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Reading students’ faces and their body language, checking their worksheets, and keeping eye
contact is a key trait of teacher competence. The new technology of mobile eye-tracking provides
researchers with possibilities to explore teaching from the viewpoint of teacher gaze, but also
introduces many new method questions. This study had the primary aim to investigate teachers’
attention distribution over space: the number and durations of several types of their gazes, and
how their gaze depends on the factors of students’ gender, achievement, and position in the
classroom. Results show that teacher gaze was distributed unevenly across both space and time.
Teachers looked at the most-watched students 3-8 times more often than at the least-watched
ones. Students sitting in the first row and the middle section received significantly more gaze
than those sitting outside this zone. All three teachers made more single gaze visits - looking at
the students but making no eye contact - than mutual gazes or student material gazes. The three
teachers’ gaze distribution also varied substantially from lesson to lesson. Our results are
important for understanding teacher behavior in real classrooms, but also point to the relevance
of appropriate method design in future classroom studies with eye-tracking.
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Introduction

Teaching is a demanding profession. Teaching situa-
tions are characterized by simultaneity, multidimensional-
ity, unpredictability, and immediacy (Doyle, 1977). When
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researching what happens in the classroom, it is of great
importance to understand how teachers orientate them-
selves and attend to the plethora of stimuli, as a means to
further our knowledge of what and whom teachers priori-
tize. Up until recently, our only possibility to investigate
what and whom teachers notice in classrooms was to ask
them: Verbal data has traditionally been the empirical
foundation for research on teachers’ attention distribution,
in combination with observing them during teaching, or
from video recordings of the classroom (e.g. Mitchell &
Marin, 2015; Santagata, 2011; Walkoe, 2015). But re-
cently, with the rise of modern eye-tracking glasses, re-
searchers can explore teachers’ gaze from detailed online
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measurements in the classroom (Cortina et al., 2015; Des-
sus, Cosnefroy, & Luengo, 2016; Kim et al., 2012; Mcln-
tyre & Foulsham, 2018; Mclntyre, Jarodzka, & Klassen,
2019; Mclntyre, Mainhard, & Klassen, 2017; Mclntyre,
Mulder, & Mainhard, 2020; Prieto, Sharma, & Dillen-
bourg, 2015; Sherin et al., 2008; Sherin, Jacobs, & Philipp,
2011; Stiirmer et al., 2017).

Teachers’ gaze distribution

Teachers’ gaze distribution can be described by a gaze
proportion across the people and objects in the classroom.
This proportion is based on measurements of how many
times and for how long a person looks at a specific region
relative to alternative regions. To maximize ecological va-
lidity of research on teachers’ gaze, we need to explore
what expert teachers prioritize in their everyday teaching
practice in actual classrooms. When doing so, some studies
have found that experienced teachers demonstrate greater
equity in their gaze across students than novice teachers
(Cortina et al., 2015; Dessus et al., 2016).

In our study, we focus on three factors that potentially
affect teachers’ visual attention in the classroom: student
gender, student achievement, and overall classroom com-
position. The selection of the factors student gender and
achievement was based on Howe and Abedin’s (2013) re-
view of 92 studies on classroom dialogue, which shows
that 45 of those studies found that students’ gender influ-
enced the dialogue between the teacher and the students.
17 out of the 92 studies showed the same for achievement.

Teachers may believe that they treat girls and boys
equally, but many classroom observations suggest that this
is not often the case (Spender, 1982; Stake & Katz, 1982;
Younger & Warrington, 1996; Younger, Warrington, &
Williams, 1999). Two meta-analytic studies conducted by
Kelly (1988) and Jones and Dindia (2004) indicate that
teachers interact more with male students than with female
students. It is argued that teachers interact on average 10 —
30% more with boys than with girls (Aukrust, 2008), and
this difference has been found to depend on the student’s
grade and the teacher’s personality (Measor & Sykes,
1992). Male students are consistently more outspoken as
well as more unreserved compared to female students
(Sadker, Sadker, & Zittleman, 2009). It has been found
that boys receive more responses from teachers (both
praise and reprimand) than girls (Good & Findley, 1985;
Good, Cooper, & Blakey, 1980; Irvine, 1986; Younger &
Warrington, 1996).

There are several possible reasons behind the observed
gender preferences by teachers. One possible reason can
be related to the greater assertiveness of boys. That is, if
boys are speaking up more frequently in discussions or at
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other times, teachers may feel implored to pay more atten-
tion to them (Francis, 2000; Warrington & Younger,
2000). Another possibility is that some teachers may feel
that boys are more likely to act mischievously. Conse-
quently, teachers may interact with boys more frequently
to keep them focused on the task at hand. Still another pos-
sibility is that boys, compared to girls, may interact in a
wider variety of styles and situations. In other words, there
may be a richer range of opportunities for teachers to in-
teract with boys (Erden & Wolfgang, 2004). On the other
hand, several studies highlight a higher level of negative
attention and tendency to criticize boys in the classroom
(Myhill, 2002; Ohrn, 1993; Tsouroufli, 2002). Despite the
growing evidence on teacher-student gender differentiated
interaction, it can be assumed that teachers are not aware
of taking students’ gender into account when teaching
(Garrahy, 2001; Raider-Roth et al., 2008; Younger, War-
rington, & McLellan, 2005).

A student’s achievement can be seen as another factor
affecting the amount of attention given to the individual
student. It has been found that low achieving boys receive
less feedback and fewer opportunities to respond from the
teacher, which stands in contradiction to boys, in general,
getting more teacher attention (Brophy & Good, 1970).
Higher achieving students acquire not only more attention
(Good, Sikes, & Brophy, 1973) but also more differenti-
ated attention (for an overview, see Good & Brophy,
1987). Conversely, teachers wait a shorter time for the re-
sponses from low achievers, provide less guidance to elicit
the correct response from them, and ask less demanding
questions to low achievers. It was found that teachers who
believed they were interacting with high achieving stu-
dents smiled and nodded their heads more often than
teachers interacting with low achieving students. Teachers
also leaned towards high achievers and looked high
achievers in the eyes more frequently (Chaikin, Sigler, &
Derlega, 1974). Overall, the general demand on low
achievers is less than on high achievers. Later on, this was
emphasized in studies on teacher noticing (professional vi-
sion), especially in terms of developing teacher noticing
for equitable practices (Jong, 2017).

