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� Mobile gaze tracking method offers novel insight to research on teacher-student interaction.
� Teacher's visual attention is in interaction with his intentions of scaffolding students' problem-solving process.
� Reflecting the intentions of instruction and visual attention could benefit novice teachers in professional development.
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a b s t r a c t

Teachers' role in scaffolding students' problem-solving process is crucial. New technology provides re-
searchers with possibilities to explore this aspect of teaching from the viewpoint of teacher attention.
The aim of this mixed-method case study was to investigate the relation between a teacher's scaffolding
intentions and his gaze behavior. The data was collected during a mathematics lesson using mobile gaze
tracking devices, stationary video cameras, and interview. The results show that the teacher's scaffolding
intentions affected his gaze targets significantly and that mobile gaze tracking can provide novel insight
to situational processes of teacher-student interaction.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Teacher scaffolding is essential for beneficial learning in
collaborative problem solving (Alfieri, Brooks, Aldrich, &
Tenenbaum, 2011; Fyfe, Rittle-Johnson, & DeCaro, 2012). Various
studies have shown that students need teacher scaffolding to
achieve learning goals during problem solving (Alfieri et al., 2011;
Mayer, 2004). Teacher feedback on problem-solving strategies has
even more impact on student's achievement than their content
knowledge (Fyfe et al., 2012). Teachers also guide students'
collaboration through their gaze (McIntyre, Mainhard, & Klassen,
2017).

A teacher-student relationship is built on moment-to-moment
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interactional processes in the classroom (Pennings et al., 2018).
The social interaction in the classroom affects a teacher's visual
attention (Prieto, Sharma, Kidzinski, & Dillenbourg, 2017). Recent
research has shown the uneven distribution of teachers' visual
attention among students (Dessus, Cosnefroy, & Luengo, 2016) as
well as the connection between teacher expertise and student-
orientation of gaze behavior (McIntyre et al., 2017). Through
expertise, the teachers' attention in the classroom becomes more
intentional, using more top-down mechanisms of perception. As
they interpret the visual cues, expert teachers purposefully focus
on targets that include relevant information for the instruction
(Wolff, Jarodzka, van den Bogert, & Boshuizen, 2016). Thus, we call
teachers' attention intentional. However, the role of the teacher's
visual attention while scaffolding a problem-solving process has
remained unexplored. This mixed-method case study combines
mobile gaze-tracking data with classroom videos and stimulated
recall interviews to explore a teacher's actions, interaction, and
gaze behavior during a ninth-grade collaborative mathematics
problem-solving lesson. As the momentary scaffolding interaction
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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is a crucial benefit for learning in mathematical problem solving,
this study examines the intentional attention that directs the
teacher's momentary interpretations and pedagogical decisions
while scaffolding students' problem-solving processes.

2. Scaffolding collaborative problem solving

Problem solving is a central method of instruction in mathe-
matics education (T€orner, Schoenfeld, & Reiss, 2007) due to its
importance in today's increasingly interconnected world (OECD,
2017). According to the Finnish national curriculum, learning
together stimulates curiosity and interest and promotes pupils'
creative and critical thinking and problem-solving skills, as well as
their ability to understand different perspectives and phenomena.
While solving problems, student argue, reason, and make conclu-
sions and new inventions about mathematical contents (FNBE,
2014).

In collaborative problem-solving processes, students construct a
model of the problem task using their mathematical knowledge
and solve it in interaction with each other and the teacher. The
teacher has an important role in helping students generalize their
solutions to build a more abstract understanding of the situation
(Polya, 1957; Rosales, Vicente, Chamoso, Mu~neza,&Orrantia, 2012).
Shared negotiations are a part of the process that enhances the
efficacy of learning (Cross, 2009). The teacher's role in securing the
affective and mathematical negotiation requires adapting the
guidance situationally aligned with his or her pedagogical in-
tentions (Akkus & Hand, 2011) and perceptions (Van de Pol,
Volman, & Beishuizen, 2010).

During the collaboration phase of a problem-solving process,
teachers tend to wander about in the classroom to both assess and
guide students as they work (Stein, Engle, Smith, & Hughes, 2008).
Wood, Bruner, and Ross (1976) were the first to define scaffolding
as the teacher's guiding role in students' problem-solving learning
process in order to help them to achieve the learning goals in their
zone of proximal development (Vygotsky, 1978). A sufficient
amount of proper scaffolding directs students' attention towards
reaching the learning objectives (Frith & Frith, 2012; Schnotz,
2010).

According to Van de Pol et al. (2010), scaffolding is a contingent
interactive process between the teacher and students. The teacher
interprets students' needs for support and fades out its amount and
intensity as students' actions and competence allow. Through
fading, the teacher's role in problem solving diminishes and the
responsibility for the process is transferred to the students (Van de
Pol et al., 2010). In the context of mathematical problem solving,
students should be free enough to activate their cognition, and
guided enough to direct this cognition into useful learning (Mayer,
2004). The right balance of guidance and autonomy is individual as
students have different kinds of needs. On one hand, for students
with low mathematical abilities, problem solving can cause an
overload on their working memory, which teacher's advice can
help to reduce (Fyfe et al., 2012). On the other hand, the teacher
should have the courage not to offer the students unnecessary in-
structions (Schnotz, 2010) and, when they are working on a prob-
lem, to remain quiet enough (Fyfe et al., 2012).

Scaffolding is a teacher's activity and skill that includes teacher-
student interaction with certain structures and intentions (Van de
Pol, Volman, & Beishuizen, 2012). In their literature review, Van
de Pol et al. (2010) defined three intentions of scaffolding that
support students' cognitive, affective, or metacognitive activities,
combining theoretical and empirical studies on one-to-one and
group-level teacher-student scaffolding.

Cognitive scaffolding means either structuring the problem for
students, or adapting the problem task to correspond with
students' competences (Van de Pol et al., 2010). Problem solving is a
cognitive process that directs effort towards finding a solution to a
problem using and combining cognitive strategies in a way that is
novel to the student. It includes representing, planning, executing,
and self-regulating the problem task (Mayer & Wittrock, 2006).
Teachers can support these cognitive activities by explaining and
modeling the task, posing questions, and offering hints (Van de Pol
et al., 2010). However, teachers need to avoid restrictive funneling
of the thinking process (Anghileri, 2006).

The social interaction and mathematical thinking should both
be supported during all phases of a mathematical problem-solving
process (Ding, Li, Piccolo, & Kulm, 2007). Without the teacher's
cognitive scaffolding, students simply tend to apply relevant algo-
rithms to find proper numerical solutions and leave the model-
creating and the self-regulation parts out of the process (Rosales
et al., 2012). Reaching the objectives of mathematically elegant,
reflected solutions requires target-oriented student interaction and
collaboration (Mayer, 2004). This may come about by sharing in-
dividual thinking verbally to confirm understanding or to notice
misunderstandings in the task (Cross, 2009).

Affective scaffolding refers to teacher activities to prevent frus-
tration and increase student motivation (Van de Pol et al., 2010)
through encouragement and approval of student activities
(Anghileri, 2006). The success of collaborative problem solving is
not a direct result of group members' abilities. Instead, imple-
menting academic skills requires high-quality peer interaction
(Barron, 2003). Joint attention enhances the task engagement of
students, which, in turn, supports fruitful collaborative interaction
in the group (Barron, 2003; Mercier, Vourloumi, & Higgings, 2017).

