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Abstract

The present study investigates teacher diagnostic skills when observing student engage-
ment and inferring to underlying student characteristic profiles. Five student profiles as
empirically determined in previous studies are selected: three incoherent (overestimating,
uninterested, and underestimating) and two coherent (strong and struggling) profiles.
Teacher professional vision and underlying assumptions about processes of noticing and
reasoning about the chosen diagnostic situation serve as a conceptual basis. In the
empirical study (N=41 participants), it is investigated to what extent expert and novice
teachers differ with regard to judgment accuracy of underlying student profiles, observed
student cues used for judgment, and teacher gaze as perceptual indicator. The study task
involved observing a video clip and diagnosing five marked students based on their
underlying profiles. First, findings of the study suggest that expert teachers are more
accurate in judging incoherent profiles compared to novices. Second, both novices as well
as experts state valid behavioral cues when inferring from student engagement to
underlying student profile. Third, experts spend more teacher gaze on student profiles
which might need adaptive pedagogical action (struggling, underestimating, uninterested
student). The study provides first evidence on teacher gaze during the professional task of
diagnosing individual students in the process of teaching. Regarding the conceptual
model of teacher professional vision teacher gaze can serve as an additional
operationalization of the noticing component of teacher professional vision.
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In everyday classroom teaching, teachers have to make a myriad of decisions and adaptations,
which strongly depend on the way their students behave (Borko et al. 2008). A central demand
of being a teacher, therefore, is to continuously monitor students and observe how they react to
planned activities (Berliner 1986; Shulman 1986).

In looking closer at student-related factors that influence how students respond to teachers’
planned activities (e.g., by answering a teacher question or working on an instructional task),
cognitive and motivational-affective characteristics come into play as prerequisites for learning
(Snow et al. 1996). Pre-knowledge, self-concept of ability, and interest are major determinants
for student engagement in class (Hattie 2008; Hoffmann 2002; Huber et al. 2015; Linnenbrink-
Garcia et al. 2012; Lipowsky er al. 2008; Pauli and Lipowsky 2007).

As student characteristics are a central driver for student engagement, and student engage-
ment, in turn, determines teachers’ behavior, teachers need to monitor their students’ engage-
ment and make inferences with regard to underlying student characteristics. These kinds of
formative, diagnostic activities are seen as a key component of teachers’ professional compe-
tences (Heitzmann et al. 2019; Kunter et al. 2013). In this context, teachers’ professional vision
is another relevant aspect that must be considered (Lachner et al. 2016). Teachers’ professional
vision is characterized by teachers’ ability to notice relevant events in a classroom and interpret
these events based on professional knowledge (Seidel and Stiirmer 2014). Teacher
knowledge—such as content, pedagogical-content, and pedagogical-psychological
knowledge—shapes professional vision because it affects the direction of the attention pro-
cesses (Blomeke et al. 2015). In the context of observing student engagement and inferring
underlying characteristics, teachers’ pedagogical-psychological knowledge is particularly rel-
evant (Kunter et al. 2013). Thereby, it has been shown that experts (representing professionals
with high knowledge) are better able to monitor the responses and activities of all students
constantly while, at the same time, being alert to those students and events that might require
particular action or adaptations (Berliner 1991; Borko et al. 2008; Wolff et al. 2016).

Recently, an increasing number of studies has looked more deeply into aspects of teachers’
visual perception of student engagement in classrooms (Seidel et al. 2016; van den Bogert et
al. 2014; Wolff et al. 2016). Teachers’ visual perception is seen as an important aspect of the
noticing component of professional vision (Lachner et al., 2016). In this context, teacher gaze
can be studied using an eye tracking methodology. So far, teacher eye movement studies have
been mainly concerned with issues of classroom management (van den Bogert et al. 2014;
Wolff et al. 2016), without considering the observation and diagnosis of individual students
characteristics. However, monitoring individual students’ engagement behaviors and linking
these perceptions to interpretations of underlying student characteristics are also highly
relevant diagnostic skills. Therefore, this study tries to expand the field and explore the
potential of teacher eye movement methodology in the context of teachers observing student
engagement and diagnosing underlying, individual student characteristics.

Diagnosing Student Characteristics as a Professional Diagnostic Task

Student characteristics as prerequisites for learning are the most decisive factor in predicting
student engagement and also further learning achievement (Hattie 2008). Therefore, teachers’
diagnostic skills at monitoring student engagement and accurately judging underlying student
characteristics is regarded as an important element of professional teacher competences
(Heitzmann et al. 2019; Herppich et al. 2018).
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Student characteristics comprise both cognitive and motivational-affective components
(Snow et al. 1996). Cognitive characteristics refer to students’ general cognitive abilities as
well as their acquired knowledge in subject domains. Motivational-affective components
include aspects such as interest and self-concept of ability in subject domains. However,
cognitive and motivational-affective components do not necessarily develop uniformly.
Students, for example, may have high cognitive abilities but low self-concept (Seidel
2006).

Therefore, based on student data, combinations of cognitive and motivational-affective
characteristics can be modeled by person-centered approaches (Seidel 2006). The resulting
profiles represent the most prevalent patterns of student characteristic combinations. They
vary in the consistency of the development of cognitive and motivational-affective char-
acteristics. Thus, the names of the profiles represent the type of characteristics combination.
Some groups of students acquire consistent high or low combinations of cognitive and
motivational-affective characteristics (rated as either strong or struggling students in all
characteristics), while other students show inconsistent combinations (Jurik et al. 2013;
Linnenbrink-Garcia et al. 2012). An example of an inconsistent profile is so-called
underestimating students. These students have developed a pattern of being highly knowl-
edgeable but, at the same time, expressing low confidence in their abilities (self-concept).
Another inconsistent pattern is the overestimating students. These students are comparably
unknowledgeable but highly confident. Therefore, these students are in danger of
overestimating their abilities. The third inconsistent pattern is uninterested students, who
are intermediate in their knowledge and confidence but stand out because of their particular
low interest in a subject domain.

