's own impact on the pupils’ attention through eye tracking feedback. The
overall training program of moderating “silent videos” including eye tracking as
a feedback tool allows for targeted training of the verbal guidance of the pupils’
attention during the presentation of experiments.

silent videos, eye tracking, feedback, directing attention, self-perception, verbal cues
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1. Introduction

1.1. Directing attention

1.1.1. Learning and the role of paying attention
The Cognitive Theory of Multimedia Learning (CTML) is
based on three assumptions that are known as the cognitive
principles of learning. The first principle is that multimedia
learning takes place via a visual and an auditory processing
channel. The second is that both channels have a limited capacity.
Accordingly, learners can only process a certain amount of
information per channel at the same time. The last is the principle
of active learning. It states that learning takes place through
cognitive processes (Mayer, 2014). Mayer (2014) identifies five
cognitive processes: (1) selecting relevant words, (2) selecting
relevant images, (3) organizing the selected words into a coherent
verbal representation, (4) organizing the selected images into a
coherent pictorial representation, and (5) integrating the pictorial
and verbal representations and prior knowledge. The selection
of words or images implies that learners pay attention to the
information presented (Mayer, 2014). With regard to attention,
a distinction is made between visual attention, auditory attention
and other forms that are not relevant here (see Amso, 2016).
With the help of “silent videos,” we want to investigate the ability
of prospective teachers to direct pupils’ visual attention through
speech. Therefore, only visual and auditory attentions are relevant.

e Visual Attention. Lockhofen and Mulert (2021) further specify
the role of attention in the learning process. They define:
“Visual attention is the cognitive process that mediates the
selection of important information from the environment.”
(Lockhofen and Mulert, 2021, p. 1).

e Auditory Attention. “It is well-known that stimulus-focused
attention improves auditory performance by enabling one to
process relevant stimuli more efficiently” (Folyi et al., 2012,
p- 1.

Another distinction is the trigger that activates attention.
Katsuki and Constantinidis (2014) distinguish between bottom-
up attention and top-down attention. Bottom-up attention is
an externally induced process. The information to be processed
is selected automatically. Top-down attention is an internally
generated process. The information is actively sought out based
on self-selected factors (Katsuki and Constantinidis, 2014). The
reasons for the attention diversion are different for bottom-up and
top-down. However, their effects are similar. In both attentional
processes, objects are processed preferentially. In both cases, a
stronger neural response follows, which can induce better storage
in memory (Pinto et al,, 2013).

Therefore, both forms of attention may be of interest for
teaching. The bottom-up process is a stimulus-driven process (Pinto
et al., 2013). So, it could be specifically triggered by signals or cues
to direct visual or auditory attention to relevant information. The
top-down process is influenced by prior knowledge (Lingzhu, 2003;
Lupyan, 2017) or previous experience (Addleman and Jiang, 2019).

1.1.2. Controlling attention through cueing
Cues are often defined as content-free information that is
intended to direct attention and thus support cognitive processes
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(Hu and Zhang, 2021). Spotlights (de Koning et al., 2010; Jarodzka
et al., 2013), color changes (e.g., Ozcelik et al., 2010) and arrows
(Kriz and Hegarty, 2007; Boucheix and Lowe, 2010) are good ways
of directing visual attention. However, cues often differ greatly,
and not only in how they appear, when they appear, or what they
look like. The classical categorization by modality (e.g., auditory
or visual) does not do justice to this fact. One category that has
received little attention so far is the question of the content richness
of the cues (Watzka et al., 2021), which by definition should be
absent. However, in many classic examples, such as the label, it is
present. A label therefore has a different quality than a spotlight,
which is only intended to direct attention. In this study, only verbal
cues are used, which can be offered with or without content. For
example, one can direct attention (“Look to the left!”), another can
help with specific details (“the wooden block is an opaque object”).

In meta-analyses regarding different subject areas, Richter et al.
(2016), Schneider et al. (2018), and Alpizar et al. (2020) confirm
the positive effect of the cueing principle on learning especially for
novices. The analysis of Richter et al. (2016) includes 27 studies.
Their main finding is that cues have a positive effect on learning
performance with small to medium effect sizes and that especially
learners with low prior knowledge benefit from cues. The analysis
by Schneider et al. (2018) includes 103 studies and also includes
eye tracking data. In summary, they also confirm the beneficial
effect of cueing on learning success. In addition, attentional cues
with small to medium effect sizes seem to induce longer learning
times in general and longer gaze durations on relevant information
in particular (Schneider et al., 2018). The mean gaze duration can
be attributed to the cognitive process of organizing the CTML
(Alemdag and Cagiltay, 2018) and indicate the degree of mental
effort (Jarodzka et al., 2015). Ozcelik et al. (2010) interpret long
mean gaze duration as more demanding tasks and correspondingly
higher mental effort. Cues lead to longer viewing of the information
addressed by the cues in learning materials than in learning
materials without cues (Boucheix and Lowe, 2010; Ozcelik et al.,
2010; Glaser and Schwan, 2015; Xie et al., 2019).

In a predominantly image-based learning material such as
videos, verbal cues in particular have a positive effect on visual
attention and learning success (e.g., Glaser and Schwan, 2015). An
explanation for the better suitability of spoken text compared to
written text can be found in CTML (Mayer, 2014). Due to the
limited capacity of the processing channels, it makes sense to use
additional resources of the auditory processing channel and thus
follow the modality principle (see section “1.1.3. Modality principle
and learning with experimentation videos”).

1.1.3. Modality principle and learning with
experimentation videos

The modality principle generally means that it is beneficial for
learning if the text which accompanies graphics is spoken instead of
written. Among other things, the modality principle has a positive
effect on visual attention, because there is no split-attention effect
to worry about (Schmidt-Weigand et al., 2010). In a predominantly
image-based learning material (e.g., videos), spoken texts (e.g.,
moderations) in particular have a positive effect on visual attention
and learning (Glaser and Schwan, 2015).