Collaborative problem solving can support students in creating
positive peer relationships, which are also beneficial in achieving
learning objectives (Roseth, Johnson, & Johnson, 2008). Beneficial
peer interaction in problem-solving situations is based on the
group members' positive interdependence, that is, shared objec-
tives and achieving joint success. This can be promoted by
rewarding group achievements, emphasizing peer support, and
creating an encouraging learning environment (O'Donnel, 2006).
Additionally, social well-being and collaborative goal structures in
problem-solving groups improve learning outcomes. This benefi-
cial structure can be reached only through supporting high-quality
peer interaction and joint attention of the students (Esmonde,
2009; Roseth et al., 2008).

Metacognitive scaffolding means directing students' attention
and interaction towards the learning process (Van de Pol et al.,
2010). Students' sufficient prior knowledge of facts and concepts,
beneficial procedures, and metacognitive processes are essential
preconditions of a successful problem-solving process (Mayer &
Wittrock, 2006). In collaborative learning, metacognitive in-
tentions of scaffolding aim to activate students' metacognition on
both the individual and interpersonal planes to enhance the quality
and quantity of learning (Molenaar, van Boxtel, & Sleegers, 2010).

Metacognitive scaffolding directs students' collaboration to-
wards the learning process (Van de Pol et al., 2010). Purposeful
interaction increases learning outcomes of all group members (Van
Blankenstein, Dolmans, van der Vleuten, & Schmidt, 2011). The
important aspects of the interaction of the group are the students'
abilities to maintain joint attention, to elaborate their own
thinking, and to respond to other students' suggestions (Barron,
2003; Ding et al., 2007; Esmonde, 2009). Beneficial peer collabo-
ration provides all members with opportunities to share their ideas
and explore those of others, and the teacher's role in scaffolding
successful interaction within the class is crucial (Akkus & Hand,
2011; Cross, 2009).
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3. Teachers' visual attention

This article presents recent research on teachers' visual atten-
tion as a receiver and provider of information in the classroom. As
the eyes direct human actions without participating in them,
investigating human gaze with mobile gaze-tracking devices offers
valuable information on cognitive processes during activities
(Shayan, Bakker, Abrahamson, Duijzer, & van der Schaaf, 2017;
Tatler, Kirtley, Macdonald, Mitchell, & Savage, 2014). People's ac-
tions and visual perceptions interact and affect each other contin-
uously, as they target their gaze towards areas that are relevant to
the task (Tatler et al., 2014). For example, while solving a geometry
problem task in pairs, instead of having one pairmaking eye contact
with the other collaborating pair, monitoring the working space is
critical for the process to be effective (Clark & Krych, 2004). In
addition to task-related targets, people are efficient in processing
information about faces and tend to focus on other people's eyes to
recognize their affects (Itier, 2015).

To investigate teachers' visual attention, mobile gaze-tracking
devices can capture their visual perceptions (Shayan et al., 2017).
With their gaze, people predict, interpret and influence actions in
the environment (Csibra, 2010; Tatler, 2014). Together with verbal
data, these perceptions offer a unique insight into the cognitive
micro-level processes of the instruction (Magnussen, Zachariassen,
Kharlamov, & Larsen, 2017; Prieto et al., 2017; Shayan et al., 2017).
Instruction forms a very complex interactional and perceptual
context for the teacher. A person's gaze is guided by both his or her
intrinsic intentions and extrinsic stimuli, each affecting the other
(Tatler & Land, 2015; Veneri, Rosini, Federighi, Federico, & Rufa,
2012). When teachers focus on managing the class to enhance
students' learning (Wolff, Jarodzka, & Boshuizen, 2017), they
monitor and interpret their actions and make multiple pedagogical
decisions (Prieto et al., 2017; Yamamoto & Imai-Matsumura, 2012).

People receive information to operate in the environment and
achieve their goals through gaze. Thus, examining a person's visual
attention offers information on his or her intentions in certain
situations (Tatler & Land, 2015). One of the determinant factors of
teacher attention during a collaborative problem-solving session is
to obtain information about the students' need for scaffolding (van
den Bogert, van Bruggen, Kostons, & Jochems, 2014). Through
experience, the way the teacher monitors the studentsd to choose
when to intervene in collaboration groups d becomes more
advanced and effective (Cortina, Miller, McKenzie,& Epstein, 2015).
Experienced teachers tend to focus on targets including informa-
tion on student interaction and activity (Wolff et al., 2016). During
instances of misbehavior, inexperienced teachers focus more
narrowly on student discipline, while experienced teachers are able
to observe the reactions of other students (van den Bogert et al.,
2014) or the context of the situation (Wolff et al., 2017). Those
students who do not concentrate on instruction tend to catch the
teacher's attention more frequently than those who do (Yamamoto
& Imai-Matsumura, 2012).

In addition to the target of the gaze, its duration also reflects a
teacher's cognitive processes. Expert teachers direct long glances
towards the students they are guiding and are flexible in changing
the gaze target as a response to students' cues (McIntyre et al.,
2017). Nevertheless, brief glances can result on one hand from
advanced skill in sharing attention on multiple students and
interpreting classroom events, and on the other hand from inat-
tention to classroom events (van der Bogert et al., 2014). The
complexity of the classroom interaction and the number of stu-
dents increase the teacher's orchestration load during the lessons,
which is manifested in shorter fixation durations (Prieto et al.,
2017). Teachers relate fruitful teacher-student contact with restful
attention and eye contact with students (Korthagen, Attema-
Noordewier, & Zwart, 2014).
By offering adequate attention to students according to their

needs, teachers can foster students' engagement in learning
(Nizielski, Hallum, Lopes, & Schütz, 2012) and nurture the teacher-
student relationship (Dessus et al., 2016). In mathematical problem
solving, students need relevant and timely scaffolding for a suc-
cessful learning process to take place. By following a teacher's gaze
in an authentic classroom, we can chart the teacher's intentional
attention to understand how it constitutes the teacher perceptions
that direct the momentary scaffolding interaction.

4. Research questions

Our research questions aim to explore the teacher's visual
attention as it reflected his situational pedagogical intentions
which he provided to student groups in a mathematical problem-
solving collaboration session. The research questions of this study
were the following:

1. How does a teacher's visual attention distribute among student-
related gaze targets while scaffolding a problem-solving
process?

2. How do the teacher's momentary intentions of scaffolding direct
his visual attention?
5. Methods

This research uses triangulation of three data sources: the
teacher's gaze-tracking data, classroom video recordings, and a
stimulated recall interviewwith the teacher. The datawas collected
in May 2017 during a 9th grade mathematics lesson in Southern
Finland. We have taken into consideration certain ethical questions
relating to our methods of data collection, and the University of
University of Helsinki Ethical Review Board in the Humanities and
Social and Behavioral Sciences approved our research procedures.

5.1. Participants

Themathematics teacher was a 30-year-old male who had three
years of experience in teaching mathematics. He was the only
teacher in the class during the lesson. The selection of the class was
based on the school's accessibility and the teacher's voluntariness
to participate. After contacting a school with which we have good
connections, this teacher expressed his willingness to participate,
partly due to his interest in educational research. We chose this
lesson with this teacher for the analysis as it included interesting
dynamics on teacher-student interaction and student engagement.
We received written permission from the school's principal to
conduct the study. Additionally, we collected consent forms from
all students in the class and informed their parents about the
research.