Besides determining student characteristics based on student data, it is of interest to study
how accurately teachers judge relevant student characteristics. Thereby, in a majority of studies
a focus has been placed on judgments of single cognitive or motivational-affective character-
istics (Kaiser et al. 2013). It was found that teachers diagnose student knowledge more
accurately than they do general cognitive abilities, self-concept, or interest. In addition,
teachers tend to perceive students holistically and intermingle distinct student characteristics
when prompted to diagnose, for example, student achievement or motivation only (Stidkamp
et al. 2018). Recent teacher judgment studies, therefore, have expanded upon the knowledge
stemming from student characteristic profiles and compare teacher and student perspectives of
profiles (Huber and Seidel 2018; Siidkamp et al. 2018). These studies have found that teachers
tend to judge their students consistently as either over-average, average, or under-average
across cognitive and motivational-affective characteristics. However, profiles from student
reports again yield a much larger variety, including inconsistent profiles, such as
underestimating, overestimating, or uninterested.

Given these inconsistencies between the perspectives of teachers and students further
research is required to study which kind of misjudgments occur at which points in time. For
example, to date, only a few studies have investigated student-related cues that teachers use
when coming to conclusions (Spinath 2005). Demographic information about students, such as
socio-economic status, migration status, and gender, has been investigated an influential factor
(Glock et al. 2013; Kaiser et al.2017), particularly in the context of high-stakes decisions, such
as making recommendations for further educational careers. However, few studies discuss
diagnostic activities in the teaching process that are necessary to learning about relevant
behavioral cues that influence adaptations in the process of teaching (Huber and Seidel,
2018; Herppich et al. 2018).
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Diagnostic Process of Interpreting Student Engagement in Relation
to Characteristics

In order to judge and monitor student characteristic profiles in everyday classroom teaching
accurately, teachers are required to observe students’ behavioral cues (Back and Nestler 2016),
which must be valid with regard to underlying student characteristics (Thiede et al. 2015).
Therefore, it is necessary to study which kind of behavior is typically presented by groups of
students who share a specific profile.

In video-based classroom research, student engagement is systematically observed and
analyzed. Some studies differentiate between high- and low-achieving students and show
that high-achieving students are typically more verbally engaged with their teachers
compared to low-achieving students (Brophy and Good 1970; Lipowsky et al. 2007;
Pauli and Lipowsky 2007; Sacher 1995). They also experience more frequently positive
teacher feedback. Many previous studies, however, did not consider motivational-affective
student characteristics or the combination of motivational-affective characteristics with
achievement. Therefore, further studies (Huber et al. 2015; Jurik et al. 2013; Seidel and
Stiirmer 2014) analyzed student engagement based on the student profiles identified by
Seidel (2006). They found that self-concept of ability was particularly predictive of student
engagement. The strong and overestimating student profiles showed the same high-
engagement pattern, despite the fact that the overestimating students were rather unknowl-
edgeable. In comparison, struggling and underestimating students were rather unengaged
and showed similar behavioral cues. The underestimating students’ low engagement was in
contrast to their underlying knowledge, which was comparable to that of the strong
students. Finally, the fifth identified profile of uninterested students showed a rather
negative engagement pattern, with reports of experiencing amotivation and no relevance
in learning (Seidel 2006).

These classroom observation findings indicate that student engagement patterns, in
some cases, can be quite valid with regard to underlying student characteristics (e.g., strong
or struggling students). However, regarding incoherent profiles, students’ behavioral cues
are in danger of being misinterpreted (Huber et al. 2015; Jurik et al. 2013). Therefore,
teachers need to observe and diagnose these students carefully in order to differentiate their
instruction between them. An underestimating student, for example, might require peda-
gogically relevant actions such as positive feedback and reinforcement and a struggling
student might need further instructional guidance (Huber and Seidel 2018). Regarding
overestimating students, teachers might need to recognize that these students are not as
knowledgeable as they may appear; similarly, strong students might need to be encouraged
to continue their high-level learning.

When inferring underlying characteristics based on behavioral student engagement,
teachers must be sensitive to the available student information (Berliner 1991). Some
student cues related to the underlying student profiles may be more or less directly
observable by teachers’ visual perception. However, little research has been conducted
into the relationship between perceptual processes of observing students’ behavioral cues
and judgments about underlying student characteristic profiles (Spinath 2005; Siidkamp
et al. 2018). Therefore, linking observable student engagement to underlying student
characteristic profiles and relating these to possible challenges to accurate teacher judg-
ments appear to be a logical step for future research.
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Teacher Gaze in the Context of Studying Perceptual Processes

Teacher decision-making in the teaching process is highly dependent on perceptual processes
when observing student engagement and, in turn, drawing inferences to underlying student
characteristics (Borko et al. 2008). The way teachers’ professional knowledge is organized and
structured is one of the most important factors in explaining the qualitative differences
involved in managing this professional task (Heitzmann et al. 2019). Expert-novice compar-
isons (Berliner 1986, 1991; Stiirmer et al. 2017; Wolff et al. 2016; Wolff et al. 2015), for
example, reveal that expert teachers (with high professional knowledge) are better able to
distribute their attention equally across all students while teaching (as an indicator for
successful classroom management) and to move more smoothly from one event to the next
than novices. Novices, by comparison, are more likely to follow salient events or student cues
erratically, moving from the perceiving written notes about their lesson plan, for example, to
observing students in the classrooms and then the black board or other kind of media
(MclIntyre et al. 2017; Stiirmer et al. 2017; Wolff et al. 2016).

Besides the ability to distribute attention equally, expert teachers are also able to focus on
those cues and events that are relevant to further learning (Berliner 1986, 1991). Since their
professional knowledge is organized based on typical events, schemata, and routines, single
cues are sufficient for them to be alerted and activate their specific schemata and scripts (Borko
et al. 2008). Novices, by comparison, have not yet structured their knowledge in this way and,
therefore, tend to miss these kinds of cues and events (Mclntyre et al. 2017; Wolff et al. 2016).