A large video study from the 1960s (Adams & Biddle,
1970) showed that apart from the subject being taught, the
student’s age, and the teacher’s age or gender, there were
physical positions in the classroom identified, where com-
munication was more common than elsewhere. The zone
with more communication had the shape of a reversed let-
ter T: More interaction took place at the front and middle
part of the classroom. In our study, we will refer to this
space as the T-Zone. The existence of the T-Zone was con-
firmed by further studies (Breed & Colaiuta, 1974; Marx,
Fuhrer, & Hartig, 1999; McCroskey & McVetta, 1978;
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Montello, 1988; Pedersen, 1994; Schnitzerova & Rackova,
1995; Schwebel & Cherlin, 1972; Sommer, 1967; Som-
mer, 1969; Totusek & Staton-Spicer, 1982). Moreover,
other studies have found out that students sitting in this
zone get better grades and like the teacher more (Stires,
1980).

To our knowledge, factors of gender, achievement, and
position in the classroom have not been examined yet by
mobile eye-tracking technology that has the potential to
provide more reliable outcomes than observation or using
classroom videos as prompt for verbal data.

Why study eye contact in the classroom?

Critical communication variables present in teacher-
student relationships are represented by nonverbal behav-
ior (Feldman, 1976; WoolFolk & WoolFolk, 1974) as well
as gaze direction, which is considered to be directly related
to individual thoughts since it was evidenced by the eye-
mind hypothesis (Just & Carpenter, 1980) studies (DeWall
& Maner, 2008; Foulsham, Cheng, Tracy, Henrich, &
Kingstone, 2010; Gerpott, Lehmann-Willenbrock, Silvis,
& Van Vugt, 2018; Holland, Wolf, Looser, & Cuddy,
2017; Maner, Dewall, & Gailliot, 2008). Huang (2011) and
Ledbury, White and Darn (2004) suggest that teachers
watch students and listen to them while they perform tasks,
particularly when they look for students’ signs of being
bored or being lost. Thus, eye contact does not have to be
considered as a tool of the teachers to convey messages,
but as a method to interpret the messages students can dis-
play nonverbally via their eyes, mimics, and gestures.

It has been claimed that real communication between
two persons begins only when eye contact is established
(Ergin & Birol, 2005; Gibson & Pick, 1963; Noddings,
2003; Van Manen, 2013). According to Gower and Wal-
ters (1983), the main use of eye contact in the classroom
consists of showing a student, who is talking, that the
teacher is taking notice; checking that everyone is concen-
trating and indicating to a student that the teacher wants to
talk to him. Furthermore, eye contact is used to encourage
contributions when the student is trying to elicit ideas (Fry-
mier, 1994; Kerssen-Griep & Witt, 2012; Richmond,
Gorham, & McCroskey, 1987), to hold the attention of stu-
dents not being addressed and to maintain their attention
(Snyder, 1998). Eye contact can also be interpreted as a
sign of teacher approval or disapproval, affecting motiva-
tion (Otteson & Otteson, 1980).

Many benefits to eye contact in the classroom have
been pointed out in previous research. Fry and Smith
(1975) found that college students performed better on a
coding task when they received instructions from a teacher
gazing at them compared to a non-gazing teacher. Primary
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school children had a greater recall for stories that were
read by a gazing rather than non-gazing teacher (Otteson
& Otteson, 1980). Breed and Colaiuta (1974) found a pos-
itive correlation between the amount of student eye contact
with an instructor and student comprehension. Higher test
scores were associated with increased time looking at the
instructor during discussions and less time looking else-
where about the room. Eye contact also influences the
quality of communication during teaching (e.g. Caproni et
al., 1977; Pedersen, 1977). It has been shown that students
participate more in a seminar when they could make eye
contact with the instructor. An initial look increases the
probability of an ensuing conversation and decreases the
incidence of no talking (Cary, 1978). The effect of direct
gaze on performance has been explained by attentional
processes, suggesting that direct gaze helps to retain atten-
tion in the task (e.g., Falck-Ytter, Thorup, & Bolte, 2015;
Kelley & Gorham, 1988; Otteson & Otteson, 1980; Sher-
wood, 1987; Witt, Wheeless, & Allen, 2004).

Since eye contact and facial expressions are considered
signs for teachers’ self-confidence, they have an impact on
teachers’ credibility and trustworthiness. A teacher who
never looks students in the eye seems to lack confidence
and gives the students a sense of insecurity (Gower & Wal-
ters, 1983; Pollitt, 2006). Eye contact with the students
contributes to teachers receiving higher student evalua-
tions (McCroskey et al., 1995). Breed and Colaiuta (1974)
found that college instructors were not only better liked,
but also produced superior student performance when they
gazed at students using longer gazes during their lectures.
Numerous studies have found that mutual gaze has a pro-
found impact on cognition and emotion across the lifespan,
a phenomenon referred to as the ‘eye contact effect’ (Senju
& Johnson, 2009). Research in social psychology has doc-
umented adult gaze to be part of a system of natural peda-
gogy whereby teachers signal behaviours through eye con-
tact which function as part of an innate framework by
which infants, even newborns, learn (Andersen, 1979;
Csibra & Gergely, 2009; Hamlet, Axelrod, & Kuerschner,
1984). Research has shown that eye contact can be viewed
as a welcoming signal that encourages approach, whereas
averted gaze discourages it (Cary, 1978; Hietanen et al.,
2008) as well as increases rapport/relationship (Ledbury et
al., 2004). When a teacher visually neglects a student, he
interprets that as the teacher having no expectations for
him/her, and we know that students’ performance is di-
rectly influenced by teacher’s expectations (the Rosenthal
effect from Rosenthal & Jacobson, 1966). Positive interac-
tions are characterized by an increased frequency and du-
ration of eye contact (Exline & Winters, 1965). Although
prior research has demonstrated that speakers who direct
more gaze toward their audience are perceived as more
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persuasive, likeable, and competent by listeners (Kleinke,
1986; Segrin, 1993), there has been more recent work (e.g.
Chen et al., 2013), claiming that more eye contact between
the listener and speaker during persuasive communication
predicts less attitude change in the direction advocated.