The research class included 11 boys and 8 girls, 15e16 years of
age. One of the students did not participate in the problem-solving
task. During the phase examined in this report, 18 students worked
in five collaboration groups of two or four students. The four groups
presented in this report are characterized in Table 1. The four target
students of group B had volunteered to wear gaze-tracking glasses.
The characteristics of the collaboration groups is based on video
recordings and an interview of the teacher. To secure the ano-
nymity of the students, we use pseudonyms. The only restriction in
the selection of target students and the teacher was having normal
eyesight without eyeglasses to guarantee the functionality of the
gaze-tracking devices.

The students with gaze-tracking glasses and the teacher



Table 1
Characterization of student collaborative problem-solving groups in a mathematics task.

Group Students Characteristics

A Four boys: Konsta, Daniel, Unto, Henrik Two mathematically oriented (Konsta and Daniel), challenges with collaboration
B Target group, four boys: V€ain€o, Pontus, Anton, Joona Collaboratively oriented, challenges with mathematical skill and persistence
C Two girls: Annikki, Aino Mathematically skilled, challenges with motivation and persistence
D Three boys: Jani, Aarne, Tauno, one girl: Ingrid Mathematically capable, challenges with motivation and collaboration
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received a gift card as an acknowledgement of their contribution.
Additionally, the class received a donation for a day trip, as the
participation of the whole class was significant for the success of
our data collection.
5.2. The apparatus

We recorded the actions and conversations of the problem-
solving session using three stationary video cameras in the class-
room. To ensure the quality of the audio recording, the teacher
wore a personal microphone and Smartpens recorded the written
notes and speech of the target students. Five gaze-tracking glasses
recorded the eyemovements of the teacher and the target students.
The eye-tracking device consisted of two eye cameras, a scene
camera, and simple electronics attached to 3D-printed eyeglasses
frames, and the corresponding software. These were designed at
the Finnish Institute of Occupational Health and released as open
source code (Toivanen, Lukander, & Puolam€aki, 2017). Research
participants also wore backpacks to carry the laptop computers
that processed the data. This enabled them to move freely in the
classroom.

The human gaze consists of approximately three to four fixa-
tions every second (Tatler et al., 2014). In gaze-tracking research,
the concept of fixation refers to the target in which the gaze sta-
bilizes between saccades, that is, the rapid eye movements be-
tween the fixations (Lappi, 2016). Those consecutive fixations that
are focused on the same, researcher-specified target constitute one
dwell. Dwell times vary due to the emotional stage of a person and
the difficulty and the obscurity of the target (Holmqvist et al., 2011).
The sequence of the gaze targets constitute the gaze behavior of the
participant (Lappi, 2016). In this report, wemeasure the targets and
amounts of the teacher's visual attention in a real-life classroom
context by combining information on the dwells and dwell times of
his gaze behavior.

An objective has been to produce glasses that were as functional
and comfortable as possible. Nevertheless according to earlier
research, the glasses may cause feelings of irritation, stress or even
embarrassment (Brom, St�arkov�a, Lukavský, Javora, & Bromov�a,
2016; Magnussen et al., 2017). Our research participant reported
that glasses restricted his visual field. The frames of the glasses
increased the quality of the data but may have been annoying for
the teacher. Additionally, as we recorded all the gazes of the par-
ticipants during a complete lesson, we recognize that part of the
gaze behavior is unconscious (Tatler et al., 2014) and hence handle
the data with discretion.
5.3. Research setting

The collaborative problem-solving session we study was an 18-
min phase in a 45-min lesson. Before this phase the class had
checked previous homework, the teacher had introduced the
problem task, and the students had started to solve the problem
individually. The objective of the task was to find out the optimal
solution to a geometry problem. The task instructions were as
follows:
You have four cities; they lie on the corners of a square. You have
most likely seen how two places are connected by cable or optical
fiber. First, work alone and try to find at least three different ways
how the cities might be connected. Think which of these is best. —
Now join to work with a pair and discuss what is the most effective
way of connecting the four cities, so that the least amount of cable
is used e that is, so that the total length of the connections is as
short as possible. — Get into groups of four and continue searching
for the best possible solution.

The methods of solving the task were open for the students to
negotiate, and in the process they were allowed to use pencils,
paper, rulers, and calculators. After the collaboration phase, the
class continued to present the solutions on the blackboard. Fig. 1
shows three solution drafts in a student notebook. The furthest
on the right could be confirmed to be the optimal by measuring
with a ruler or calculating.

The teacher was instructed to support students during the
problem-solving process without funneling (cf. Anghileri, 2006)
information to solve the problem. He encouraged the students to
share their ideas both verbally and visually, and finally to select the
solution they preferred. During the collaborative problem-solving
phase, the teacher's activity consisted of roaming in the class-
room and stopping for scaffolding one group at a time (i.e. scaf-
folding events).

A stimulated recall interview was used to record the teacher's
reflections on the lesson. Watching the classroom video and his
gaze-tracking video, the teacher commented on and explained his
actions and thinking during scaffolding. To give the teacher time to
reach deep descriptions of his intentions uncorrupted by the re-
searcher's conceptions (Meier & Vogt, 2015), he was encouraged to
pause the video whenever he wanted to and reflect on the contents
he found important for as long as he wished with the help of the
researcher's clarifying questions. Thus, the interview procedure
was a semi-structured conversation.
5.4. Analysis

The momentary coding of scaffolding interaction and dwells on
gaze targets formed the basis for the analyses in this study. Fig. 2
illustrates the analysis scheme of this study from three forms of
data for the answers to our research questions.

We started the analyses by separating the scaffolding interac-
tion from other forms of classroom interaction (e.g. teacher scan-
ning the whole class) in the video. We categorized the teacher's
scaffolding interaction into five categories (see Appendix A1 for the
coding scheme). Three of the categories arose from the scaffolding
intention theory (van de Pol et al., 2010): cognitive (mathematical,
structuring and adapting the problem task), affective (emotional or
motivational issues), and metacognitive (directing students' atten-
tion and interaction, advice on the procedures of the problem-
solving process) scaffolding.

To these three, we added two categories that present the
teacher's visual attention during moments without verbal inter-
action. The two additional categories were monitoring (teacher



Fig. 1. Three student solutions to the geometry problem task. The optimal solution is on the right.

Fig. 2. The forms of data and the phases of analyses in this study.
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scanning the group to get an idea of what stage they were at during
the problem-solving process) and fading (final scanning of the
group before leaving). Monitoring usually occurred in the begin-
ning of scaffolding events but also briefly while they were ongoing.
Parallel to the monitoring phase in the beginning, fading was
regarded as its own kind of intention at the end of the event.

We used dwells as coding units for gaze data. We coded the
targets with distinctive codes, and annotated all dwells that lasted
at least two frames (80ms) using ELAN software. The total dwell
time of the collaboration phase was 843 617ms (approx. 14 min).
The research questions guided our target selection and the three-
digit codes referring to them (e.g. A1P for group A, student 1, Pa-
per as gaze target, see Appendix A2 for the complete coding
scheme). The basic principle was to code with higher accuracy
those targets that contained information on teacher-student
interaction and teacher's pedagogy, while the less informative
targets were coded with less accuracy to save time. For example,
solution papers had a distinct code throughout the analysis, while
the rest of the students' belongings (pencil case, head phones, etc.)
and the desk surface were coded separately but analyzed as a
shared ‘desk & objects’ target.