Studying teachers’ visual perception processes and relating them to underlying professional
knowledge structures has been a major advancement in teacher expertise research (Berliner 1986,
1991; Borko et al. 2008). Such research has recently expanded to include the concept of teachers’
professional competences (Herppich et al. 2018). Teachers’ professional vision (Goodwin 1994)
is a concept currently applied in teacher research (Gaudin and Chali¢s 2015) and is regarded as a
situative application of skills in the interplay between professional knowledge and practical
performance (Blomeke et al. 2015; Lachner et al. 2016). Teachers’ professional knowledge
drives the professional vision processes of noticing and interpreting classroom events. However,
when observing classroom events, teachers’ professional vision also activates their knowledge in
the form of scripts, schemata, and routines reciprocally (Borko et al. 2008).

In a cognitive model of teachers’ professional vision, teachers’ perceptual processes play an
important role, particularly with regard to the noticing component (Lachner et al. 2016). Teacher
gaze as measured, for example, by an eye movement methodology (Rayner 2009), adds to the
model since it provides a suitable operationalization for noticing processes in the forefront of
further processing and interpreting observed events (Seidel and Stiirmer 2014). Teacher gaze is
driven by bottom-up and top-down processes (Gegenfurtner et al. 2011). Bottom-up drivers are
autonomous, reactive, stimulus-driven, and related to salient features, such as the current flow of
visual stimuli and motion (Schiitz et al. 2011). Thereby, bottom-up drivers may play a critical role
when teachers observe visually broader and ongoing motions of students in a classroom as for
example during teacher—students interactions. In such situations, involving a teacher asking a
question at the front of a classroom, students in the back of the room raising their hands, and one
student being called upon and answering the question (Seidel and Prenzel 2006), a lot of motions
occur simultaneously, and the complexity, immediacy, and unpredictability of teaching are fully
apparent (Doyle 2006). In such motion-rich situations with a lot of active student engagement and
salient behaviors, it can be assumed that teacher gaze follows the major motions of teachers and
students and is highly driven by bottom-up processes.
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Top-down processes have been shown to be driven by a specific task and personal goals
(DeAngelus and Pelz 2009). They are also more likely to display differences in the expertise
level (Gegenfurtner et al. 2011; Jarodzka et al. 2010). These top-down processes can occur
when, for example, teachers observe a student more closely due to their personal goal of trying
to judge a learning state or underlying student characteristic accurately. In this task-specific and
goal-related context, top-down processes seem to be the more likely drivers of teacher gaze. In
this context, differences between expert and novice teacher should also become apparent.

The Present Study

Currently, teacher gaze is primarily studied in the context of classroom management (van den
Bogert 2016; van den Bogert et al. 2014; Wolff et al. 2016; Wolff et al. 2015), without further
consideration of diagnosing individual students and their characteristics. However, the ability to
monitor not only the whole class but also individual students is a highly relevant professional skill
for teachers (Heitzmann et al. 2019). Therefore, this study attempts to expand the field and
explore the potential of teacher eye movement methodology in the context of teachers observing
students’ behavioral engagement and diagnosing underlying individual student characteristics.
Based on previously identified student characteristic profiles (Seidel 2006), this study utilizes two
consistent profiles, strong and struggling, and three inconsistent profiles: overestimating,
underestimating, and uninterested. The following questions and hypotheses are addressed:

RQI: Do novice and expert teachers vary in the accuracy of their judgment of the five
selected student characteristic profiles when asked to judge profiles based on observed student
engagement?

Based on previous research, it is assumed that expert teachers in general are more accurate
than novice teachers at judging student profiles. However, even expert teachers tend to make
more inaccurate judgments when it comes to the incoherent profiles (over- and
underestimating) compared to consistent profiles.

RQ2: Which behavioral indicators do expert and novice teachers use when inferring
underlying student characteristic profiles based on their observations?

Since teacher judgment research in relation to students’ behavioral cues is lacking, it is
tentatively conjectured that both expert and novice teachers’ reporting of student behavior is
linked to previous findings from classroom observation research. Indicators observed in those
studies refer to body-related aspects (e.g., hand raising), content-related aspects (e.g., quality of
answers), and emotional-motivational aspects (e.g., expressed confidence). In addition, given
expertise findings regarding the saliency of cues, it might be tentatively conjectured that
novices more often report salient student behaviors, such as hand raising compared to experts.

RQ3: Do expert and novice teachers differ in their gaze regarding the five observed student
profiles? Are experts more attentive than novices to inconsistent student profiles which might
require pedagogically adaptive action? In addition, is there a difference in teacher gaze when
analyzing two different classroom scenes, which are assumed to differ regarding bottom-up or
top-down drivers of teacher gaze?

Based on previous research, it is assumed that top-down or bottom-up drivers are relevant
indicators of teacher gaze. Therefore, a classroom context with a lot of motion regarding
teacher and student activities should represent a context that activates mainly bottom-up
drivers and leads to teacher gaze patterns that mainly follow the course of motion. Such a
context could be represented by a typical whole-class situation in which teachers stand in the
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front of a classroom, pose questions, and chose various students sitting within the classroom to
answer questions. Thus, no expertise differences are expected.

In contrast, a classroom context with less motion and less variation in activities should represent a
context that activates top-down drivers. Such a context could be, for example, a typical setting of
individual seatwork in which students solve a task independently and interact with the teacher from
time to time. This context provides possibilities for top-down drivers in teacher gaze and should lead
to expected differences of higher teacher gaze for experts compared to novice teachers.

Since expert teachers are also better able to focus on events that might require further
action, it is conjectured that expert teachers exhibit longer fixations in teacher gaze regarding
the inconsistent student profiles that potentially require additional teacher support. Therefore, it
is assumed that expert—novice differences are particularly visible with these student profiles.

Methods
Participants

The sample for which high-quality eye tracking data was available (see section below)
consisted of 41 participants (63.8% female) and comprised of 33 novice teachers (female =
60.4%) enrolled in a bachelor’s university program and eight in-service teachers (female =
75%) with an average teaching experience of 12.25 years (SD = 8.18, range = 1.5-25.0 years).
Regarding the second research question on observed student cues, open answers were
provided by 27 novice and seven expert teachers.