In a meta-analysis comprising of 43 studies which cover a vast
spectrum of subjects and visualizations, Ginns (2005) confirms
the modality effect with a medium effect size and shows that
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learning materials with visualizations and spoken texts generally
lead to better learning outcomes than learning materials with
visualizations and written texts.

The beneficial learning impact of the modality effect is
explained by a more effective use of working memory capacity
(see section “1.1.1. Learning and the role of paying attention”).
Accordingly, more cognitive resources can be used for processing
the learning content and learning performance increases (Sweller
et al,, 2011). When demonstrating experiments in class, teachers
automatically use their voice as their main tool of communication.
They automatically give verbal cues, some of which are content-
related (e.g., mentioning the function) and some of which control
attention (e.g., mentioning a surface feature). The question is
how do prospective teachers learn to control the attention of
their pupils? This paper is about fostering prospective physics
teachers to guide their pupils in selecting relevant information
by controlling bottom-up visual attention during experimentation
through verbal cues. The control of visual bottom-up attention in
this study is done via the cueing principle (verbal cues) since this
technique can be applied without effort to classroom practice when
teachers present experiments. Support for prospective teachers
provides a special feedback format, which is theoretically classified
subsequently.

1.2. Feedback

1.2.1. Definition and phases

“Feedback is information provided by an agent regarding aspects
of one’s performance or understanding” (Hattie and Timperley, 2007,
p.81). Focusing especially on learners, Shute defines feedback as
“information communicated to the learner that is intended to modify
his or her thinking or behavior for the purpose of improving learning”
(Shute, 2008, p.153). Feedback thus shows the gap between the
target and the current state and should enable the recipient to
recognize and close this gap. In this study, the presentation of
pupils’ gaze behavior is intended to provide feedback and to
help prospective teachers become aware of their ability to control
attention. The three classic feedback phases described in the
literature occur, namely, (Wisniewski et al., 2020):

e “Feed-up” (comparison of the actual status with a target status)
Students and teachers get information about the learning goals
to be accomplished: By watching the gaze overlays of their
first moderation (pre) the prospective teachers got information
about how the pupils reacted to their moderation of the video.

e “Feed-back” (comparison of the actual state with a previous
state) Students and teachers see, what they have achieved in
relation to an expected standard or previous performance: By
watching at the gaze overlay of their second try, the prospective
teachers could see what they have achieved relative to their
first performance.

e “Feed-forward” (explanation of the target state based on the
actual state), Students, and teachers receive information that
leads to an adaption of learning in the form of enhanced
challenges: After analyzing both moderations, the prospective
teachers became aware of the positive skills they should
develop, and the mistakes they should avoid in the future.
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In general, feedback is considered a very powerful tool.
Wisniewski et al. (2020) obtain an average effect size of 0.48 in
a meta-analysis. However, feedback does not per se lead to better
learning outcomes. Kluger and DeNisi (1996) note that about one
third of feedback results in negative learning effects. However,
learning depends on a variety of different influences (Hattie, 2021),
so there is no standardized way to use feedback. What helps one
student today may not help another. Tomorrow, the same feedback
may have the opposite effect or no effect at all (Hattie, 2021).
How feedback is received depends not only on the form in which
it is given, but also on a variety of factors about the recipient
(Shute, 2008). For example, important factors are the recipient’s
self-assessment and experience of self-efficacy (Shute, 2008).

1.2.2. Levels and forms of feedback

To understand the effectiveness of feedback, one must first be
aware of the different levels that feedback addresses (Hattie and
Timperley, 2007). Firstly, feedback works at the task level (FT). Is
the answer on the task wrong, or right? Second, feedback addresses
the process level (FP), i.e., information about the process, how to
deal with the task and/or how to understand it. Thirdly, feedback
works on the self-regulation level (FR), where the learner checks,
controls, and self-regulates his or her processes and behavior.
Finally, feedback also provides feedback on the so-called self-level
(FS), where positive (and negative) expressions and evaluations
about the learner are expressed (Hattie and Timperley, 2007). Eye
tracking feedback on your own moderation should ideally trigger
the task and process level.

The level of feedback addressed depends largely on the form
in which it is given. Different authors distinguish between written,
computer aided, oral, pictorial, etc., according to the medium, or
according to the content, for example, formative tutorial (Narciss
and Huth, 2006) or actionable (Cannon and Witherspoon, 2005).
A detailed description of the different forms can be found in Hattie
and Timperley (2007) and Wisniewski et al. (2020). By watching
the gaze overlays of individual moderated videos, we concentrate
on a certain form of visual and auditive feedback (see section “1.2.5.
Eye tracking as feedback tool” and section “3.2.1. Pre-test, first eye
tracking feedback and pre-interview”).

1.2.3. Feedback directions/student feedback

Much of the research describes forms and effects of feedback
on the learner. Recently, feedback as feedback from the learner
to the teacher has received more attention (Rollett et al., 2021).
The focus here is on the question of the extent to which pupil
feedback affects the quality of the teacher’s teaching and thus
improves the pupil’s learning success. The question is to what extent
pupil feedback is reliable and valid, but recent studies show that
pupil feedback provides teachers with valid information about their
teaching quality (Rollett et al., 2021). In this study, training with
pupils’ gaze overlays should provide valid information for feedback,
especially since the pupils provide this feedback without their own
knowledge.