After the annotation of gaze targets, we exported the data to
Microsoft Excel and SPSS software for further analyses. To answer
the first research question, we compared the occurrences andmean
durations of teacher gazes during different scaffolding interaction
categories. The occurrences of the gazes offered us information on
what was observed by the teacher during the student collaboration.
The gaze durations informed us of the depth of the teacher's pro-
cessing while looking at separate targets in separate pedagogical
situations (e.g. Gl€ockner & Herbold, 2011).

Excel was used to organize and form a descriptive picture of the
data. With SPSS, we analyzed the occurrence of gaze targets
(N¼ 1384) in scaffolding categories. We calculated the occurrences
with mean comparisons and Chi-square test, as well as the mean
comparisons of dwell times (M¼ 470.55ms, SD¼ 762.38) with
analysis of variance using a post hoc test with Bonferroni correc-
tion. As the dwell times did not distribute normally, we trans-
formed the data logarithmically before the ANOVA. In the results
section we nevertheless refer to the linear values for clarity in our
report. These analyses are presented in the first two results
sections.

For the second research question, we combined all three (gaze,
video, and interview data) data types to build a qualitative
description of the relation between scaffolding intentions and the
teacher's gaze behavior. For this analysis, we selected from the
classroom video four scaffolding events, which represented either
cognitive, affective, or metacognitive scaffolding clearly and
without intermingling. Our interpretations of the scaffolding in-
tentions were aligned with the teacher's comments on the inter-
view. These events also included short moments of other
intentions, which we excluded from the descriptions. We formed
timelines to illustrate the scattering and bar charts to picture the
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distribution of the teacher's visual attention during these events.
This analysis is presented in the last three sections of the results.

Preliminary analysis of this data including descriptive statistics
and descriptions on the distribution of teacher attention while
scaffolding student interaction and mathematical content has been
presented and published earlier as a conference paper (Haataja,
Garcia Moreno-Esteva, Toivanen, & Hannula, 2018). In the current
article, the theoretical background has been specified and the re-
sults include statistical analyses on the gaze data as well as detailed
qualitative analyses of the verbal interaction during scaffolding
events.
6. Results

The teacher's visual attention during the collaboration phase of
themathematical problem-solving lesson consistedmainly (99%) of
gazes at student-related targets. To form an overview of teacher's
visual attention, Fig. 3 shows the distribution and mean duration of
teacher gazes among all student-related targets in the classroom.
Student bodies and objects on the desk tended to receive numerous
short glances. Gazes at student gestures were few though long in
duration, while student faces and papers received the majority of
the teacher's attention due to high occurrence and long durations.

The teacher's visual attention distributed unevenly among the
targets in the classroom. The most gazed target was the students'
solution papers, resulting from the combination of high count
(n¼ 394) and mean duration (M¼ 714.62ms, SD¼ 1198.44). In
addition to papers, the combined variables objects and desks
(n¼ 364, M¼ 279.20ms, SD¼ 243.32) as well as body and hands
(n¼ 342, M¼ 321.36ms, SD¼ 371.67) were targets which the
teacher frequently looked at. However, if we look at mean duration,
these gazes were the shortest in the analysis. In contrast, gazes at
students' gestures emostly pointing at the details of their solution
e had a highmean duration (M¼ 661.47ms, SD¼ 904.05) but a low
count (n¼ 47). In the comparison of total visual attention, the most
relevant gaze targets for the teacher were students' papers and
faces (n¼ 239, M¼ 535.55ms, SD¼ 606.22) and he gazed at every
students' paper and face during the collaborative problem-solving
phase.

Next, we present the results on the teacher's visual attention
during scaffolding interaction. The first two sections examine the
Fig. 3. The distribution of teacher gazes at separate targets in cla
quantitative analysis of the gaze data. In addition to cognitive, af-
fective, and metacognitive scaffolding, the statistical analyses
include moments of monitoring and fading. Following that, we
continue to explore qualitatively the verbal communication and
teacher's visual attention in four different scaffolding events: one
cognitive, two affective, and one metacognitive.
6.1. Teacher's gaze targets with regard to scaffolding intentions

The following graph (Fig. 4) presents the distribution of the
teacher's gaze targets during scaffolding. The crosstab analysis
showed statistically significant differences in the teacher's visual
attention between the scaffolding categories (c2 (16, N)¼ 92.60,
p< .001).

By looking at the distribution of the teacher's visual attention,
the most distinctive category of scaffolding was the cognitive
category with a large proportion of attention given to students'
solution papers and pointing gestures. In affective scaffolding, half
of the gazes aimed at the students themselves (face, body and
hands). The monitoring and fading phases appeared to be relatively
similar to the metacognitive scaffolding. During these three, the
teacher's visual attention distributed mostly between students'
bodies and hands, papers, and objects on the desk.

According to the gaze targets, the intention of monitoring
seemed to be that of getting a picture of the students' problem-
solving process. Compared to other intentions, a significantly
large amount of visual attention was directed at students' hands
and bodies (29% of total dwell time of monitoring) during moni-
toring. The teacher also looked quite a bit at the belongings on the
students' desks (30%), but the difference with other intentions was
not statistically significant. The gaze distribution in fadingwas close
to similar with the monitoring. The majority (69% of total dwell
time) of gazes at non-student targets, such as walls and furniture,
occurred during themonitoring and fading phases despite the short
total durations of these intentions. This implies that the teacher's
visual attention was scattered, most likely for the teacher to collect
information from multiple sources.

In cognitive scaffolding, the teacher's gaze scope narrowed to
task-relevant targets and the number of gazes at other targets was
reduced. The largest proportion of the teacher's gaze frequency was
on students' solution papers during cognitive scaffolding (40% of
ssroom during collaborative mathematical problem solving.



Fig. 4. Distribution of teacher gaze targets according to intentions of scaffolding.

Fig. 5. Mean durations of teacher gazes at students0 faces categorized according to
intentions of scaffolding interaction, outliers removed.
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total dwell time of cognitive scaffolding). Students' bodies and
hands (13%) as well as belongings (21%) on the desk were least
gazed at during cognitive scaffolding. In contrast, a tenth of the
teacher's gaze was targeted on students' pointing gestures during
cognitive scaffolding, while the proportion in other scaffolding in-
tentions varied between 1 and 3%.

The teacher focused on students' faces the most (21% of the total
dwell time of affective scaffolding) during affective scaffolding as
they offered information about their emotional states and moti-
vation. This is evident in the high frequency and long mean dura-
tion of face-targeted dwells (n¼ 73, M¼ 665.36ms, SD¼ 626.83).

During metacognitive scaffolding, the frequency of teacher gazes
distributed quite evenly among students' belongings (29% of the
total dwell time of metacognitive scaffolding), papers (27%), and
bodies and hands (25%). The proportion of desk-targeted gazes was
particularly higher in metacognitive than in cognitive or affective
scaffolding intentions. Thus, students' belongings seem to contain
more information on a groups' attentional state in the problem-
solving process than cognitive or affective information.

6.2. Gaze durations

The mean durations of teacher gaze varied between targets and
scaffolding intentions. The analysis of variance on logarithm-
transformed gaze durations of the student-related targets showed
statistically significant differences between scaffolding intention
groups in face-targeted (F (4, 234)¼ 7.45, p< .001) and paper-
targeted (F (4, 389)¼ 16.43, p< .001) gazes (Figs. 5 and 6). The
gaze durations on other targets did not differ significantly between
scaffolding categories.