Procedure

Data collection took place in the laboratory. Participants were first introduced to the student
characteristics under investigation (cognitive abilities, performance, self-concept, and interest)
and their appearance in strong, struggling, overestimating, underestimating, and uninterested
student profiles. After the introduction, participants watched a short video trailer (2:30 min) of
the class to become familiar with the lesson topic and the classroom environment.

Participants were then instructed to watch a video stimulus and observe five target
students carefully in order to diagnose the student profiles afterward. The five students
were marked with letters (B, E, K, P, T) so that the participants were always aware of which
students to observe and diagnose (Fig. 1). Eye tracking was conducted while the partici-
pants watched the stimulus video. Finally, participants assigned each marked student to one
profile. Each profile could only be assigned once. Moreover, for each assigned student,
participants could indicate whether they thought they might have confused the assigned
profile with another one by stating a second choice. For each assigned profile, participants
were invited to write down which indicators they had used to judge the student profile in an
open answer format.

Video Stimulus
The 11-min video showed an eighth-grade introductory geometry lesson from a German high school
(Fig. 1). The video clip was identified in the context of a previous video study on teacher—student

interactions in classrooms (Seidel et al. 2016). The video stimulus consisted of two major scenes.
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Fig. 1 Video stimulus for eye movement analysis. Note: This is an exemplary screenshot of the classroom and
used AOIs. AOIs are only marked for illustration in this paper; they were not visible to the participants. The
blurring of student faces is only added for the presentation in the publication to ensure the protection of data
privacy; it was not visible when drawing the AOIs. Students were marked with letters not referring to any
underlying profile: B, E, K, P, and T

The first scene (3.5 min) was a whole-class instructional scene in which the teacher
stands in the front of the classroom and introduces the topic in a question-answer teaching
style: various students in the classroom raise their hands and the teacher calls upon one of
them and, in turn, poses the next question. The features of this scene indicate that bottom-up
drivers might be more involved because of the salient student behavior. At the end of the
first scene, tasks for the following individual work are explained. Afterwards, students
work individually for a couple of minutes on their tasks (this phase was not used for teacher
gaze analysis).

The second scene follows (4 min) and presents a situation in which the teacher stands in the
front of the classroom at the board and explains the solutions to the tasks (the teacher, in this
case, is not visible, only audible in the video). Meanwhile, the students listen to the teacher,
compare their solutions to those presented by the teacher, and make corrections if necessary.
Students rarely pose questions during this second scene. Due to the absence of salient student
behavior in this scene, top-down drivers are assumed to be more involved in teacher gaze.

Student Profiles

The video sequence used for this study stems from a larger video study in which the
videotaped students participated over the course of a school year (Seidel et al. 2016).
Therefore, the five marked students with their profiles of strong, struggling, overestimating,
underestimating, and uninterested were identified empirically in the context of this larger video
study. A latent profile analysis, a common method of identifying homogenous subgroups of
students, was conducted with achievement and self-concept of abilities as two major indica-
tors. This analysis identified five profiles (Seidel et al. 2016) of which four are similar to
previous latent class analyses (Seidel 2006): strong (26%), struggling (21%), overestimating
(12%), and underestimating (9%). In addition, a fifth group of intermediate students with
moderate performance and self-concept was identified (31%) (Seidel et al. 2016), who also
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reported about being low in their subject interest and, therefore, are quite comparable to the
uninterested profile as determined in the Seidel (2006) study.

Findings regarding the profiles of all students in the classroom were available. The
students were then ranked independently by three of the authors to represent a particular
student profile with regard to their engagement behavior. If the authors did not agree on
their first choice, they discussed possible choices. The strong student often raised the hand
during the first segment. Throughout the rest of the video, the student looked attentively at
the board, took notes, and wrote in the book. The uninterested student continually played
with the hands and sometimes chewed fingernails. The underestimating student raised the
hand twice to answer the teacher’s questions and, in the second segment, wrote notes in the
book. The overestimating student checked with a neighbor before raising the hand in
response to the teacher’s questions, but when classmates were answering the teacher, the
student looked around the class and played with a necklace. The struggling student looked
forward toward the teacher and her classmates but never raised her hand. The struggling
student’s head often rested on her hands.

Apparatus

The stimulus environment was created with Experiment Center 3.7. Eye movements were
recorded with the SMI RED 500 binocular remote eye tracker with a 22-in. display monitor
and a sampling frequency of 500 Hz. Light was kept stable across data collection times by
closing the blinds and using a ceiling light. Participants were positioned about 65 c¢cm in
front of the eye tracker. A height-adjustable table ensured adjustment to the individual
participants’ requirements, and a chin rest prevented participants from performing strong
head movements or leaning back to increase precision (Nystrom et al. 2013).

Measures
Teacher Judgment Accuracy

A student profile was considered to be judged correctly if it was concordant with the underlying
data-driven student characteristic profile. Participants received zero points for an incorrect
diagnosis or one point for each correct assignment. In cases in which participants first assigned
an incorrect profile but stated the correct profile in their second choice, half a point was
awarded. The participants could gain a total score between zero (no correct judgments) and
five points (only correct judgments).

Reported Behavioral Indicators Used for Judging Student Profiles

Responses to the open answer were coded inductively with a coding scheme of 108 codes by
two coders for 80% of the sample with a sufficient interrater agreement (x =.95). The 108
single codes were aggregated in 10 indicators: engagement, attention, emotions, confidence,
work on worksheet, quality of answers, (pre)achievement, interaction with peers, hand rais-
ings, and body posture and facial expression. These indicators were coded for each participant
and student profile with either 0 (indicator not stated) or 1 (indicator stated). In the last step,
indicators for the single profiles were added to express how often one participant used one
indicator overall (0 = not used; 4 = used for all profiles).
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Teacher Gaze

The final average tracking ratio for the sample was 97%, and accuracy resulted in a deviation
on the horizontal x-axis =.55° and vertical y-axis =.51°. Therefore, the quality of eye move-
ment data can be regarded as high.