Rohl et al. (2021) describe in the “Process Model of Student
Feedback on Teaching (SFT)” a circuit diagram of how pupil
feedback affects the teacher. The process begins with collecting and
measuring pupil perceptions, which are then reported back to the
teacher. The teacher interprets this feedback information, which
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stimulates cognitive but also affective reactions and processes in
the teacher. This information can increase the teacher’s knowledge
about his teaching and thus trigger a development to improve
his own teaching, so that in the following the learning success of
the pupils can increase again. By giving the prospective teachers
feedback information about their moderations we assume that the
development will be triggered to better direct the attention of
pupils.

1.2.4. Eye tracking as feedback tool

The use of eye tracking as a feedback tool in education
has recently been increasingly emphasized in various disciplines
(e.g., Cullipher et al., 2018). Eye movement recordings have been
used to analyze and optimize the effectiveness of the design of
learning materials (Langner et al., 2022). Mussgnug et al. (2014)
describe how eye tracking recordings as a teaching tool improve
awareness of user experiences with designed objects and how these
experiences can be implemented in design education. Xenos and
Rigou (2019) outline the use of eye tracking data collected and
analyzed to help students improve their design. In contrast to
gaze data of other people looking at specific objects, the gaze of
teachers in real classrooms has also been the subject of various
studies (McIntyre et al., 2017; Stuermer et al., 2017; McIntyre and
Foulsham, 2018; Minarikova et al., 2021). In addition to using the
gaze data of others, one’s own gaze can also be used as feedback
(Hansen et al., 2019). Szulewski et al. (2019) investigated the
effect of eye tracking feedback on emergency physicians during a
simulated response exercise, presumably triggering self-reflection
processes. Keller et al. (2022) examined the effect of eye tracking
feedback on prospective teachers observing and commenting on
their own gaze during a lesson they were teaching.

We use eye tracking in a different way, somewhere in between
the above: Eye tracking is used as a feedback tool for prospective
teachers, showing them the effects of their verbal moderations
as they try to direct their pupils’ attention, as happens in the
regular classroom.

2. Research question

Directing pupils’ attention during the presentation of an
experiment is crucial to its success. Pupils need to look at the
right time at the right place to make the important observations.
External cues such as speech can influence visual attention (Glaser
and Schwan, 2015; Xie et al., 2019; Watzka et al.,, 2021). The
overall question is how to improve the competence of prospective
teachers in moderating experiments in the classroom. Therefore,
we used the method of moderating “silent videos” to train
prospective teachers’ ability to control their pupils attention.
The particular focus of this method is on verbal cues through
spoken language during the presentation of a video. Based on
the five cognitive processes (Mayer, 2014), one of the main
objectives of an appropriate presentation is to allow pupils to
make the necessary observations, among many other aspects (see
section “3.3.1. Assessment of prospective teachers’ competence in
moderating experimental videos”). To assess this process, the times
when observation tasks are set and when pupils are explicitly given
the opportunity to observe are summarized as “pupil-activating
time”.
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Eye tracking is often used to study how a stimulus affects a
person’s perception. Conversely, visualizations of eye tracking data
can be used to draw conclusions about the observer’s attention and
the effectiveness of cues. By using eye tracking as a feedback tool, we
tried to show prospective teachers the impact of their moderation
of an experimental video on pupils, so that they in turn could draw
consequences for further presentations. This leads to the following
research questions.

RQ: To what extent can training with eye-tracking
visualizations of pupils’ visual attention improve prospective
teachers’ guidance of pupils’ gaze? The following more detailed
questions should be considered.

RQI: Does training with eye tracking feedback help prospective
teachers explain the set-up of an experiment in a way that is
adapted to pupils’ prior knowledge and cognitive and linguistic
development?

RQ2: Does training with eye tracking feedback help prospective
teachers to increase pupils’ activating time?

3. Materials and methods

3.1. Participants

A subsample of 15 physics prospective teachers from a German
(Bavarian) university was selected. They were on average 22.4 years
old (SD = 3.4) and in the 5th semester. Of the participants
two were female and 13 were male. All participants had heard
the experimental physics lectures and an introductory lecture on
physics education with a theoretical introduction to criteria for
setting up and conducting experiments before the study. Thus, all
students had the necessary content and pedagogical knowledge on
the topic of the study.

3.2. Procedure and material

The study uses a pre/post-test design. Between the pre-test and
the post-test, a training phase of several weeks took place for the
moderation of demonstration experiments. “Silent videos” were
used both in the pre- and post-test as a survey instrument and in
the training as learning material. The overall process of the study is
shown in Figure 1.

3.2.1. Pre-test, first eye tracking feedback and
pre-interview

As a pre-test the prospective teachers had to moderate a “silent
video” about core shadows and semi shadows (see Figure 2). The
video is divided into two main parts: a static part showing the set-
up for about 30 s and a dynamic part showing the execution of the
experiment for about 60 s. The video shows a small opaque block
that is illuminated by two sources from different angles. A white
elongated rail serves as a screen on which the different kinds
of shadow can be seen. Everything is recorded from the pupils’
perspective, and it is presented in real time. All activities are shown
as they would normally be done in a live classroom demonstration.
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FIGURE 1

Procedure of the entire study.

FIGURE 2

Screenshot of set-up and execution of the study's experiment. The method of “silent videos" is described in detail by Schweinberger and Girwidz

(2022).

For further information® about the training with “silent videos” (see
Schweinberger and Girwidz, 2022).

The task for the prospective teachers was to moderate the
video appropriately for pupils in their first year of learning
physics in junior high school. The prospective teachers were told
to assume that their pupils had prior knowledge of the model
of the rectilinear propagation of light and the appearance of
cast shadows. The moderation of the videos was evaluated by
four or five raters according to the criteria (see section “3.3.1.
Assessment of prospective teachers’ competence in moderating
experimental videos”).