A sustained gaze from the student to the teacher has
been taken to indicate interest (Neill & Caswell, 1993), but
instructors also quite often notice how students avoid eye
contact. Knapp and Hall (1992) confirm the most common
interpretation of avoiding eye contact is that the student
does not know the answer to a question. Waxer (1974)
points out that students will avoid eye contact when they
simply dislike the subject matter and when they are disin-
terested. Students with low self-esteem or evasive students
are also likely to avoid eye contact (Hartley & Karinch,
2007; Pease & Pease, 2006). Looking away from a
teacher’s face during demanding cognitive activity can
help students to answer cognitively challenging questions
(Glenberg, Schroeder, & Robertson, 1998; Phelps,
Doherty-Sneddon, & Warnock, 2006). While such gaze
aversion is used far less by 5-year-old school children, its
use increases dramatically during the first years of primary
education, reaching adult levels by 8 years of age
(Doherty-Sneddon et al., 2002).

Evidence based on eye-tracking in static social scenes
in laboratory studies postulates a tendency of participants
to fixate the eyes of any faces (Birmingham, Bischof, &
Kingstone, 2009; Foulsham et al., 2010; Smith & Mital,
2013). However, when people are physically present, we
look into their eyes less frequently (Gallup et al., 2012;
Laidlaw, Foulsham, Kuhn, & Kingstone, 2011). This
means, that whatever evidence we can draw from lab-
based experiments, we cannot take for granted that they
translate to the real-world situations (Risko, Richardson,
& Kingstone, 2016). Insights gained from studies using
natural settings are not only helpful but also essential to
properly investigate social attention and the factors that af-
fect eye contact (Kingstone, Smilek, & Eastwood, 2008).

Research questions

The main aim of this exploratory study is to investigate
the gaze distribution of three experienced teachers towards
the students during four lessons each in real-world class-
rooms. The data analysis was supplemented with inferen-
tial tests. Four questions were studied:

Firstly, what is the level of equality or inequality in the
gaze distribution towards each student in the classroom?

Secondly, do teachers’ gaze distributions depend on
specific characteristics of their students, known from pre-
vious research: Will teachers gaze more on boys in com-
parison to girls, will more gaze go to high achievers than
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to low achievers, and will more gaze go to the students sit-
ting in the T-Zone than to those sitting outside the T-Zone?

Thirdly, what is the frequency and duration of teacher
gazes, for mutual gaze (when the teachers were maintain-
ing eye contact with the students), for single gaze (teachers
were looking at the students without the students looking
back) and for gazes on students teaching material (text-
books and notes)?

Fourth, how does that gaze behavior change over time?
Are teachers consistent in their gaze behavior over four
subsequent lessons with the same class?

Methods

Participants

For this study, we used gaze data from three experi-
enced practicing female teachers (at least 5 years of teach-
ing practice) of English as a foreign language. All three
teachers work in the same primary and lower secondary
school located in a small town (approx. 4 000 inhabitants)
in the Southern Moravia Region of the Czech Republic.
Participating teachers were chosen via recommendation of
the school headmaster. Each teacher selected one class to
participate with her in the study. The traits of the teachers
and their classes are provided in Table 1. All three teachers
had very similar characteristics in terms of age, education,
and teaching experience, which helped us to form what we
considered a homogeneous teacher sample for our study.
All the teachers had normal or corrected-to-normal vision.
The teachers were asked to provide information about se-
lected student characteristics. This information is used in
conjunction with the eye-tracking data. Student’s achieve-
ment is based on their overall grade in the last semester. In
the Czech educational system, grades 1 to 5 can be
awarded, 1 being the best, 5 being failed level. We formed
the groups "high’=1 or 2 and "low” =3 or 4. No failed level
(5) student was in any of the participating classes.
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Table 1: Characteristics of teachers and their classes.

Teachers Tl T2 T3

Education Teacher Ed-  Teacher Edu- Teacher Ed-
ucation, MA  cation, MA ucation, MA
degree degree degree

Teaching ex- 12 years 10 years 6 years

perience at

schools (Eng-

lish as foreign

language)

Classroom of  Grade 5 Grade 6 Grade 6

participation  (students (students (students
aged 10 to aged 11 to aged 11 to
11) 12) 12)

Number of 16 students 24 students 16 students

students and (5 girls, 11 (13 girls, 11 (8 girls, 8

their charac- boys; 12 boys; 15 boys; 11

teristics high achiev-  high achiev-  high achiev-
ers; 4 low ers; 9 low ers; 5 low
achievers) achievers) achievers)

Since we could not experimentally control and balance
the number of boys and girls, or low achieving and high
achieving students and their position in the classroom,
their proportions by each teacher are presented in Table 2.
There are some notable imbalances. For instance, in the
classroom of teacher 1, all of the low achieving students
were sitting in the T-Zone area. In the classroom of teacher
3, mostly boys were sitting in the T-Zone area while girls
were outside of the T-Zone area. The majority of low
achieving students were boys for all three teachers.

Table 2: The volume of students according to the position in the
classroom (T-Zone), Gender and Achievement.