To analyze teacher gaze, the very end of the video stimulus was excluded because the teacher
was visible. It was assumed that this event would attract participants’ attention due to their saliency
of teacher actions. Excluding this part left a total of 09:06 min of collected eye movements.

The five marked students were each defined as dynamic areas of interest (AOIs) with
BeGaze 3.7 to analyze fixations on the students (Fig. 1). The exactness of the AOIs was
manually controlled every 16 ms (equaling intervals of four video frames). A velocity-based
algorithm was used to define fixations (Holmqvist et al. 2011), with the system default similar
to that of Wolff et al. (2016). Fixation count (i.e., fixations inside specific AOIs) was used for
further analysis. The total number of fixations was calculated for each participant and the five
AOIs. Similar fixation duration (i.e., the length of the fixations within an AOI) and the number
of glances at an AOI (i.e., how often an AOI was visited) were considered for analysis. To
compare the number of fixations, fixation durations, and glances across student profiles (AOIs)
and video segments, the relative proportion was calculated.

Data Analysis

A two-way analysis of variance (5 2 ANOVA) was used to examine the differences in the
judgment accuracy of the five different student profiles (factor 1) and the level of professional
experience (factor 2). There was homogeneity of variances, as assessed by Levene’s test for the
quality of variances, p > .05.

Unpaired ¢ tests were conducted to investigate whether novice and expert teachers differ in
their observation of student cues or used more indicators per profile and overall. Then, unpaired
t tests were conducted to test whether the two expertise groups differed in the type of observed
indicators. Additionally, the type of observed indicators for each profile was compared
descriptively.

Unpaired ¢ tests were also used to investigate differences between the number of fixations and the
average fixation duration novice and expert teachers spent on each of the five student profiles.

Results
Teacher Judgment Accuracy Regarding Student Profiles

To answer the first research question, the accuracy of teacher judgments of each student profile
(separated by the level of professional experience) was analyzed. The descriptive results of the
diagnosis are shown in Table 1.

Most of the novices and experts were able to diagnose the underestimating and
struggling student correctly. However, the overestimating student most often was
diagnosed incorrectly; many of the novices (56.7%) and experts (50%) received zero
points for this diagnosis, which indicates that their first and second diagnosis were
both incorrect. One hundred percent of the experts identified the uninterested student
compared to 63.6% of the novices. Diagnosis of the strong student received many of
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Table 1 Expertise differences in teacher judgment accuracy (descriptive statistics)

Student profiles Expertise level Relative frequency of scores (%)
0 0.5 1
Overestimating Novices 57.6 12.1 30.3
Experts 50.0 25.0 25.0
Uninterested Novices 21.2 15.2 63.6
Experts 0.00 0.00 100.0
Underestimating Novices 15.2 18.2 66.7
Experts 12.5 12.5 75.0
Strong Novices 242 48.5 27.3
Experts 12.5 50.0 37.5
Struggling Novices 15.2 18.2 66.7
Experts 12.5 12.5 75.0

Niovices = 33, Nexperts = 8. For accuracy scores 1 = first choice correct, 0.5 = second choice correct, and 0 = first and
second choice incorrect

half points from both groups (48.5% novices, 50% experts), indicating that this
student profile was often selected as a correct alternative solution.

A two-way ANOVA was conducted to examine the effects of student profiles and expertise
level on teacher judgment accuracy. There was no statistically significant interaction between
student profiles and expertise level for teacher judgment accuracy, F(4, 195)=.552, p=.698,
partial 72 =.011.

The main effect for student profiles was statistically significant, F(4, 265)=5.727,
p <.001, partial n2=.105, indicating that participants could diagnose the five student
profiles with different levels of accuracy. Marginal means of the accumulated diagnosis
scores and subgroup analysis based on Tukey’s post hoc results are shown in Table 2.
Thereby, the two profiles of uninterested and struggling were judged comparably and
accurate (p = .999, means .70—.74). Also, the strong, underestimating, and overestimating
profile were judged comparably (p =.407), however, with lower accuracy scores (means
.30-.46).

Furthermore, there was a significant main effect for expertise level, F(1, 195)=5.046,
p=.026, partial 12 =.025. However, expert teachers (M =3.39, SD=1.65) did not show a
systematically higher judgment accuracy compared to novices regarding all student profiles

Table 2 Marginal means and standard deviations of the accumulated judgment accuracy score and homogenous
subgroups based on Tukey’s HSD

Student profile Number Homogenous subgroups

1 2

Marginal Mean SD Marginal mean SD
Overestimating 41 .30 43
Underestimating 41 45 49
Strong 41 46 .36
Struggling 41 .70 40
Uninterested 41 73 40
Significance - 407 999
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(M=247,5D=1.81),439)=1.31, p=.198, d=—10.53 (Table 3). When testing on the level of
each student profile, experts did show higher judgment accuracy for the underestimating
student, #39)=2.03, p=.048, d=—0.73, the uninterested student, #(39)=-2.19, p=.035,
d=—1.04, and the overestimating student, #(39)=2.04, p =.046, d=—0.68.

Hypotheses regarding the first research question were partially confirmed. In line with our
assumption is the result that the two inconsistent profiles of underestimating and
overestimating were judged less accurate than the consistent struggling profile. However, both
experts and novices judged the consistent profile of a strong student comparably inaccurate, as
well as the inconsistent profile of an uninterested student quite accurate. Contrary to our
expectation, experts in general were not more accurate than novices in judging the student
profiles. However, in line with our hypotheses, they judged all inconsistent student profiles of
underestimating, overestimating, and uninterested more accurate than novices.