In the next step, individual feedback was given to the
prospective teachers. For the eye tracking feedback, each video
moderated by the prospective teachers was shown to three
randomly selected pupils of the 7th grade and their eye movements
were recorded using eye tracking. The data from this tracking was
used to create a single gaze overlay video, in which the three gaze
overlays of the pupils were superimposed (see Figure 3). When the
three overlays are superimposed at the same time, it is easier to
see the commonality of the pupils’ responses than when all three
overlays are viewed in sequence.

The feedback took the form of a short, written critique by
the lecturer before the discussion of the gaze overlay video. The

1 For all "silent videos” see: https://www.didaktik.physik.uni-muenchen
de/lehrerbildung/lehrerbildung_lmu/video/
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gaze overlays were used to illustrate to the prospective teacher
the immediate consequences of the criticisms previously made.
In an individual conversation the lecturer and every prospective
teacher watched the video with the gaze overlays together and
discussed the connection between moderation and the pupils’
reactions (e.g., did the pupils look to the area they should and how
long did they stay). For this purpose, the gaze overlay feedback
was stopped at important points to study certain situations more
intensively. If necessary, the gaze overlay feedback was viewed
several times.

Afterward the prospective teachers were interviewed for the
first time by another research assistant. They were asked to what
extent the feedback from the pupils’ views helped them to assess
their own ability to manage their pupils’ attention (see section in
details “3.3.2. Interview and survey guide”).

3.2.2. Training phase

The prospective teachers moderated a total of six videos over
a 10-week period later in the term to build up their skills. Like
the pre-test, in the training phase the prospective teachers had
to moderate “silent videos” of different experiments. To do this,
they had to write their own script in advance, considering the
criteria. In order to train as many facets of a moderation as
possible, three criteria from the catalog (see list of criteria in the
Supplementary Figure 1) were given by the lecturer for each
training video. The main focus was on the development of the

05 frontiersin.org
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FIGURE 3

Video excerpt of the gaze overlay feedback to a prospective teacher's moderation of the shadow video. The colored dots are the gaze overlays of
three different pupils watching and reacting one prospective teacher’'s moderation.

prospective teachers’ ability to direct pupils” attention in a targeted
way. Each of these moderations was analyzed individually in a
small group discussion based on the three pre-defined criteria. In
preparation for these discussion meetings, each prospective teacher
received a brief written critique in advance. Afterward, they had to
set up the respective experiment in the seminar and present it to
their colleagues. Thus, the prospective teachers received verbal and
written feedback from the lecturer and their student colleagues in
the training phase, no further gaze overlays were shown (see section
“6. Limitations”).

3.2.3. Post-test, second eye tracking feedback
and post-interview

After the training, at the end of the term, the prospective
teachers had to moderate the first video about core shadows
and semi shadows from the pre-test for a second time (post-
test). The moderation of the videos in the post-test was also
evaluated according to the criteria (see section “3.3.1. Assessment
of prospective teachers’ competence in moderating experimental
videos”) as in the pre-test.

To generate the second eye tracking feedback, the moderated
videos from the post-test were again shown to three different
pupils and their gazes were recorded. We decided to use different
pupils than in the pre-test, because we expected quite a large
repetition effect. The content was a very simple phenomenon, and
we wanted all pupils to have the comparable prior knowledge. The
resulting gaze overlay videos were produced as in the first feedback
and shown to the prospective teachers visualizing a second short
written critique. In addition, the prospective teachers watched the
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gaze overlay video of their first trial, to discuss the developments
between the pre and post.

The prospective teachers were then interviewed a second time
by another research assistant using the same questions as in the
first interview.

3.3. Assessment

3.3.1. Assessment of prospective teachers’
competence in moderating experimental videos

The criteria were developed over several years from practical
experience and then discussed intensively by five physics lecturers
from the chair of Physics Education at LMU Munich and two
physics teacher trainers. The criteria are subject to constant further
development. Due to the two different parts of the video (static
set-up and dynamic execution), two evaluation schemes had to be
developed (which also were explained to the prospective teachers).

In the set-up, each relevant object had to be described by three
categories of the object in the experiment:

o the location (e.g., “on the left side of the table”),
e two surface characteristics (e.g., “brown, wooden block”), and
e the function (e.g., “provides shade”).

Reading from left to right results in three consecutive
sequences: first the lamps, then the block, and finally the screen. For
each of the relevant objects, the number of mentions was counted.
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General
information

The content of the moderation is not directly related to the experiment.

Description of
action carried out

The moderation describes the action being performed at the same time as the
action shown in the video.

Observation tasks
/ questions

The moderation involves giving tasks or asking questions that lead the
students to observe certain aspects.

Observation time

The phases during the moderation, without any comment from the
prospective teacher, that allow the pupils to make observations on their own.

Explanations

The phases during the moderation, which include explanations from the
prospective teachers on the intended observations to the pupils.

Summary of
observations

Time during the moderation used to summarize what was observed.

Silent time

The phases during the moderation, in which the prospective teachers do not
speak, but the pupils are also left without an observation task or question.

Breathing time

The phases of deep breathing during the moderation. But the moderator was

in action and didn't leave the pupils without a task or a question.

FIGURE 4

Coding scheme for moderating the execution of the experiment. The colors represent the categories.

Different categories were chosen to assess the moderation of the
execution of the experiments (see Figure 4):

The following procedure was used to assess the extent to which
the moderations met the criteria. After adding the prospective
teachers’ audio tracks to the “silent videos,” the different categories
were localized in the timeline and marked by a corresponding,
colored bar. The categories were: general information to the
experiment (blue), description of action carried out (light blue),
observation orders or questions (green), observation time (yellow),
explanations (red), summary of the observations (orange) and time
without content (no color), breathing time (purple). The length of
the bars is proportional to the temporal length of these intervals.
The codes are rated on whether they appear. Then the ratios of the
corresponding intervals to the total length of the moderation of the
execution were calculated. This was done for both moderations of
pre and post-test (see Figure 5).