The mean duration of teacher gazes was 503ms during the
entire collaboration phase. The Bonferroni post hoc test indicated
that the teacher's gazes at students' faces were significantly longer
during cognitive (M¼ 773.51, SD¼ 910.32, p¼ .001) and affective
(M¼ 665.36, SD¼ 626.83, p¼ .006) scaffolding than during moni-
toring (M¼ 289.94, SD¼ 236.84). Paper-targeted gazes, however,
were significantly longer during cognitive scaffolding
(M¼ 1348.92, SD¼ 2008.34) than any other scaffolding group
(monitoring M¼ 504.88, SD¼ 555.62, p< .001, affective
M¼ 389.66, SD¼ 282.68. p< .001, metacognitive M¼ 553.96,
SD¼ 448.53, p< .001, and fadingM¼ 325.58, SD¼ 297.97, p< .001).

6.3. Cognitive scaffolding event

The chosen cognitive scaffolding event (Fig. 7) illustrates teacher
interaction with group A, consisting of four boys (20:16e22:05).
We exclude from our analysis the five moments of monitoring
(times 20:22e20:23; 20:31e20:38; 20:57e20:58; 20:59e21:34;
and 21:59e22:04) that are seen as blank spaces in the timeline. The
students had advanced with the mathematics but the group had
split into two pairs. Konsta and Daniel had found the optimal so-
lution and the intention of this event was to confirm their calcu-
lations. Henrik and Unto tried unsuccessfully to solve the task.

The scaffolding event began when Henrik asked for help from
the teacher in a discouraged tone. Henrik directed the teacher's
gaze by pointing to solutions with his finger. Henrik had several
solutions on his paper but none of them was the optimal, and the
teacher paused to consider the content. During these 15 s of
interaction with Henrik, the teacher's visual attention was mainly
directed at Henrik with two long dwells (2200ms and 8322ms) on
his paper. While the teacher talked to Henrik, he briefly glanced at
Unto's paper and desk to find out what stage of the process he was
at:

Henrik: Is this the right solution? I'm not quite sure. #20:18#



Fig. 6. Mean durations of teacher gazes at students0 papers categorized according to
intentions of scaffolding interaction, outliers removed.

E. Haataja et al. / Teaching and Teacher Education 86 (2019) 1028778
Teacher: Probably not, in fact it's not the best. But … #20:23#
Henrik: How about this one? #20:23#
Teacher: Which one? #20:25#

At the end of the teacher's and Henrik's interaction, Konsta
turned to the teacher and the teacher responded to Konsta's
initiative, leaving Henrik waiting. Konsta and Daniel needed the
teacher's help to unravel the reasons for their unsuccessful calcu-
lations. Their motivation appeared to encourage the teacher and he
focused on them for 80 s. First, Konsta explained their situation and
pointed at their solution with his finger.

Konsta: Teacher, we have to add you in, because we counted this
with Pythagorean Theorem. #20:43#
Teacher: Yes, yes. #20:44#
Konsta: And added this to it. And we got less with this [the
optimal solution] than with that [solution]. #20:48#
Teacher: Yes. #20:49#
Konsta: Now that we count it with a ruler, we get morewith this
[the optimal solution] than with this [solution]. #20:53#
Fig. 7. Timeline of teacher gaze targets and the distribution of total dwel
Teacher: How is it possible? #20:57#
Konsta: Yup. #20:57#

After the teacher had looked carefully at Konsta's papers, Konsta
measured the solution with a ruler. The teacher was interested in
the mathematical actions the students carried out. He followed
Konsta'smeasuringwith his gaze and gazed at Daniel's phone, as he
recalculated the solution. As the teacher explained to Konsta what
he understood to be the difficulty and waited for Konsta to un-
derstand the idea, he kept looking at Konsta's face. At the end of the
event, he asked Konsta and Daniel to share their solution with
Henrik and Unto. However, the classroom video indicates that the
teacher did not manage to engage the group in further collabora-
tion. Konsta and Daniel continued their calculations while Unto and
Henrik seemed to start chatting with each other.

Teacher: – How much is it together? The other one? #21:48#
Daniel: Exactly twelve. #21:49#
Teacher: Well, isn't it …. ? #21:50#
Konsta: Yes but how did we count it before so that it was more?
#21:57#
Teacher: Maybe you counted the middle thing twice. Or four
times, I mean. But hey, think now. Share this a little, this inno-
vation, over here [with Henrik]. #22:11#

This mathematically oriented scaffolding interaction included
gazes that were essentially longer (828ms) than the average. The
longest gazes were directed at Konsta's pointing gesture (4081ms)
while he explained his thinking, and at his paper (3681ms) and
hands (2401ms) while the teacher instructed him.

Konsta and Daniel were the first to find the optimal solution,
which made the teacher enthusiastic during the lesson and in the
interview. In the following excerpt, the teacher describes Konsta's
and Daniel's work in an excited tone.

“Yes, they had now found the solution there. The optimal so-
lution and they were counting its distances with the Pythago-
rean theorem.”

From the perspective of learningmathematical problem solving,
Konsta and Daniel were able to explain their question to the teacher
in detail, which indicates that they had gained a deep under-
standing of the task and the mathematical procedures it included.
They were not satisfied with a single solution but aspired to
l times on targets during a cognitive scaffolding event with group A.
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generalize the mathematical model. This suggests that they had
internalized the components of a successful problem-solving pro-
cess and needed the teacher's guidance to confirm the right solu-
tion. They were also practicing mathematical argumentation while
they wondered about the differences between measurements and
calculations. Despite our explicit instruction to not advise the stu-
dents on how to solve the problem, the teacher decided to help
them overcome their minor miscalculation.

“Here I actually stretched the rules and we took some graphs
and measured quickly. They had just made a mistake in calcu-
lation and were wondering about it so …”

6.4. Affective scaffolding

This section explores interaction and the teacher's visual
attention during affective scaffolding through two quite different
examples with groups B and C. Despite the differences regarding
interaction content, the teacher's intention in both events was to
prevent misbehavior and engage students in the task. The students
in group B (Fig. 8) were joking about the task and between them-
selves. They asked the teacher to come to the group and interacted
actively throughout the event.

The scaffolding event with group B began with V€ain€o’s request
to the teacher to look at the group's solution. After a short moni-
toring phase, the teacher's gaze focused for almost six seconds on
V€ain€o’s paper as he listened to V€ain€o’s explanation of his solution
before he understood that the students were joking about the task.
This confusing moment changed the scaffolding intention from
cognitive to affective (11:00e12:06, excluding 11:29e11:49 of
cognitive and 11:54e12:01 of metacognitive scaffolding) and
influenced the teacher's gaze behavior (n¼ 71, total dwell
time¼ 26 725ms, M¼ 376.41ms, SD¼ 321.68). During the first ten
seconds, the teacher scanned the papers of all four students and the
objects on their desk using short gazes (M¼ 334ms, SD¼ 260.92).
The teacher's verbal reaction to the laughing was to calm the stu-
dents down, but his frustration is audible in his tone.

Students: Laughing. #11:02#
Teacher: Okay, this [task] wasn't a joke. #11:05#

After the moment of confusion, the teacher instructed the stu-
dents to collaborate by asking them to discuss the task together.
Fig. 8. Timeline of teacher gaze targets and the distribution of total dwel
Despite his instructions, group members continued laughing and
joking. Verbally, the teacher stayed calm in spite of the students'
attempts to annoy him. During these eight seconds, he focused his
gaze mostly on Joona (7 s), whose behavior was the most provoc-
ative. By total dwell time, the most gazed targets during this short
persuasion phase were faces (42%) and bodies and hands (37%).