Observed Behavioral Cues Used for Inferring Student Profiles

To address the second research question, open-ended answers regarding student cues that were
used when inferring underlying profiles based on observations are reported in this section.
Overall, both novices and experts stated about two to three indicators per student profile
(Mpovice = 2.66, SDyovice = 0.725 Meypery=2.94, SDexpery=0.97), resulting in no significant dif-
ference in expertise level, #25)=—0.82; p=.422; d=0.36). Regarding analyses of each
student profile, no significant differences between experts and novices were found for strong,
1(29)=—-0.50; p=.622; d=0.21, struggling, #29)=—-0.39; p=.697; d=0.17, or
underestimating students, #29)=—0.44; p=.663; d=—0.19. However, experts stated more
indicators than novices did for diagnosing the overestimating, #(30)=—2.18; p=.037; d=
0.93, and the uninterested student, #30) =—2.29; p=.029; d=0.98.

As to whether novice and expert teachers report different indicators, it was found that novices used
student hand raising and the quality of answers significantly more often than experts. Experts used all
other indicators more often than novices did, although significance was not reached (Table 4).

Altogether, expert and novice teachers stated valid behavioral student cues. Expert teachers
seemed to use a range of indicators to diagnose student profiles while novices focused on
salient indicators such as hand raising and the quality of answers.

Table 3 Expertise differences regarding the accumulated judgment accuracy score (descriptives and ¢ tests)

Student profiles  Expertise level t df  95% Cl p d
Novices Experts
n  M(SD) n  M(SD)
Overestimating 33 024(031) 8 052049 2.04 39 [-0.55,-0.18] .046 —0.68
Uninterested 33 0.69(042) 8 1.00(0.000 -2.19 39 [-0.64;-0.25] .035 —1.04
Underestimating 33 0.35(0.32) 8 0.62(0.41) 2.03 39 [-0.54;-0.01] .048 -—0.73
Strong 33 047(036) 8 050038 —032 39 [-0.34;0.25] 753 —0.08
Struggling 33 0.72(040) 8 0.75(0.37) -033 39 [-0.37;0.27] 743 —0.07
Overall 33 247(181) 8 339(l.65 131 39 [-2.34;051) 198 —0.53

Note. Significant p values are in italics

@ Springer



Educational Psychology Review (2021) 33:69-89 81

Table 4 Expertise differences regarding observed student cues used for inferring to student profile (descriptives
and 7 tests)

Indicator Expertise level 95% CI t df P d
Novices (n=20) Experts (n=7)
M (SD) M (SD)
Body-related
Body and face 0.65 (0.81) 1.14 (1.07) [-1.29;0.30] —127 25 214 0.56
Hand raising 2.90 (1.25) 1.00 (1.73) [0.65; 3.15] 3.13 25 004 —1.37
Interaction with peers  0.85 (0.75) 1.00 (0.82) [-0.84;0.54] —045 25 658  0.20
Content-related
(Pre)achievement 0.40 (0.50) 0.57 (0.98) [-1.08;0.74] —045 7.15¢ .670 0.26
Quality of answers 2.30 (1.03) 0.86 (1.21) [0.47; 2.42] 3.05 25 005 —1.34
Worksheet 1.25 (1.37) 1.88 (1.57) [-1.89;0.68] —097 25 341 043
Motivation-related
Confidence 1.15 (0.93) 1.86 (1.07) [-1.58;0.17] —1.66 25 109 0.73
Attention 1.10 (0.93) 2.14 (1.57) [-2.51;043] —1.65 7.65¢ .140 091
Emotions 0.65 (1.04) 1.43 (1.40) [-1.81;0.25] —1.56 25 131 0.69
Engagement 1.15 (1.23) 2.00 (1.53) [-2.03; 0.33] —1.48 25 150 0.65

2No homogeneity of variances therefore adjusted statistics are reported. The single indicators include both
positive (e.g., frequent hand raising) and negative (e.g., seldom hand raising) occurrences

Note. Significant p values are in italics

Teacher Gaze in Relation to Student Profiles

To answer the third research question regarding expertise differences in teacher gaze, the number of
fixations and the average fixation duration for each student profile were analyzed. Then results are
shown in Table 5 (whole-classroom instruction scene) and Table 6 (individual seatwork scene).

As can be seen in Table 5, there were no significant differences in the number and duration
of fixations between novices and experts in the whole-classroom instruction scene. In the
individual seatwork scene (Table 6), experts showed a significantly higher number of fixations
on the uninterested, underestimating, and struggling students. Moreover, the average fixation
duration of the novices was significantly longer for the overestimating and strong student.

Therefore, hypotheses regarding the third research question were partially confirmed. In line with
our conjectures, no expertise differences were found for the whole-classroom instruction scene.
Regarding the individual seatwork scene, expected expertise differences were found. In line with our
hypotheses, expert teachers spend more fixations on the inconsistent profiles of the uninterested and
underestimating student, as well as on the consistent struggling profile. No expertise difference, in
contrast to our expectation, was found for the inconsistent overestimating student.

Discussion

Observing individual students as they engage in classroom activities and inferring underlying
student characteristics based on these observations are highly relevant aspects of teachers’
diagnostic competences (Heitzmann et al. 2019; Herppich et al. 2018; Kunter et al. 2013). The
present study applied an eye movement methodology to describe teachers’ perceptual pro-
cesses in the context of ongoing diagnostic activities, a context many researchers have
previously expressed the need to explore (Herppich et al. 2018; Spinath 2005). To date, eye
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Table 5 Expertise differences in teacher gaze in whole-class instruction: descriptives and ¢ tests for the number
and duration of fixations

Student profiles Eye-tracking Expertise level 95% CI for mean ¢ df p d
metrics difference
Novices Experts
M (SD) M (SD)
Overestimating ~ No. of fixations ~ 62.42 65.25 [-16.92; 11.27] -0.41 39 .687 —0.17
(18.85) (15.07)
Aw. fixation 392.82 338.14 [-32.66; 142.03] 126 39 213 043
duration (ms) (98.76) (149.35)
Uninterested No. of fixations ~ 71.33 84.25 [-29.99; —4.16] —1.53 39 .134 —-0.55
(20.17) (26.39)
Av. fixation 418.47 377.31 [-63.57,145.88] 0.79 39 .431 0.28
duration (ms) (123.05) (164.14)
Underestimating No. of fixations ~ 93.69 101.75 [—36.42; 20.07] -0.57 39 .562 —0.23
(35.18) (36.58)
Av. fixation 369.20 338.36 [-66.81;128.48] 0.63 39 .527 0.24
duration (ms) (117.16) (144.39)
Strong No. of fixations  80.67 76.88 [-13.05; 20.63] 045 39 .651 0.18
(21.21) (20.78)
Av. fixation 324.08 365.96 [-126.93;43.16] —0.99 39 325 —-0.38
duration (ms) (116.36) (104.46)
Struggling No. of fixations  66.18 83.38 [—42.31; 7.93] —1.38 39 .174 -048
(28.93) (41.33)
Aw. fixation 435.61 395.01 [-82.66; 163,84] 0.66 39 .509 0.23
duration (ms) (140.75) (206.48)