Gender
T1 T2 T3
M F M F M F
Achievement Low 3 1 5 4 4 1
High 8 4 6 9 4
Gender
T1 T2 T3
M F M F M F
T-Zone In 7 2 5 7 6 2
Out 4 3 6 6 2 6
T-Zone
T1 T2 T3
In Out In Out In Out
Achievement Low 4 0 5 4 4 1

High 5 77 8 4 71
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Lessons

Altogether 12 lessons of English as a foreign language
(4 lessons by each teacher) were collected. Each lesson
was approximately 45 minutes long, yielding a total of 9
hours of data. This study, aiming to study teacher gaze dur-
ing real class settings, allowed teachers to work with their
classes as usual. They could move across the classroom
and exhibit their everyday teaching behaviors. The only
recommendations given to the teachers were to lead the
lessons with teaching that required communicative situa-
tions, to reduce written examination of students during the
recorded lessons, and to keep the students sitting at their
usual places in the classroom. The seating configuration
for the students was arranged by the teachers. Students
were sitting in this arrangement for a longer period before
our data collection started. The classroom seating arrange-
ment in all three cases consisted of a pair pod setup, in
which students face the teacher with their backs to other
students. This seating arrangement is still very often used
at Czech primary and lower secondary schools.

As for the lesson content, teacher 1 used mostly whole
class work with activization elements (games, activities
done outside students’ desks) with individual work mixed
in. On the other hand, teacher 2 centers her lessons around
pair and group work, using individual work as preparation
for it and whole class work mostly as its introduction and
wrap up. For teacher 3, a large proportion of whole class
work was typical, while individual or pair work appeared
mostly in phases of completing tasks. Despite our recom-
mendation to include communicative tasks, all teachers
emphasized grammar and vocabulary work through their
choice of activities and through their remedial work;
teacher 2 consistently included information gap activities,
albeit aimed at practicing grammar and vocabulary. The
lessons were fairly consistent in structure, although the
proportion of the three types of work varied slightly.

To the best of our knowledge, no previous studies have
recorded more than one full lesson of eye-movement data
from the same teacher. If there is substantial variation in
gaze behavior between lessons, recording a single lesson
per teacher runs the risk of not describing the typical be-
havior of that teacher. For this reason, we have selected to
record four full lessons per teacher, so we can investigate
the consistency of teacher gaze behavior over time.

Apparatus and data collection

During the lessons, teachers wore SMI Eye Tracking
Glasses 2 Wireless (ETG; 60Hz). Prior to the start of data
collection, all teachers tried and tested the glasses. Before
each recording, a 3-pt calibration was used to ensure good
calibration accuracy. Participants were asked to fixate on
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3 locations in the classroom (within a participant’s field of
view). The eye-tracker also yielded audio recordings. The
data was collected during autumn 2018. The process con-
sisted of four individual recordings of subsequent lessons
for each teacher, followed by four interviews regarding the
students’ characteristics, teachers’ professional back-
ground and teachers' impressions of the recorded lesson.
The feedback on the possible interference of eye-tracking
glasses with student and teacher behaviour was discussed.

Before data collection began, consent and agreement
forms signed by the teachers and by all the students’ par-
ents were obtained, which were in agreement with the
GDPR (General Data Protection Regulation), the Euro-
pean Data Protection Regulation (EU) 2016/679, which is
applicable as of May 25th, 2018 in all member states to
harmonize data privacy laws across Europe. The study was
approved by the Research Ethics Committee — Masaryk
University.

Coding and data processing

All the recorded data were uploaded into the SMI Be-
Gaze analysis software, in which a reference view image
was made with the configuration of the classroom arrange-
ment for each teacher and each lesson. Figure 1 shows the
prearranged reference view image for the first lesson of
teacher 1. In the next step, areas of interest (AOIs) were
drawn over the reference view images. Student-related
AOIs were made not only for each of the students sitting
in the classroom but for three possible modes per student.
Each student had a red colored AOI named mutual gaze,
representing cases of mutual eye contact between the
teacher and the student. The blue colored AOI named sin-
gle gaze was used when the teacher was looking at the stu-
dent (face or upper body area), but the student was looking
somewhere else. When the teacher was looking at the stu-
dent’s material (book, notebook, worksheet), we used a
green colored AOI named student material. We use the
short-hand MG, SG, and SM for these three cases (see Fig-
ure 1). Eye-tracking data was then manually coded, fixa-
tion by fixation, using the Semantic Gaze Mapping feature
of the SMI BeGaze software.
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Figure 1: Reference view image with pre-drawn AOIs in SMI
Semantic Gaze Mapping in BeGaze software.

Eye movement measure considerations

Previous literature has reported results from classroom
recordings using the number of fixations as their funda-
mental eye-movement measure (Cortina et al., 2015; Kim,
Byeon, Lee, & Kwon, 2012; Mclntyre et al., 2019; Mcln-
tyre & Foulsham, 2018; Prieto et al., 2015; Stiirmer et al.,
2017). This choice makes the results dependent on the
event detector used for calculating fixations, its ability to
compensate for head movements, its sensitivity to noise
and the resolution of the eye-tracker. Therefore, we chose
to base our results on two less sensitive measures
(Holmqvist & Andersson, 2017), illustrated by Figure 2.

Visits (number during each lesson) — how many times
the teacher entered an AOI, or in other words, looked at a
student.

Dwell Time (average during each lesson) — for how

long the teacher stayed during each visit to an AOI (stu-
dent).

Figure 2: Fixations vs. visits and dwell times.
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Figure 2 shows that the student to the left has been vis-
ited once, with a total dwell time of 986 milliseconds (ms),
divided into 8 fixations. The student on the right has been
visited twice: Once, the dwell time was 1196 ms, and the
second dwell time was 786 ms. The number of visits (1 on
the left, and 2 on the right) in combination with the total
duration of each visit (986 ms on the left, and 1196 ms and
786 ms on the right) is a better basis for comparison than
the number of fixations.