This, of course, raises the question of the relationship of each
category to each other for optimal moderation. Discussions with
various training teachers and lecturers led to the conclusion that
it is difficult, if not impossible, to define an ideal moderation of
an experiment. Different individual teaching styles and current
classroom situations are too different. We limited ourselves to
the general consensus that a good moderation must give the
pupils the opportunity to make the necessary observations, i.e.,
the pupils must be activated to do these observations. Also, a
good moderation should also not involve explanations, as these
disrupt the observation process, deprive pupils of the opportunity
to think through the process themselves, or become the content of
subsequent lessons. To assess these pupil-activating segments, we
added both observation time and observation orders to the one
total pupil-activating time.

3.3.2. Interview and survey guide

The interview and survey guide included 13 questions, the
eight questions used for this research were the same in pre-and
post-interviews. The prospective teachers’ ratings were recorded
using single items in the form of a 4-point Likert scale (4:
completely agree, “3: agree” “2: disagree, and “1: completely
disagree). To obtain detailed information about their specific
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experiences, an open-ended question about this item was added.
The interview and survey guide contained questions about the
effects of moderating “silent videos” and of getting eye tracking
feedback on their personal learning process (see Supplementary
Figure 2). They should describe how their skills in controlling
attention in particular and in moderating the videos in general had
changed (Q 2). They were also asked about the effects on their
professional language (Q 3, 6) and the consequences for their own
actions in experimentation (Q 7). Another important part of the
interview questions was the prospective teachers’ experiences of eye
tracking as a feedback tool. They were asked how they perceived the
effectiveness of their facilitation on the pupils. A major question
was how eye tracking showed the connection between guiding
(tasks and questions) and the pupils’ attentional response (Q 9,
10, 11, and 12). Finally, the prospective teachers were asked how
they rate their learning progress between the two measurement
points concerning approach, controlling attention through using
language in facilitating experiments (additional question in the
second interview). All interviews were evaluated and analyzed by
two independent persons.

3.4. Eye tracking system

In this study, eye tracking was used as a feedback tool. It is
therefore not a measurement tool to measure an outcome variable,
instead it is a part of the intervention/training. The eye movements
were recorded with an eye tracker. The system used was an Eye
Follower from LC Technology. This system uses four cameras,
two for tracking head motions, and two for tracking the eyes.
The accuracy was less than 0.4° of visual angle. The distance of a
participant to the monitor was between 55 and 65 cm. The video
area has a resolution of 1920 x 1080 pixels and the resolution of
the 24” monitor is 1920 x 1200 pixels. The stimulus was enlarged
to full monitor width and proportionally adjusted in height. The
fixations and saccades were recorded at a sampling rate of 120 Hz
and the discrimination between saccades and fixations was done by
LC Fixation Detector (a dispersion-based algorithm: Salvucci and
Goldberg, 2000).
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FIGURE 5

Timeline with rating of a prospective teacher’'s moderation: at the top the video track, below it the audio track and again below sample codes for the

assignment to the categories.

3.5. Analysis

The moderations of the videos were rated by four to
five independent raters based on the categories (see section
“3.3.1.Assessment of prospective teachers’ competence in
moderating experimental videos”). The raters marked the
beginning and end of each category on the timeline of the videos
and calculated the percentage of time. The interclass reliability
coeflicient (model: two-way mixed and type: absolute agreement)
was used to determine the agreement of the raters.

Dependent samples ¢-tests were used to test whether the mean
speaking times per category differed between the pre-test and the
post-test. The Bonferroni correction was used to counteract the
accumulation of alpha errors by performing each individual test
at a reduced significance level. The significance level of individual
tests is calculated as the global significance level to be maintained
divided by the number of individual tests (4 tests, significance level
a =0.0125).

The interviews were analyzed using qualitative content analysis

according to Mayring (2015). We followed a descriptive approach,
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analyzing the texts with a deductively formulated category system.
We recorded the occurrence of these categories in category
frequencies. The resulting scale has an ordinal scale level, so
the “Cohen’s Weighted Kappa” coeflicient was calculated for
the raters’ agreement. We chose quadratic weights, where the
distances between the raters are squared. This gives more weight
to ratings that are far apart than to ratings that are close
together.

4. Results

The moderation of the set-up was evaluated by four
independent raters. The results of the rater agreement analyses
show an agreement between the four raters of r = 0.799 [95% CI
(0.686, 0.887)].

The moderation of the execution was evaluated by five
independent raters. The value of the inter-rater correlation
coeflicient r = 0.993 shows a very high level of agreement between
the five raters [95% CI (0.991, 0.994); see Cicchetti, 1994].
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TABLE 1 Percentage of items "“introductory sentence”, “hypothesis
mentioned” and “reading direction adhered” mentioned in the
pre- and post-test.

Introductory sentence 43.3% 55.0%
Hypothesis mentioned 10.0% 22.7%
Reading direction adhered 93.3% 86.6%

The interviews were evaluated by two independent raters. The
results of the rater agreement analyses show an agreement between
the two raters of k = 0. 694 and are just above the 5% significance
level [a = 0.068; 95% CI (0.378, 1.010)].

The findings to answer the first research question, namely,
whether eye tracking feedback helps prospective teachers to explain
the experimental set-up in a way that is appropriate for pupils, are
divided into a general and a specific part.