Teacher: Be a team and think about it. #11:09#
Joona: We're not a team! #11:11# —

Teacher: Hey, Joona, now! Think together … #11:19#

After Joona's provocation, V€ain€o continued with another joke,
succeeding in making the teacher laugh.

V€ain€o: These lenses [of the gaze-tracking goggles] become
steamy. #11:20#
Teacher: How could you … V€ain€o! (Laughing) They don't have
lenses. #11:23#
(The teacher, V€ain€o, Joona, Anton, and Pontus laugh together.)
#11:29#

While laughing, the teacher either closed or squinted his eyes
and the gaze camera could not record the eye movements. Seem-
ingly, the shared amusement created emotional togetherness and
helped the students accept the teacher's demands as he once more
repeated the instruction to discuss the problem.

Verbally, the teacher expressed emotional patience and trust in
the students. These students had apparently both motivational and
academic challenges in solving the task. The teacher's gazes at
students' faces consisted of significantly longer dwells (n¼ 11,
M¼ 661.91ms, SD¼ 523.62) than the average gaze durations dur-
ing this event. We can also say that the teacher's short dwell times
during Joona's misbehavior indicate emotional confusion. With his
behavior, Joona received large amounts of the teacher's visual
attention. In the interview, the teacher reflected on this event from
the viewpoint of his role towards the students.

“Joona tries to provoke like that.— They are actually quite funny
fellows but then you [the teacher] have to stay serious and be
like: now let's work.”

We now turn to group C (Fig. 9), the passive and frustrated
students.

This affective scaffolding event (22:26e23:18, excluding
l times on targets during an affective scaffolding event with group B.



Fig. 9. Timeline of teacher gaze targets and the distribution of total dwell times on targets during an affective scaffolding event with group C.
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22:45e23:05 of cognitive scaffolding, n¼ 53, total dwell
time¼ 26 376ms, M¼ 497.66ms, SD¼ 603.92) with group C star-
ted when the teacher noticed Aino playing with her phone and
Annikki drawing on the table surface. Presumably, the teacher
considered how to start the intervention because he remained si-
lent and gazed at another group for a second (22:30e22:31). When
he opened the conversation, Aino responded defensively. The
teacher sat down and focused on Aino's face, ignoring Annikki, who
was still scrawling on the desk. During this phase, the teacher
directed his attention to the students' faces (36% of total dwell time
of the first part of the event) and hands (36%) as both these targets
reflected their emotional and motivational stage that was the
content of the interaction.

Teacher: Why are you so discouraged? #22:32#
Aino: Because you give us too difficult tasks and now you blame
us. #22:35#
Teacher: Hey … (with a calm tone of voice) that is not the case.
But you have to keep on trying different solutions. #22:44#

The lack of motivation caused strong negative emotions in the
teacher and he decided to stay longer with group C. The teacher
focused on Aino and responded to her expression of frustration by
calming and encouraging her. The teacher was apparently
committed to offering affective support to his students:

“It annoys me, or makes me sad that this doesn't excite or
motivate them. Especially as they are smart students and they
could easily apply themselves. — And now I sat there because I
thought that now I will spendmore time here. And somehow try
to boost them to start working.”

“They are both quite good but they give in easily with tasks like
this. — She is a bit lazy (laughs) but somehow — learns things
very fast. — And what I mean is that they are both going to high
school. [To help them] to survive the high school math also,
because there you have to work quite a lot.”

After the short cognitive instruction (22:45e23:05), the inter-
action turned back into an affective one. The students were frus-
trated and the teacher tried to encourage them. At the same time,
the teacher's visual attention focused more on Aino and Annikki's
faces (74% of total dwell time of the latter part of the event) and less
on their actions (11%). However, Annikki's continuing indifference
and complaining influenced the teacher to glance at his written
instructions and the clock on the wall.

Teacher: It is not difficult. It is … draw different solutions. Just
freely. You don't have to think whether they are good or bad. As
long as you come to some solutions. Annikki, you too. #23:22#
Annikki: I'm hungry. #23:23#
6.5. Metacognitive scaffolding

In our example event (13:41e14:06, excluding 13:54e13:55),
the teacher guided group D as he noticed that they were not
working effectively. Group D consisted of one girl, Ingrid, and three
boys, Tauno, Aarne, and Jani. Fig. 10 shows the teacher's visual
attention during this scaffolding event (teacher gaze n¼ 43, total
dwell time¼ 19 365ms, M¼ 450.35ms, SD¼ 524.38). The inten-
tion of this event was to direct the group's attention and interaction
towards advancing in the learning process.

“I try to have a talk, motivate them that we actually learn
through discussing with each other.”

The teacher instructed the students to face each other and share
the solution drafts. Students, especially Aarne, were not willing to
obey the teacher, and he had to repeat the instructions several
times:

Teacher: Hey, you too, turn around and let's form a group of four
students. Aarne! #13:47#
Aarne: Yeah yeah. #13:48#
Teacher: Okay, so share that [the solutions] with each other a
little. Aarne! #13:54# — Good. So, present to each other what
kind of solutions you have found. And which one might be the
best. #14:06#

Bodies, especially Aarne's back, were in the teacher's focus as he
tried to capture the students' attention at the beginning of the
event. Tauno and Aarne ignored the teacher's initiatives and he
directed his gaze at their hands to look at their actions. Only Jani
made eye-contact possible during the event by turning to the
teacher for a short while. Other students had their gaze targeted
downwards during the scaffolding, which explains the low amount
of face-targeted gazes (6% of the total dwell time of the event).

Ingrid, for example, had her pencil case, headphones, and a
phone on her desk. While the teacher directed the group, Ingrid's



Fig. 10. Timeline of teacher gaze targets and the distribution of total dwell times on targets during a metacognitive scaffolding event with group D.
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belongings captured at lot of his attention (28% of the dwell time),
mostly short gazes (n¼ 15, M¼ 344.13ms, SD¼ 231.30). The
teacher was uncertain about the group's abilities to collaborate,
which probably affected his visual attention. The teacher also
looked at the students' papers, probably to get an idea of the phase
they were in during the problem-solving process.
7. Discussion

This case study suggests that the teacher's momentary scaf-
folding intentions drew distinctive patterns of intentional attention
that differed from each other and the average gaze behavior during
the collaboration phase of the mathematics lesson. Unlike in many
previous gaze-tracking studies, this data was collected from one
teacher during a collaborative problem-solving lesson. For an eye-
tracking study, our data covered a rather long time, which
included several different scaffolding events. This enabled us to
conduct a within-individual analysis within one lesson and to enter
into the micro-level of attentional behaviors and compare them to
the momentary interactions of this professional mathematics
teacher.

The teacher focused most of his gaze on students' papers and
pointing gestures during cognitive scaffolding, on faces during af-
fective scaffolding, and on students' belongings and hands during
metacognitive scaffolding. According to our data, the teacher's
intention was most targeted during cognitive scaffolding when his
attention was directed narrowly towards targets relevant for this
interaction. The count of gazes at student gestures was too low to
make further statistical interpretations. However, it seemed that
they were gazed at during cognitive scaffolding and the gazes at
them were long. Future research might focus on these gazes to
analyze how crucial they are in beneficial scaffolding interaction
and what role is played by different types of gestures. While
pointing gestures are the most typical, the metaphoric gestures
might be the most important as they may help the student to
communicate more abstract ideas before they are able to verbally
express them (Goldin-Meadow, 1999; Reeve & Reynolds, 2001).