In Table 4 and Figure 5 below, we make parallel anal-
yses with fixations vs. visits and dwell time and other com-
mon eye-movement measures, to illustrate the importance
of selecting the appropriate measures for classroom re-
search.

Analysis of data

All analyses of data were done using R 3.6.1. GINI cal-
culations were made using the function gini from the pack-
age “Reldist”. Linear regressions were modeled for the
number of visits and average dwell time, using the Im com-
mand, with a teacher, type of AOI, gender, achievement,
and T-Zone as predictors. Because this is a case study
where we do not attempt to generalize over teachers or stu-
dents, we chose not to model teachers as random factors,
and because they constitute AOIs, the students were also
not modeled as random factors. Also, we were not looking
for interactions, which Table 2 suggests would be caused
by natural, unbalanced data. The following was the Im call.

fit <- Im(Visits ~ Teacher + Lesson + Type of AOI +
Gender + Achievement + T.zone, data = zuz, na.action =
na.omit)

Results

Variety in the teachers’ gaze distribution

To inspect the variety in teachers’ gaze distribution to-
wards students, we first calculated differences in students’
visits between the most and least visible students. In this
part we combine single gaze and mutual gaze AOIs, but do
not include student material AOIs, to make results compa-
rable to the two previous studies (Cortina et al, 2015 and
Dessus et al., 2016). Table 3 indicates the contrast of num-
bers of visits to the most and least-watched student in the
classroom during each lesson. The mean values of this dif-
ference are showing that the smallest difference (38 visits)
was found by the teacher 2. For the lessons’ variation, the
smallest was observed again by the teacher 2.
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Table 3: The absolute and relative difference in visits between
the most and least attended students.

T1 T2 T3
Abs. Rel. Abs. Rel. Abs. Rel.
diff.  diff.  diff. diff. diff.  diff.

Visits Visits Visits  Visits Visits Visits
Lesson1 71 6.5 38 7.6 136 9.1
Lesson2 99 3.7 62 103 87 3.9
Lesson3 57 0.8 81 6.8 73 3.2
Lesson4 83 2.8 66 16.5 87 2.5
MEAN 78 3.5 62 10.3 96 4.5

Table 3 shows that all three teachers look at (visit by
gaze) the most attended student 3-8 times more often
(around 80 more looks) than the student least looked at
during the average lesson. This is an extreme difference
and it raises the question of whether teachers are unfair in
their distribution of gaze or whether this variation is an ad-
aptation to specific means of managing the classroom.

A complete overview of the equality of gaze distribu-
tion across all the students in the classroom (rather than
just the most and least visible ones) is provided by calcu-
lating GINI coefficients. To describe the distribution of
gaze, several measures could be used (range, variance,
etc., see Holmqvist & Andersson, 2017, p. 501-514.). The
GINI coefficient, frequently used in sociological and eco-
nomic research as a measure of statistical dispersion, is the
most commonly used measurement of inequality. It has
been used in previous eye-tracking research (Cortina et al.,
2015; Dessus et al., 2016). The GINI coefficient is a more
appropriate measure of inequality of distribution in this
case, than range or variance, because the measures for stu-
dents are not statistically independent. If student A re-
ceives a lot of attention from the teacher, less is left to dis-
tribute among the others (Cortina et al., 2015). A GINI co-
efficient of zero expresses perfect equality, where all the
students have received the same amount of gaze from the
teacher. A GINI coefficient of one expresses maximal in-
equality among values: One student gets all the attention
and all other students are ignored (Bellu & Liberati, 2006;
Mussard, Seyte, & Terraza, 2003).

The calculated GINI coefficients for our data suggest
that gaze across all the students in the classroom was not
distributed perfectly equally (GINI coefficient of zero):
Table 4a indicates that some students or groups of students
are obtaining more attention than others. The GINI coeffi-
cient values identified were similar among all three teach-
ers.
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Table 4a: Mean GINI coefficients of mutual gaze and single gaze
visits values using data from all four lessons by each teacher.

T1 T2 T3 MEAN
Visits 0.36 0.37 031 0.35

For the purpose of comparing the GINI of visits to
those of other measures, in Table 4b we also present GINI
coefficients for Average dwells and Fixation durations,
two common measures used in classroom research.

Table 4b: Mean GINI coefficients of average dwell, number of
fixations, relative dwell time and fixation duration values, using
mutual gaze and single gaze data from all four lessons by each
teacher.

T1 T2 T3 MEAN
Average dwells 0.19 0.21 0.19 0.20
Number of fixations 0.41 0.43 033 0.39
Relative dwell time 0.41 0.44 034 0.40
Fixation durations 0.10 0.12 0.08 0.10

Teachers have lower GINI scores for average dwells
than for visits, which tells us that they are less unequal with
the duration that they spend looking at students. Number
of fixation and relative dwell time are amalgamated
measures combining visit and average dwell information.
Teacher fixation durations do not seem to vary much for
different students.
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Figure 3: GINI coefficients of mutual gaze and single gaze visits
for three teachers over four consecutive lessons.
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Irrespective how we measure, the GINI values are sim-
ilar between teachers, when taken across all four lessons.
However, as shown in Figure 3, all teachers’ equality in
the distribution of attention fluctuated considerably over
the lessons, especially for teacher 1. In other words, the
same teacher may behave very differently when we com-
pare different lessons.

Gaze distribution with respect to the three
characteristics of the students

We have analysed the gaze distribution with respect to
the three selected characteristics of the students: their gen-
der, achievement, and position in the classroom.

The linear regression model of the number of visits re-
vealed significant effects in the factors of teachers
(F(2)=70.5; p<0.001) and the position in the classroom (re-
ferred to as the T-Zone) (F(1)=24.8; p<0.001). No interac-
tion effects were found. Closer inspection showed that
teacher 2 visited all students related AOIs less than teacher
1 by 13.6 + 1.5 visits (t=-9.3; p<0.001). Teacher 3 and
teacher 1 visited student’s related areas with similar rates
— no significant differences were identified. Overall, there
was a significantly higher rate of visits for the T-Zone area
by 5.9 £+ 1.2 visits compared to outside the zone (t=-5.0;
p<0.001).