4.1. Set-up: general results

Before looking at the individual objects of the set-up to answer
RQ 1, we will examine the connection of the set-up with the
previous knowledge and the subsequent execution. A total of
43% of the prospective teachers started their first moderation
attempt with an introductory sentence about the topic of the
upcoming experiment, with only two of them really connecting
to the pupils’ prior knowledge. The number of participants who
started with a reasonable introductory sentence increased to 55%
in the post attempt. The number of participants moving from set-
up to execution with a research question or hypothesis increased
from 10 to 23%. In both cases, the low percentage indicates that
the participants were not aware or did not become aware of the
importance of the transition between set-up and execution of
the experiment. With 93%, the overwhelming majority adhered
to the reading direction (from left to right), with virtually all
participants (except one) adhering to the reading direction in

10.3389/feduc.2023.1140272

the post-trial when trying to direct the pupils’ attention (see
Table 1).

4.2. Set-up: specific results

Since the introductory sentence, the link to prior knowledge
and the reading direction do not directly influence the pupils’
visual attention to certain areas. Thus, there is no focusing effect
on the observed gaze overlays; the pupils’ gazes move across the
whole screen and become more focused as soon as the experimental
set-up appears, and the prospective teachers start talking. This
behavior of the pupils didn’t change between the pre- and post-
trial.

After the introductory sentence the numbers of mentions
regarding an object are counted (e.g., location, function
and two surface features, see section “3.3.1. Assessment of
prospective teachers’ competence in moderating experimental
videos”). The mentions for the lamps increased from 56 to
76% (t = —4.636, p < 0.001, Cohens’ |d| = 4.575, n = 15),
those concerning the block from 50 to 71% (¢t = —15.756,
p < 0.001, Cohens’ |d| = 2.926, n = 15) and the screen from
71 to 84% (t = —9.1454, p < 0.001, Cohens |d| = 1.698,
15). The number of mentions increased for all subjects
(see Figure 6).

n

4.2.1. Mentioning “block” (detailed)

A more detailed analysis-here of the description of the
opaque block in the light path—provides further insights: Cues
referring to the location of the block increased from 42 to 75%
applicable mentions, while the description of the block’s function
in the experiment remained at about 33% (two participants who
had mentioned the blocK’s function in the first attempt didn’t
mention it in the second attempt.) Altogether, the function of the
block seems to be too obvious for many prospective teachers to
mention. In the post-attempt, all prospective teachers described
the block with at least one surface feature, with the number of
mentions increasing from 97 to 100%. A total of 77% of them
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mentioned also a second feature, up from 27% in the first trial (see
Figure 7).

4.3. Execution: specific results

A total of 60% of the prospective teachers did not ask any
question or gave any observation order to the pupils in the first
attempt. The same situation resulted for giving the pupils’ time
for observations, where also 60% of the prospective teachers didn’t
leave any time to do so. In the second moderation-after the training
phase and the eye tracking feedback- all prospective teachers gave
observation orders and time to do these tasks.

4.3.1. Activating time

Observation order time and observation time together result
in the activating time. A total of 40% of the prospective teachers
placed observation orders. The average order time increased from
2.5 to 13.7 s, which means an increase of time share from 4.3
to 18.9%. The same development can be seen in the amount
of observation time given to the pupils. A total of 40% of the
prospective teachers gave the pupils time for observations. The
average observation time for all participants increased from 2.8
to 13.9 s, which means an increase of time share from 4.2 to
18.5%. Due to the high number of prospective teachers who did
not give observation orders or time in the pre-trial, the SD is
very high, so that the variance in response behavior is also large.
The time span between prospective teachers activating pupils and
non-activating is very large.

If we restrict ourselves to the participants who gave both
observation order and observation time (n = 7), the following
picture emerges:

The results of the dependent samples ¢-test show a significant
difference with a high effect size between the mean percentage of
activating time before and after moderation training with feedback
[t=—3.075, p=0.033,95% CI (—29.21, —7.61), Cohen’s |d| = 15.77,
n = 7]. After training with eye tracking feedback (M = 29.66%,
SD = 11.29), subjects used significantly more pupil activating
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TABLE 2 Prospective teachers’ time share and average time (pre and
post) for observation orders, observation time and activating time when
moderating the execution of an experiment.

Time Time Average Average
share pre |share post| time pre | time post

Observation 4.3% 18.9% 2.5s 13.7 s
orders

Observation 4.2% 18.5% 2.8s 139s
time

Activating 8.5% 37.4% 53s 276
time

“tools” in their moderation than before training (M = 11.33%,
SD = 11.13). Due to the small sample size, a bootstrapping
procedure with 10.000 samples was applied.

For prospective teachers who gave both orders and observation
time in the first trial, the average length of orders increased
from 6.5 to 15.3 s while the observation time given increased
from 6.8 to 14.5 s. The share of pupil activating time more
than doubled after the training (see Table 2 and Figure
8).

Overall, however, one of the most important findings is
that all prospective teachers, regardless of what they did on
the pre-trail, gave observation orders and observation time after
the training with eye tracking feedback. The average percentage
of pupils-activating time on the second trial was 34%, so
that more than one-third of the execution time was used to
activate the pupils.

4.3.2. Decrease of other parameters

Part of the training concept is that no explanations should be
given while conducting an experiment. Explanations are major
part of the next step in the lesson, only observations should
be made and recorded during the experiment. Nevertheless,
the percentage of explanations given by the prospective
teachers decreased from 10% of time to 8.3% of time, with
the number of teachers giving explanations remaining the
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same. The prospective teachers did not seem to find this
instruction meaningful.

The time spent on summaries also decreased from 42 to 30%,
which seems to be a consequence of the fact that the prospective
teachers were able to describe the essential content more precisely.

The descriptions of action followed the same trend as
the summaries, falling from 19 to 15% of time, although the
number of individual descriptions increased: The execution of
the experiment is divided into three sequences (lampl, lamp2,
lampl and 2). In the post-trial 14 out of 15 prospective
teachers gave concise and accurate action descriptions of these
sequences. This was followed by observation tasks, with the
timing of these messages much better aligned with the temporal
sequence. The shorter duration of the action descriptions is
again a consequence of the much more precise formulation of
the descriptions.