Table 6 Expertise differences in teacher gaze in seatwork scene: descriptives and ¢ tests for the number and
duration of fixation

Student profiles Eye tracking Expertise level 95% CI for mean ¢ df p d
metrics difference
Novices Experts
M (SD) M (SD)
Overestimating ~ No. of fixations ~ 74.88 88.00 [37.96, 11.72] —-1.08 39 292 —-0.42
(30.89) (32.35)
Aw. fixation 400.98 309.50 [1.29, 181.25] 220 39 .048 0.83
duration (ms) (119.36) (101.67)
Uninterested No. of fixations ~ 95.88 144.75 [-79.51,—-18.24] —3.23 39 .003 —1.04
(32.81) (57.49)
Av. fixation 382.85 322.95 [-27.89, 147.69] 138 39 .175 0.55
duration (ms) (111.20) (105.13)
Underestimating No. of fixations 114.94 149.51 [—65.56, —3.56] —-2.26 39 .030 —0.99
(40.91) (27.85)
Aw. fixation 360.73 297.63 [-24.59,150.81] 1.46 39 .154 0.56
duration (ms) (108.79) (115.49)
Strong No. of fixations ~ 83.15 105.13 [—48.44, 4.49] —-1.68 39 .10l —0.56
(28.78) (48.54)
Aw. fixation 336.79 264.33 [7.43, 137.51] 225 39 .022 0.95
duration (ms) (84.51) (66.66)
Struggling No. of fixations  76.88 102.13 [-51.08,—-3.28] —1.98 39 .027 -0.86
(34.02) (23.82)
Av. fixation 425.36 318.64 [-12.21,225.65] 1.82 39 .077 0.77
duration (ms) (154.39) (122.77)

Note. Significant p values are in italics
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movement methodology has been mainly applied to the study of teacher gaze in the context of
classroom management, with a focus on attention processes regarding the entire class (Stiirmer
et al. 2017; van den Bogert 2016; van den Bogert et al. 2014; Wolff et al. 2016; Wolff et al.
2015).

In the present study, teacher gaze is investigated in the context of attending to individual
students and inferring underlying student characteristics based on observations (Borko et al.,
2008). Based on empirically identified student profiles (Seidel 2006), teachers participating in
the present study were asked to observe five marked students in a natural, videotaped, and
mathematics classroom setting and make judgments regarding the assumed underlying profiles
of the students based on their observations. Each student represented one specific profile:
strong, struggling, overestimating, underestimating, or uninterested. Teachers’ eye movements
were recorded while they observed the students in the two major scenes of the video sequence:
first, a whole-classroom instruction, and second, an individual seatwork phase.

For these two scenes, different affordances regarding bottom-up versus top-down drivers
for teacher gaze were assumed (DeAngelus and Pelz 2009; Gegenfurtner et al. 2011; Jarodzka
et al. 2013; Schiitz et al. 2011). During the whole-class scene more motion of interaction
between teachers and students was present due to frequent and simultaneous hand raisings and
verbal contributions in comparison to the seatwork scene, in which students worked individ-
ually. Therefrom, it was conjectured that bottom-up drivers might be more involved during the
whole-class instruction scene because the described active student behavior is very salient and
thus a likely driver of bottom-up cognitive processing (Schiitz et al. 2011). For the seatwork
scene, top-down drivers were assumed to play a more dominant role in teacher gaze due to the
absence of active and salient student behaviors such as hand raisings. In order to test this
assumption, the design of an expert-novice comparison was chosen to identify assumed top-
down, knowledge-related differences, particularly for the seatwork scene. We outline this new
study design for investigating teacher gaze in the context of teacher diagnostic competences to
provide a better basis for interpreting the findings as summarized in the follow paragraphs.

To address the first research question, previous research regarding accuracy of teacher
judgment of student profiles was acknowledged and applied to the context of this study (Huber
and Seidel 2018; Kaiser et al. 2017; Linnenbrink-Garcia et al. 2012; Pielmeier et al. 2018;
Praetorius et al. 2017; Siidkamp et al. 2018). Previous studies mainly included in-service and
experienced teachers, without providing systematic comparisons to novices and their typical
misjudgment patterns. The findings of the present study regarding the judgment accuracy of
experienced teachers are in line with previous findings: expert teachers in the present study
were also comparatively more inaccurate in judging incoherent profiles than coherent ones
(except for the incoherent profile of the uninterested student, who was also judged highly
accurately by the experienced teachers of this sample). In addition, the expert-novice com-
parison revealed that expert teachers were significantly more accurate than novices at judging
the incoherent profiles of the overestimating, underestimating, and uninterested students. This
finding is interesting from a pedagogical perspective since these students require adaptive
teacher support regarding further instructional aids, encouragement, and motivation (Hattie
and Timperley 2007).

The second research question explored which observational cues expert and novice teachers
used when inferring to underlying student profiles. Participants’ written responses were first
analyzed inductively and then categorized along three major aspects of body-related, content-
related, and motivation-related indicators. The categorizations were based on observational
classroom research (cf. Seidel et al. 2005). Since research on the connection between teacher
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judgments and observed behavioral indicators is lacking (Spinath 2005; Stidkamp et al. 2018),
answering the second research question was more of explorative nature. However, in line with
our tentative conjectures, the findings of the present study show that both novices and experts
stated about two to three behavioral indicators for each student profile. While experts tended to
state more and a broader range of observed indicators than novices did, these differences
yielded in no significant effect. However, in line with our tentative conjecture, novices more
frequently cited hand raising and quality of answers compared to experts, two indicators which
might be regarded as more salient compared to other student cues, such as expressed
confidence. Experts’ statements, by contrast, were manifold and typically covered a broad
range of body-, content-, and motivation-related indicators.