We further inspected trends in gathered data using
graphs. There was an apparent trend of more visits inside
the T-Zone area, which is reflected in the results of the lin-
ear regression. In contrast to earlier findings in literature
(Aukrust, 2008; Jones & Dindia, 2004; Kelly, 1988), our
Figure 4 did not show any specific tendency to pay more
attention to either boys or girls and no tendency to pay
more attention to either high or low achieving students.
Figure 4 also shows a large variability within each teacher,
which is not explained by the three factors Gender,
Achievement and T-Zone, when data are collapsed over
the whole lessons.
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Figure 4: Number of visits to boy and girl students (left); number of visits to high and low achieving students (middle); number of
visits to students sitting in and outside the T-Zone (right) for each teacher (mean values of four lessons).
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Figure 5a: Frequency (left) and duration (right) of visits. Single gaze visits are most common for all three teachers. Student material
gazes have the longest visit durations for all three teachers (the data includes all four lessons).
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We argued above that the measures we use, visits and
average dwell time, provide more beneficial information
than the more commonly used measure: number of
fixations. In Figure 5a, we plot comparisons of the
frequency (left) and duration (right) of all the visits
(gazes/looks) at students throughout all four lessons,
reported separately for mutual gaze (MG), single gaze
(SG) and gaze on student material (SM). The charts in
Figure 5a show that all three teachers made significantly
more single gazes (on average 18 more) than any other
kind of gaze (t=13.1, p<0.001). The most common
behaviour was the teachers looking at the students and
students were not looking back to them. The number of
mutual gazes (visits/looks) was about the same as the
number of looks at student material.

However, the low frequency of student material gazes
is strongly contrasted by their longer durations compared
to both mutual and single gaze. This difference in
frequency and duration between the categories highlights
the specific nature of each kind of gaze. Some categories
of gaze are frequent and short (single gaze) while others
are less frequent and longer (student material).

Maybe surprisingly, the behaviour we see so clearly in
Figure 5a will not be visible in studies that use other met-
rics. In order to demonstrate the importance of measure se-
lection, we have plotted in Figure 5b the same data using
common measures from literature. It can be clearly seen
that the effects in Figure 5a are no longer visible. This is
because of the amalgamating behavior of Number of fixa-
tions and Relative dwell time. In Figure 5b, these two
measures produce equal bars for the SM and SG AOI
groups. Average fixation duration just reflects individual
differences in oculomotor control. We know from Figure
Sa that fewer but longer SM contrast against more frequent
but shorter SG gazes. In Figure 5b this finding is hidden
by the choice of measures.
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Figure 5b: Three measures commonly used in classroom re-
search: Relative dwell time, Number of fixations and Average
fixation duration.

Proportions of dwell time of mutual gaze, sin-
gle gaze, and student material

The proportion of dwell times and frequency is visual-
ised in Figure 6 which shows that single and mutual gaze
have identically short dwell times while the dwell times
for the student’s material can be both short and long. This
difference suggests a double function of gazes on student
material: briefly checking vs. the need for intervention
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Figure 6: Kernel density plot of dwell time durations of mutual gaze, student material, and single gaze.
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Figure 7: Visits distribution for mutual gaze, single gaze and student material for each teacher and each lesson.

There is a possibility that visits to mutual gaze, single
gaze, and student material vary over the four lessons for
all three teachers. These data are plotted in Figure 7 which
indicates that teacher 1 and teacher 2 have a similar devel-
opment of behaviour over lessons. Figure 7 also suggests
a trade-off in the number of visits between the single gaze
and student material gaze. In contrast, teacher 3 appears to
behave entirely differently.

The large variation in Figure 7 is puzzling, but proba-
bly reflects a variety of teaching behaviour across the les-
sons. To quantify whether such a variety across lessons ex-
ists also for other factors, we calculated the same kind of
plots for visits depending on gender, achievement, and T-

Zone. We then calculated the variety across lessons using
standard errors of variety.

In the left part of Table 5, the standard errors of the
nine plots in Figure 7 are shown. Note how the standard
errors correspond to the variety across lessons observed in
Figure 7. The remaining part of Table 5 shows standard
errors for the other factors. We can see that the highest va-
riety in visits across lessons was observed for the student
material category and the outside of the T-Zone category.

Again, this does not apply to teacher 3, only to teacher
1 and teacher 2. Teacher 3 is demonstrating less varied be-
havior.
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Table 5: Visits: Standard errors of variety across four lessons.

VISITS T1 T2 T3 MEAN
MG 0.188 0.094 0.304 0.195
SG 0.295 0.203 0.184 0.227
SM 0.527 0.501 0.184 0.404
F 0.275 0.279 0.185 0.247
M 0.150 0.353 0.262 0.255
High 0.204 0.324 0.190 0.240
Low 0.133 0.247 0.286 0.222
IN 0.173 0.301 0.237 0.237
OUT 0.310 0.370 0.227 0.303
MEAN 0.251 0.297 0.229

Data exploration for follow-up research

Since the data indicated great variety in single gaze,
mutual gaze and student material gaze over the 4 lessons,
we decided to also explore possible variation within the
lesson to illustrate the tentative reasons for the differences.
A 45-minute lesson can be expected to be structured into
small units that may be very different in-between them. As
an example, we have plotted data from teacher 1, who had
the largest variety across lessons of gaze on student mate-
rial (Table 5). We have applied a 5 second averaging filter
to the raw AOI over time data to produce these plots.
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Figure 8a: At the start of the lesson.