Fortunately, the number of prospective teachers who

their pupils
from eleven to five, i.e., by more than halved. The portion
of time fell from 89 to 1.3% of the time, with only
11  prospective leaving  pupils
without any instruction at all. All increases and decreases

temporarily left without any task dropped

five instead of teachers
are shown in the following Sankey diagram (see Figure

9).

4.4. Results of the interviews and surveys

To answer the research question 2 (RQ2) of whether training
with eye tracking feedback helps the prospective teachers to
increase their pupils’ activating time, we analyzed the interviews
and surveys. We considered the following statements to evaluate
and rate the interviews:

e Category 1: Awareness of own impact “Eye tracking made me
aware of my own impact on pupils.”

The Likert scale with the question “Eye tracking made me
aware of my own impact on pupils” was answered in the pre-
test with a mean M = 3.20 and SD = 0.75 and in the post-test
with a mean M = 3.40 and SD = 0.49. This indicates that a large
share of the prospective teachers showed high agreement with the
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Sankey-diagram of all changes of the moderation of the execution
of an experiment (all prospective teachers).

statement and that this agreement even increased in the post-test.
The decrease in SD shows that they even more agreed.

To evaluate the interviews regarding this category the following
two key phrases were used: (1) “see reaction of the pupils.” and (2)
“see importance of orders.”

Analyzing the interviews 63% of the participants fell into this
category after the pre-trial, 70% after the post-trial. A comment
of a prospective teacher (student_14) was: “Eye tracking feedback
is really good because you can just see how you’re affecting the pupils.
You’re really doing something practical where you can directly see the
consequences of your actions.”
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e Category 2: Connection between control codes and pupils’
reaction “Eye tracking made me realize the connection between
control codes (such as assignments and questions) and the
response of the pupils.”

The question “Eye tracking made me realize the connection
between control codes (such as assignments and questions) and the
response of the students” was answered in the pre-test with a mean
M = 3.20 again and SD = 0.65 and in the post-test with a mean
M = 3.73 and SD = 0.44. This indicates that a large share of the
prospective teachers showed high agreement with the statement
and that this agreement even increased in the post-test to very high
agreement. The decrease in SD shows that they even more agreed.
All prospective teachers of the study saw the pupils’ reaction on the
control codes they applied.

To evaluate the interviews regarding this category the following
three key phrases were used: (1) “see the effect of the control
codes,” (2) “see effect of the spoken word,” (3) “see where the pupils
look to.”

A total of 53% of the participants fell into this category
after the pre-trial, 63% after the post-trial. “You can clearly see
where the children look during the experiment, especially how
they react to instructions”, was one of the prospective teachers’
comments (student_10).

e Category 3: Perceived difficulty in directing attention “I found
it easy to direct the attention of the pupils in a certain area of
the experiment).”

The Likert scale with the question “Eye tracking made me
aware of my own impact on pupils” was answered in the pre-test
with a mean M = 2.20 and SD = 0.65. After the first interview
it became clear that the prospective teachers were rather reserved
about their ability to direct pupils’ attention. With a mean M = 2.87
and SD = 0.44 in the post-test it is obvious that the difficulties in
directing the attention of the pupils decreased and the prospective
teachers were in consensus about this development. However,
agreement with this category lagged behind the others in all Likert-
scored questions.

Responses that prospective teachers felt were important in
directing pupils’ attention were used to evaluate this category, i.e.,
the following three key words were used: (1) “location items,” (2)
“. .. surface features,” (3) “observation order.”

According to the interviews 63% of the participants fell into this
after the pre-trial, 80% after the post-trial. “T have noticed which
work orders help more,” commented student_9.

Another interesting finding from the interviews with the
prospective teachers and the examination of many moderated
videos must be mentioned. A total of 75% of prospective teachers
indicated that it is not only important to keep the pupils’ eyes on
a particular area, but also to keep them there. So, it seems to be
necessary to give the pupils after the order where to look at a second
assignment so that the pupils’ gazes stay on that spot.

This result was not expected in this way and was not previously
part of our considerations of attention-controlling moderation
of experiments. Rather, it seems necessary to investigate this
circumstance more closely.
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Generally, the overwhelming majority of prospective teachers
stated, that “it was very enlightening and informative to see
where the pupils were looking and how they reacted to the
instructions” (student_13).

5. Discussion

In this study, we investigated a training with eye tracking
feedback to improve prospective teachers’ abilities of moderating
experiments in class. To do this, we demonstrated to prospective
teachers their ability to direct pupils’ attention using only verbal
cues. We encouraged these skills through training and intensive
feedback on their abilities. The three phases of feedback described
in the literature (Wisniewski et al., 2020) could be realized in
our approach: “feed-up” was realized by the prospective teachers
watching the gaze overlay videos of their moderation, “feed-back”
by comparing pre- and post-trial, and “feed-forward” by becoming
aware which skills they should develop and which they should
avoid. This feedback consisted of an assessment of the quality of
the moderation (rating) and, in particular, the pupils’ reactions to
the moderation (eye tracking). The success of this approach was
measured by an assessment and through interviews.