During affective scaffolding, the teacher focused the most on
student faces while encouraging or trying to persuade them, but
also on disruptive objects on the students' desks. However, during
the monitoring and fading phases of the scaffolding events as well
as in metacognitive scaffolding, the teacher's attention was
distributed more evenly over all the targets. In these situations, the
teacher collected information widely with short dwells on the
students' mathematical, interactional, and activity stages to provide
themwith sufficient support. During metacognitive scaffolding, the
teacher focused on active, student related targets, such as student
hands. These have been found to be in the focus of expert teachers
relevant for the situational classroom management (Wolff et al.,
2016). Professional development might help teachers to acknowl-
edge also targets not directly related to the task as beneficial for the
scaffolding interaction. For example, students' hands, bodies, and
the tools on their desks include information on their momentary
engagement.

In general, students' misbehavior captured the teacher's visual
attention as could be expected according to the literature on novice
teachers' attention (Wolff et al., 2017). The moments with
emotional load, such as noticing the optimal solution on Konsta's
paper (positive) or Joona's misbehavior (negative), seemed to
capture the teacher's attention and prevent him from observing the
situation from a social perspective. The same emotions and the
teacher's focus on them were audible in the interview after the
lesson. During these moments, the teacher did not pay attention to
enhancing joint attention in the groups. Unfortunately, Joona's
group and Konsta's peer Henrik were among those students who
did notmanage to solve the problem successfully. The explicit focus
on student interaction and joint attention in group D led to
achieving the learning goals. Whether the result would have been
different with groups A and B had the teacher focused more on
enhancing the joint attention instead of on affective and cognitive
targets, we cannot know. However, joint attention is reckoned to be
a crucial element of successful collaborative problem solving (cf.
Esmonde, 2009; Mercier, Vourloumi, & Higgins, 2017). Thus, we
suggest that reflecting on intentional attention by watching and
commenting on gaze-tracking recordings could be a useful tool for
professional teacher education.

Converging with van den Bogert's et al. (2014) conclusion about
brief gazes, which occur more frequently during superficial scan-
ning, in our study the longer gazes occurred while focusing on
cognitive goals of instruction during teacher-student interaction.
Joona's misbehavior had an effect on the teacher's visual attention,
as shown by the decreasing mean dwell times during moments of
negative emotions. Teaching is an extremely complex task with the
multiple overlapping expectations and intentions of the teacher (cf.
Prieto et al., 2017). However, it seemed that during fruitful cognitive
and affective scaffolding interaction, the orchestration load of our
novice teacher decreased, as the focus of the visual attention was
narrow and the gaze durations long. Acknowledging the
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momentary intentions and directing the attention accordingly
might help teachers in controlling the cognitive load in classrooms.
As evident among adults and infants (Csibra, 2010), we might also
assume that in these moments he conveyed his pedagogical values
to the students around him, which underlines the relevance of this
methodology in the field of education. Thus, investigating the ef-
fects of emotions and student behavior on the teachers' visual
attention, with teachers of different levels of experience, could
provide us with new information on the relation of bottom-up and
top-down processes on teachers' cognition. We know that expert
teachers are not as reactive in their gaze behavior as novices (Wolff
et al., 2016) but we lack knowledge on how much this is related to
good teacher-student interaction.

A teacher-student relationship is built on momentary interac-
tion (Pennings et al., 2018) and can be enhanced by offering suffi-
cient attention to the students (Dessus et al., 2016). Our results
emphasize the contingency of scaffolding (Van de Pol et al., 2010)
and the contextual nature of visual attention (Tatler & Land, 2015).
The classroom video and the stimulated recall interview revealed
that in addition to scaffolding intentions, the teacher's previous
knowledge about his students affected his visual attention. The
teacher was familiar with his students and adapted his guiding
behavior according to the students' situational needs, mathemat-
ical abilities, and collaboration skills. The fact that the data collec-
tion took place at the end of the school year may also have affected
the teacher's intentions and interaction, as the lesson was one of
the last with this group before the group went on to upper sec-
ondary education. On one hand, the teacher wanted to teach
problem-solving skills for his students' future studies, but on the
other hand, he wanted to create a more intimate atmosphere and
convey affection, and thus acted differently with different groups.
These affective objectives can be attained through adequate
attention (Nizielski et al., 2012).

In this research, we analyzed teacher gaze from the viewpoint of
receiving information. As we have pointed out, gaze also provides
information to others (e.g. Csibra, 2010; McIntyre et al., 2017). The
teacher's momentary intentions guided his attention, but he also
reacted to students' initiatives or actions. This research showed that
gaze targeting is in relation to scaffolding interaction, which con-
sists of active participation of both the teacher and students (Van de
Pol et al., 2010). Thus, attentional student responses to teacher gaze
and the formation of reciprocal nonverbal interaction would be
relevant topics for future research.

7.1. Methodological reflections

Regarding the reliability of our study, due to the time-
consuming gaze-data annotation process, only one researcher an-
notated this data throughout the study. Nevertheless, the research
group collaborated in all phases of the analysis, and unclear codes
or interpretations were discussedwith the research group. The data
set was large for mobile gaze analysis, which increased the reli-
ability of using parametric analysis of variance despite the shortage
of the normal distribution of the data. Typical of gaze data, it
included more small than large values and certain long outlier
gazes (Holmqvist et al., 2011). With a logarithm transformation, the
skewness (0.63) and kurtosis (0.55) of the variance of the gaze
duration data decreased to the level that tolerates the use of
ANOVA. We also considered the non-parametric Kruskal-Wallis H
test but rejected it, as the high amount of similar values in our data
would have decreased its reliability.

The validity of this research is supported by the high quality and
accuracy of our gaze-tracking devices. However, reactivity to
research of this kind is an issue that needs to be considered. Ac-
cording to previous research, the reactivity to mobile gaze cameras
decreases after a few minutes at the beginning of the lesson
(Praetorius, McIntyre, & Klassen, 2017). In the interview, the
teacher told us that hewas aware of the glasses throughmost of the
lesson because of their discomfort, but did not feel that this affected
his visual attention. The contextual nature of real-life gaze-tracking
data (Tatler& Land, 2015) and the case study nature of this research
restrict the generalizability of the results. The detailed description
of the research setting, however, offers readers a possibility to
replicate the study and, for practical implications, to compare the
pedagogical setting with theirs. In the future, analyzing other
similar data would offer valuable information about a teacher's
visual attention in other teaching contexts.

7.2. Conclusion

This study explored one building block of the teacher-student
relationship, the teacher's momentary gaze behavior, from the
viewpoint of intentional attention. The teacher's intentions while
scaffolding his students' problem-solving process were in relation
to his gaze behavior, that is, on the number and durations of gazes
at student-related targets. Specifically, gazes at student faces were
common regardless of the scaffolding intention, suggesting its
importance as a source of information.

Face serves two key informational functions during the teaching
interaction: it reveals the direction of student attention and student
emotions. Whether the students face their peers, the desk, the
board, or the teacher helps teachers infer the general direction of
their attention. Students' gaze direction can give even more accu-
rate information about the target of their attention. Which solution
might they focus on? Or are they actually looking at their phone?