In Figure 8a, we can see that teacher 1 starts the lesson
with many SG gazes on pupils (blue), with very few MG
gazes (red). Scanning the class at the start of the lesson is
concluded by briefly gazing at student material (green).
After a 1-minute break, teacher 1 starts the next activity,
which again features SG gazes but now with more frequent
and longer mutual (MG) gazes.
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Figure 8b: Activity during the period 26-38 minutes into the les-
son.

After about half an hour of activity spurts that involve
MG and SG, Teacher 1 spends six minutes almost exclu-
sively reading student material (Figure 8b). In this record-
ing, time spent reading student material is not equally dis-
tributed over the lesson. SM gazes are focused to a few
very concentrated periods, during which the long dwell
times of Figure 6 are produced. SG and MG are much more
equally distributed over time. This also explains the results
in Figure 5 that we see fewer but longer SM compared to
SG when we average over the whole lessons.

Discussion

We have explored the distribution of gaze of three ex-
perienced teachers in their real-world classrooms using
mobile eye-tracking technology during 12 complete les-
sons of English as a foreign language. Results show sub-
stantial variation in gaze distribution between teachers,
and between individual lessons of each teacher, as well as
inequality of gaze distribution towards individual students.
In the following sections, we summarize and discuss the
key findings.

Variety in the teachers' gaze distribution

There is a large gap between the number of times a
teacher gazes on the most and least watched students in the
classroom, with the most watched students receiving 3-8
times more gaze (around 80 more looks). This is an ex-
treme difference and it raises a serious question as to
whether the teacher should be considered as unfair in their
attention distribution towards their students, or whether
this variation represents an adaptation to a specific means
of managing the classroom, or there is a different underly-
ing cause.

The results from calculated GINI coefficients demon-
strated that the gaze towards all students in the classroom
was distributed unequally, which suggests that some stu-
dents or groups of students obtain more attention than oth-
ers. The GINI coefficient of values for visits were similar
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among all three teachers (0.36; 0.37; 0.31). GINI coeffi-
cients were lower for average dwell time, which suggests
that teachers are fairer with how long they look at students,
and more unfair with how many times they look.

Previous studies used GINI coefficient with amalga-
mated measures. Cortina et al. (2015) reported GINI coef-
ficients for the number of fixations per students in a 45-
min class period, finding for expert teachers (n = 12) the
mean value 0.27 and for novice teachers (n = 12) 0.34
(compare to our participants’ values of 0.41; 0.43; 0.33).
Dessus et al. (2016) calculated their GINI coefficients
from the Relative total dwell time (amalgamation of visits
with dwell time) per students in a 45-min class period, and
found for expert teachers (n = 2) the mean value 0.35 and
0.29 and novice teachers (n = 2) 0.33 and 0.32, compared
with our teacher participants at 0.41, 0.44 and 0.34.

Our conclusion is that so far it has not been consistently
shown that gaze distribution becomes more equal with
more experience.

Gaze distribution with respect to the three
characteristics of the students

Previous classroom interaction studies have repeatedly
found that more attention goes towards boys than towards
girls (Aukrust, 2008; Jones & Dindia, 2004; Kelly, 1988),
to the high achievers more often than to the low achievers
and, finally, more attention goes towards the students sit-
ting in the T-Zone than towards those sitting outside the T-
Zone. In contrast, we found no effects on the factor of gen-
der. It is unclear why, but we note that it has been shown
that the professional vision of teachers of science and
mathematics is different from the professional vision of
teachers of social sciences and the humanities domain
(Blomberg, Stiirmer, & Seidel, 2011). It is possible that
teachers in the English as a second language class gaze
equally towards boys and girls and if we had measured
three science teachers, we would have seen a difference
based on gender. Another explanation could be a change
in teacher perception of gender: The majority of previous
studies showing that teachers pay more attention to boys
were made in the 20th century when gender differences
may have been more strongly expected by teachers than
they are today, which would guide their gaze differently.
In any case, the gender question deserves a deeper review
of a larger sample of teachers across subjects and possibly
also in diverse cultural contexts.

Similarly as in the case of gender, in contrast to previ-
ous studies, we found no effect on teacher gaze for the fac-
tor of student achievement.
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However, for the students sitting in the T-Zone, teach-
ers made about 5 more visits (t=-5.0; p<0.001)) per lesson
and student, compared to those sitting outside this zone.
This is in line with many previous results showing that
teachers tend to look more at students sitting at certain
places in the traditional classroom seating arrangement
(Adams & Biddle, 1970; Breed & Colaiuta, 1974; Marx et
al., 1999; McCroskey & McVetta, 1978; Pedersen, 1994;
Schnitzerova & Rackova, 1995; Schwebel & Cherlin,
1972; Sommer, 1969; Totusek & Staton-Spicer, 1982).

Since the linear regression of visits signaled signifi-
cant effects only for the factor of position in the classroom
(besides teacher and type of AOI), among our three se-
lected factors, and the explained variance is relatively low
(R2=0.40), there must be other underlying factors causing
this variation in where teachers choose to place their gaze.
These could include personality characteristics of the
teachers, progression of the teaching activity over a lesson,
or between lessons. The findings can also be interpreted in
the context of teacher expertise, in that expert teachers act
in the classroom concerning the whole personality of the
student and the actual practice of the teacher is predomi-
nantly oriented on a long-term period that goes beyond a
particular lesson (e.g. Kirschener & Watson, 1998).

Alternatively, taking into account the relatively high
GINI coefficients mentioned previously, and the influence
of classroom position on gaze distribution, we can ask
whether they are a sign of lack of quality teaching among
our participants, despite their experience. Further gaze dis-
tribution studies conceptualizing teaching quality and ex-
pertise beyond years of experience could help us under-
stand which of the alternative explanations for our findings
is more feasible.