Overall, the qualitative analysis of behavioral cues revealed a valid pattern regarding the
kind of indicators used for making inferences to underlying student profiles. Previous findings
of classroom studies show comparable results regarding observed student engagement in real
classrooms (Huber et al. 2015; Jurik et al. 2013). Despite these valid responses, however,
further research is required to learn more about possible misinterpretations when determining
underlying student profiles based on observations. Therefore, think-aloud protocols might be
of additional value (Cortina et al. 2015).

To address the third research question, teacher gaze was investigated in order to learn more
about the perceptual processes of noticing and knowledge-based reasoning (Lachner et al.
2016). Thereby, the present study, and the seatwork scene, in particular, could provide first
evidence that expert teachers more frequently fixate on student profiles that might be in need
for further teacher support: struggling, underestimating, and uninterested students. Considering
the diagnostic task, it might be that experts focused on these profiles simply because they were
difficult to judge. However, these three profiles were also those which were most often
correctly assigned. Therefore, the first explanation seems quite likely and experts might have
observed the struggling, underestimating, and uninterested student more closely because of
activated schemas that also involve possible teacher supportive actions (Borko et al. 2008).
Nevertheless, to clarify which one of the two interpretations fit best, future research needs to
combine eye tracking data with additional data sources that give possibility for studying
underlying cognitive processes (Cortina et al. 2015). Novices, by comparison, exhibited longer
fixations overall compared to experts, with significant effects for the strong and overestimating
students. Both findings indicate that top-down drivers might have been involved in the
seatwork scene (Gegenfurtner et al. 2011), resulting in higher frequencies for expert teachers
due to faster information processing, and longer durations for novices possibly due to slower
processing.

Nevertheless, for the whole-class instruction scene, no significant differences between novice
and expert teachers were found although experts showed a tendency, similar to the seatwork
scene, toward more and shorter fixations on all profiles besides the strong one. Therefore, this
finding needs to be interpreted with caution. It supports on the one hand the hypothesis, that both
novices and experts’ gaze are driven by bottom-up processes during whole-class instruction,
when many students show simultaneously active and salient behaviors such as hand raisings or
verbal contributions. However, on the other side the described tendency contradicts the hypoth-
esis and suggests that in line with the information-reduction theory (Haider and Frensch 1996)
experts are even in such complex classroom situations able to focus their attention on relevant
students. To clarify which cognitive processes are underlying novices and experts gaze when
observing different classroom scenes, future research should apply combined measures of gaze
data and for example think-aloud data (Cortina et al., 2015).
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The findings regarding the third research question further expand the method of eye
movement to the field of teacher research. Previous studies on teacher gaze have been
predominantly based on classroom management and focus on answering the question of how
teachers split their attention between monitoring the class as a whole and focusing on incidences
that need specific attention (e.g., specific disturbances) (van den Bogert 2016; van den Bogert
et al. 2014; Wolff et al. 2016; Wolff et al. 2015). In the present study, the professional tasks of
observing individual students as they respond to teachers’ instructional activities and relating
those observations to underlying student characteristics was investigated (Borko et al. 2008).

Studying teacher gaze in this professional context, the extent to which top-down drivers
might be present should be considered in more depth when video scenes are selected. While no
systematic differences were found in the present study for the first scene of whole-class
teaching, the second scene of students participating in individual seatwork revealed hypoth-
esized expert—novice differences as connected with top-down drivers of teacher gaze. Thereby,
it is interesting to consider that expert teachers paid more attention to students who might
require additional teacher support in this scene. From a pedagogical viewpoint, teachers are
often required to implement more individualized working phases since these phases give
teachers more opportunities to monitor the students’ learning progress (Hattie and Timperley,
2007). In the present study, it seems that expert teachers paid closer attention to specific
students and their underlying profiles during the seatwork scene.

Since this is a first study, the findings are limited with regard to their generalizability and
replicability which implies that further studies with different teaching scenes are needed.
However, the present study provides the first insights to applicable research designs and first
findings regarding the interplay between perceptual processes, observed cues, and inferences
to underlying student characteristics. Moreover, the marking of the students with visible letters
throughout the whole video might have forced bottom-up processing due the letters’ saliency
in comparison to top-down processing. In the present study, research questions were based on
a cognitive model of teachers’ professional vision, including both perceptual noticing as well
as knowledge-based reasoning (Lachner et al. 2016). To date, the noticing component has been
mainly determined by post hoc identification of marked events and then linked to knowledge-
based reasoning regarding those noticed events (van Es et al. 2017). In our theoretical
conceptualization, we argued that professional vision research might be moved forward
through the use of teacher gaze as a way to operationalize perceptual noticing in the
professional vision model. The findings of the present study tentatively suggest that adding
teacher gaze to the model can enrich our understanding of the processes involved in
knowledge-based reasoning.

Conclusion

The present study is the first to expand teacher gaze research to the context of teachers’ diagnostic
activities in the process of teaching. Expert teachers tended to pay more attention than novices did
to those students who might be in particular need of further support. In addition, experts tended
also to be more accurate in judging incoherent student profiles based on observed student
engagement. In addition, the present study explored possible relationships between perceptual
processes and teacher judgment by analyzing behavioral cues used to infer to underlying student
profiles. The findings indicate that the observed cues are quite valid with regard to student
engagement, as found in observational classroom research. It can be tentatively concluded that
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assumed expert-novice differences in teacher gaze can also be found for diagnostic activities of
individual students. Furthermore, using teacher gaze as a way to operationalize the noticing
component of teachers’ professional vision seems to be promising.
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