Our results answering RQ 1 show that our approach
significantly improves the ability to moderate experimental set-
up through verbal cues. We could show that training with eye
tracking feedback and rating feedback helped prospective teachers
to explain the set-up of an experiment in a pupil’s appropriate way.
The number of categories mentioned by the prospective teachers
increased for all three objects in the set-up. The prospective
teachers rarely provided a second surface feature and often relied
on the pupils’ presumed prior knowledge. It is interesting to note
that although the prospective teachers are better at locating the
individual objects and at the same time name a second surface
feature much more frequently, there is no significant change in
all three objects in terms of their function. The function of an
object also hardly appears in the interviews. To the prospective
teachers the function of an object seemed to be automatically
supplied with the naming of the object or not worth naming it.
The wooden block seemed to be of little concern in both trials,
although compared to lamps and screens, the blocK’s function as
a shade provider is not natural. When asked why the block was
given so little attention, reference was made to the corresponding
preliminary experiment, although only two prospective teachers
and then only in the second trail made a sufficient connection to the
previous knowledge (in this case the creation of a simple shadow
in the model of the rectilinear propagation of light). Overall, the
prospective teachers had difficulty making transitions between the
different phases of the experiment, with a total of only three (pre)
or four (post) leading to execution with a research question or
similar. With regard to the moderation of the execution of the
experiments, the results show that the time in which pupils were
given observation orders and got observation time more or less
doubled, while all the other parameters approximately halved. Not
only did the activating time increase, but the prospective teachers
also paid much more attention to the respective sequences, so that
the observation period corresponded much better to the action in
the experiment. The time share spent explaining also decreased,
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although not as much as hoped. The prospective teachers also
seemed to have difficulties to refrain from explanations during
the presentation. But with the more intensive study of one’s own
linguistic guidance the prospective teachers’ moderations became
steadily shorter and more concise in content. This was reflected
in the decrease of complaints that the playtime of the videos
was too short. Nevertheless, some moderations remained long-
winded. However, the linguistic content analysis of the moderations
is still pending.

Training with feedback through eye tracking and assessment
resulted in a significant increase in pupil activating time (RQ2).
Our results of the interviews and surveys show that training with
eye tracking as a feedback tool has a high level of acceptance
and perceived usefulness among the prospective teachers. In the
interviews, the prospective teachers described, among other things,
how eye tracking feedback made them aware of their previous
abilities to accompany experiments linguistically. The direct
feedback from the pupils set in motion a process that made them
realize the value of a good description of the experimental set-up
but also the possibilities of attention-grabbing work assignments.
This feedback acted back on our prospective teachers as described
in the Process Model of SFT (Rohl et al., 2021). Furthermore, the
eye tracking feedback with the accompanying verbal analysis by the
lecturer provided prospective teachers with information on how to
improve their moderation skills. The interviews revealed the extent
to which prospective teachers grappled with this information and
developed individual instructional approaches (see section “1.2.2.
Levels and forms of feedback”).

In the gaze overlay videos, when comparing pre- and post-
moderation, one can clearly see the stronger focus of the pupils’
gaze and the longer stay in one area. Unfortunately, this effect
cannot be statistically represented in our approach since we
only had three pupils per prospective teacher available. Watching
the gaze overlay videos of their own moderation showed the
prospective teachers the gap between the target (directing pupils’
attention) and the current state.

6. Limitations

The results of the study should be interpreted with the following
limitations. Firstly, the sample size is relatively small. Fifteen 5th
semester prospective teachers participated in the study. At that
time, they were all prospective teachers enrolled in that semester, at
that location and on that course. Expanding the sample to include
other locations or prospective teachers from other semesters might
have led to biases in their prior knowledge or experience. In
addition, the recorded video experiments of the pre-test and the
post-test of all participating subjects were shown to three pupils
each and their eye movements were recorded. The effort involved
was already very high and would have increased massively with a
larger sample. This was therefore not done. Secondly, the pupils’
eye movements show the participants how their attentional cues
work on the pupils’ visual attention. Of course, they do not provide
any information about what the pupils have actually learned. The
changes in the pupils’ knowledge were not the purpose of this study,
but the reactions of them to the verbal input of prospective teachers
providing feedback.
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7. Conclusion

Observing the gaze behavior of pupils watching a “silent
video “moderated by prospective teachers themselves gives them
authentic feedback on their own effectiveness. Prospective teachers
can literally see the impact of their words, the reaction of the pupils
listening to them. They see where the pupils are looking on and
individually recognize when or why the pupils leave the currently
important areas of the set-up. The most important achievement,
however, is that all prospective teachers can directly see and
experience their own individual learning progress to accompany
experiments in an attention-activating verbal way. They can see
how even small changes (e.g., giving a second surface feature or
describing the function) in moderating an experiment can have a
lasting impact on pupils’ attention.

The analysis of the connection between control codes (given
as verbal attentional cues) and pupils’ response leads to another
important result of the use of eye tracking: pupils follow the
command to look at a particular area of the set-up immediately
almost every time, but as quickly as they look, they leave it again.
To keep their attention on the spot, it is necessary to give a second
assignment or to describe another feature such as the function
(given as verbal content-related cues) or another surface feature
of an object. Pupils who have received at least two pieces of
information or assignments stay longer on this area of the set-up.
To stay longer on a certain spot is very necessary for the pupils
to make the observation the teacher intended. Thus, the results
show that one strength of verbal cues, namely, being able to offer
attentional guidance and content support, should also be used.
With the more intensive study of one’s own linguistic guidance
the prospective teachers’ moderations became steadily shorter and
more concise in content. However, the linguistic content analysis of
the moderations is still pending.

Demonstrating experiments in class in a way that is effective
for learning requires a lot of practice. Training with “silent videos”
is a promising method to support this exercise process, although
it cannot replace real-life execution. It is not the intent of this
training to standardize prospective teacher moderation, just as
there is no ideal type of moderation, but rather everyone should
develop their own individual appropriate teaching style. However,
using eye tracking feedback gives prospective teachers unbiased
and direct feedback from real pupils on their verbal skills and the
impact of their use of language on their pupils. This study has so
far analyzed only the group that received both the training and
the eye tracking feedback. It is therefore unclear how much of
the prospective teachers’ positive development can be attributed to
the training or the eye tracking feedback. Further research should
explore how much of the improvement in the video presentations
can be explained by the eye tracking feedback factor and how much
by the training factor.
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