Frequency and duration of mutual gaze,
single gaze, and gaze on student material

Our data show that all three teachers made on average
18 more single gazes per student during each lesson than
mutual gazes and student material gazes. The number of
mutual gazes and gazes at the student material was about
the same. These findings are in line with previous studies
that show student-centered mentality of teachers (Wolff et
al., 2016) with prevalence of single gaze (Mclntyre et al.,
2019). This could be caused by multiple functions of the
gaze in naturalistic classrooms. One is checking where the
teacher is looking around at the students inspecting who is
paying attention and searching for signs of students being
bored or lost (Ledbury et al., 2004; Huang, 2011). Mostly
during inspections, students will not be looking in the di-
rection of the teacher, and there is only the odd accidental
mutual gaze. Other functions of teachers’ gaze are to sup-
port students who are currently talking (Gower & Walters,
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1983), or to use gaze as a sign of approval or disapproval
(Otteson & Otteson, 1980). In these two functions, a single
gaze and mutual gaze could both be used, with proportions
that reflect the needs of the situation. A third reason for the
dominance of single gaze over mutual gaze is the inten-
tional gaze aversion that students do when they do not
know the answer to the question (Knapp & Hall, 1992);
when answering cognitively challenging questions (Glen-
berg, Schroeder, & Robertson, 1998; Phelps, Doherty-
Sneddon, & Warnock, 2006); or gaze aversion by students
with low self-esteem (Hartley & Karinch, 2007; Pease &
Pease, 2006).

When it comes to gaze duration, we found that single
and mutual gaze both have short dwell times (about
500 ms on average). In experimental laboratory research,
participants tend to terminate mutual gazes earlier than sin-
gle gazes (e.g. Helminen, Syriala, & Hietanen, 2011), but
in our classroom data, this was not the case. Moreover, on
average, the longest gaze was on student material areas.
This contrasts with the results of Mclntyre’s et al. (2019)
study of expert teachers. It is important to note, however,
that in our data, longer average gaze durations were caused
by some very long dwell times (up to 5500 ms) recorded
when teachers provided intervention in connection with
student materials. The underlying function of each form of
gaze is vital in interpreting the outcomes in the different
eye-movement metrics.

Variety in single gaze, mutual gaze and
student material gaze over the 4 lessons

Our analyses of gaze over consecutive lessons show
that both teacher 1 and teacher 2 are utilizing a trade-off
strategy between the single gaze and student material gaze:
More visits by single gaze covaries with fewer visits to stu-
dent material and vice versa. Teacher 3 behaved differ-
ently, however, with no obvious co-variation and a more
stable behaviour across lessons.

The highest variation, measured as standard error, in
the number of visits to AOIs across lessons was observed
for the student material and the outside of the T-Zone cat-
egories. Variation for the student material category can be
caused by varying activities and tasks when the students
need to work with their material during each lesson. Vari-
ation for the outside of the T-Zone category might be be-
cause mostly low achieving students were sitting inside the
T-Zone area, leaving the majority of higher achieving stu-
dents and few low achievers to have a position outside the
T-Zone area. Low achievers may need constant amount of
attention throughout all the lessons in contrast with higher
achieving students, so the area inside the T-Zone could be
more stable with more visits (as it was displayed in Figure
4.(c)) with more teachers’ attention contrary to the area
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outside of the T-Zone where the attention may vary more.
In general, teachers arrange the teaching processes (incl.
sitting order) according to expectations on students —
teachers create their own “diagnosis” of each student
(Hawkins, 2002) to prevent inappropriate behaviour.

Again, this does not apply to teacher 3, who demon-
strated a less varied behaviour. We note that teacher 3 has
the shortest teaching experience (6 years) compared to
teacher 1 and teacher 2 with 10 and 12 years of teaching
experience respectively. According to PiSova et al. (2013),
one effect of having experience as a teacher is the ability
to improvise and adapt to the actual situation in the class-
room. Expert teachers can be expected to not act the same
way in every lesson, as they respond to each current situa-
tion, and changes in the future, and it cannot be expected
that teachers with different experiences will have the same
patterns in their distribution of gaze.

These data were collected for four consecutive les-
sons, which allowed us to study this variety. In many pre-
vious studies that collected eye-tracking data about teach-
ers’ visual attention in real-world classrooms, the authors
either recorded a few minute-long sequences from a single
lesson or one entire lesson, which allowed them to include
a larger number of teachers in their samples instead of sev-
eral lessons (Cortina et al., 2015; Dessus et al., 2016; Kim,
Byeon, Lee, & Kwon, 2012; McIntyre & Foulsham, 2018;
Mclntyre, Jarodzka, & Klassen, 2019; Mclntyre, Main-
hard, & Klassen, 2017; Mclntyre, Mulder, & Mainhard,
2020; Prieto et al., 2014; Sherin et al., 2008; Sherin et al.,
2011; Stiirmer et al., 2017). Our results show that studies
would benefit from recording the same teacher over sev-
eral lessons.

Future work

As a further step, it would be interesting to systemati-
cally explore how the values — number of visits for boys
and girls; low achievers and high achievers; students sit-
ting in and outside of the T-Zone and different types of
gaze (single gaze; mutual gaze and student material gaze)
change within finer time sections, e.g. during 0.5-minute
intervals of the lesson. Changes within the lesson could be
based on the different activities and tasks happening dur-
ing the lesson, teacher-student interaction sequences, as
well as the natural flow when different patterns could be
expected for the beginning, main part and last minutes of
the lesson when the students may be tired and less atten-
tive. Figures 8a and 8b provided us a first glimpse of what
this kind of analysis could look like.

As a part of the study, we highlighted the importance
of appropriate metric selection (visits, dwell time, number
of fixations etc.). Our analyses showed that using different
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metrics yields different perspectives on gaze distribution
and thus on teachers’ visual attention in general. Further
discussions on the best fitting metric should ensue.

Lastly, gaze distribution as a proxy of teaching quality
should be further explored. Findings of this and previous
studies provide different results on gaze distribution of be-
ginning, experienced, and expert teachers. Studies using
eye movement metrics in combination with thorough con-
ceptualization of teacher expertise would be beneficial.
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