Perhaps more importantly, facial expressions communicate
emotions. The teacher can read student faces to infer, for example,
frustration, curiosity, or joy. However, humans also learn to hide or
fake emotional expressions to serve their intentions. There are in-
dividual differences in how accurately people recognize emotions
(Kessels, Montagne, Hendriks, Perrett, & de Haan, 2014) and
training in reading microexpressions not only improves emotion
recognition competence but also improves social interaction skills
(Matsumoto & Hwang, 2011). Our study suggests that reading
student faces e and their other body language e is a key teacher
competence which could be an element for both pre-service
teacher education and teacher professional development.

The teacher's attention seemed to be constructed by the in-situ
changes in interactional, emotional, and pedagogical states in the
reciprocal teacher-student interaction, and also by his previous
knowledge about his students and the larger pedagogical in-
tentions that varied between students. This suggests that this
method of combining real-life gaze-tracking recordings with video
and interview data enables us to reach a new level of validity in
investigating the implementation of teachers' pedagogical princi-
ples and decisions in an authentic learning environment. Video-
based reflection has become quite standard method in teacher
education and teacher professional development (Gaudin &
Chali�es, 2015). Our study suggests that gaze tracking video data
would provide an additional level for reflecting on one's attention
during teaching interactions. Reflecting on one's pedagogical in-
tentions and pursuing intentional attention in instructional inter-
action regardless of disrupting stimuli in the classroom could
benefit teachers in their professional development.
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Appendix A. The coding schemata
Table A1
The coding scheme of the scaffolding categories.

Scaffolding
category

Teacher's intention Example excerpts from the classroom interaction

Cognitive
scaffolding

Structuring the task “Yes, the cable can branch. But, can you find a better solution?” #9:49#
“Which one of those [solutions on students' paper] does actually look pretty cool?” #17:04#

Simplifying the task “Now you know that the cable can branch. Could you use that information somehow?” #11:47#
“Do you have a reason for these [lines] to be of different length or that this [solution] is not symmetrical?”
#23:49#

Affective
scaffolding

Recruiting and encouraging “Okay, this [task] wasn't a joke.” #11:05#
“You need to keep on trying out different solutions.” #22:4400

Preventing frustration (Annikki: “This is all your brain can do.”)
Teacher: “No, your brain can do even better.” #14:16#

Metacognitive
scaffolding

Directing students' attention towards the
learning goals

“Hey, are you able to collaborate?” #10:46#
“Konsta and Daniel, please turn around here and form a group of four [with Henrik and Unto] and think
about this together.” #13:14#

Table A2
The coding scheme of the gaze targets.

Student group/non-student target Student Focus

s¼ target group s 1 b¼ student's body
a¼ group a 2 f¼ student's face
c¼ group c 3 g¼ student's gesture
d¼ group d 4 h¼ irrelevant object
i¼ group i 5 l¼ student's hands
j¼ group j e p¼ student's solution paper
k¼ research equipment t¼ desk/relevant object
m¼ clock v¼ ruler/calculator
n¼ teacher's notes -¼ non-student target
r¼ researchers
u¼ black/white board
w¼ teacher's desk
o¼ other (wall, floor, other furniture)

Table B2
ANOVA of gaze durations with logarithm transform.

Gaze target Sum of Squares df Mean Square F p

body/hands .40 4 .10 .88 .476
face 4.07 4 1.02 7.45 .000
gesture .17 4 .04 .29 .886
objects/desk .17 4 .04 .46 .764
paper 9.98 4 2.49 16.43 .000

Note. Significant at the p< .05 level.

Table B3
Pairwise multiple comparisons Bonferroni adjusted post hoc.

Target Interaction Mean
Difference

Std.
Error

95% Confidence Interval

Lower
Bound

Upper
Bound

face monitoring vs.
cognitive

-.36*** .076 -.58 -.14

monitoring vs. affect -.30*** .068 -.50 -.11
***
Appendix B. Statistical analyses
Table B1
Gaze durations at targets during scaffolding categories.

Scaffolding category Gaze target M SD 95% Confidence Interval

Lower Bound Upper Bound

monitoring body/hands 289 71 151 428
face 290 101 92 488
gesture 1216 316 596 1837
objects/desk 281 69 146 416
paper 505 75 358 652

metacognitive body/hands 340 83 177 502
face 442 99 247 636
gesture 373 409 �428 1175
objects/desk 272 77 121 423
paper 554 81 396 712

cognitive body/hands 462 116 234 690
face 774 105 567 980
gesture 689 136 422 956
objects/desk 281 91 102 461
paper 1349 67 1218 1480

affect body/hands 323 72 182 464
face 665 83 503 828
gesture 451. 213 33 870
objects/desk 300 79 146 455
paper 390 79 234 545

fading body/hands 222 120 �13 456
face 375 154 72 678
gesture 320 708 �1068 1708
objects/desk 236 123 �5 478
paper 326 118 94 557

paper monitoring vs.
cognitive

-.31 .055 -.46 -.15

metacognitive vs.
cognitive

-.24** .058 -.40 -.07

metacognitive vs.
fading

.23* .079 .01 .45

cognitive vs. affect .37*** .057 .21 .53
cognitive vs. fading .47*** .075 .26 .68

Note. *p < .05. **p < .01. ***p < .001.
Appendix C. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.tate.2019.102877.

Funding source

The work is part of the MathTrack research project that is sup-
ported by the Academy of Finland (grant 297856).

References

Akkus, R., & Hand, B. (2011). Examining teachers' struggles as they attempt to
implement dialogical interaction as part of promoting mathematical reasoning
within their classrooms. International Journal of Science and Mathematics Edu-
cation, 9(4), 975e998. https://doi.org/10.1007/s10763-010-9266-8.

https://doi.org/10.1016/j.tate.2019.102877
https://doi.org/10.1007/s10763-010-9266-8


E. Haataja et al. / Teaching and Teacher Education 86 (2019) 10287714
Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R. (2011). Does discovery-
based instruction enhance learning? Journal of Educational Psychology, 103(1),
1e18. https://doi.org/10.1037/a0021017.

Anghileri, J. (2006). Scaffolding practices that enhance mathematics learning.
Journal of Mathematics Teacher Education, 9(1), 33e52. https://doi.org/10.1007/
s10857-006-9005-9.

Barron, B. (2003). When smart groups fail. The Journal of the Learning Sciences, 12(3),
307e359.

van den Bogert, N., van Bruggen, J., Kostons, D., & Jochems, W. M. G. (2014). First
steps into understanding teachers' visual perception of classroom events.
Teaching and Teacher Education, 37, 208e216. https://doi.org/10.1016/
j.tate.2013.09.001.

Brom, C., St�arkov�a, T., Lukavský, J., Javora, O., & Bromov�a, E. (2016). Eye tracking in
emotional design research: What are its limitations?. In Proceedings of the 9th
nordic conference on human-computer interaction (NordiCHI '16). New York, NY:
The Association for Computing Machinery. https://doi.org/10.1145/
2971485.2996749.

Clark, H. H., & Krych, M. A. (2004). Speaking while monitoring addressees for un-
derstanding. Journal of Memory and Language, 50(1), 62e81. https://doi.org/
10.1016/j.jml.2003.08.004.

Cortina, K. S., Miller, K. F., McKenzie, R., & Epstein, A. (2015). Where low and high
inference data converge: Validation of CLASS assessment of mathematics in-
struction using mobile eye tracking with expert and novice teachers. Interna-
tional Journal of Science and Mathematics Education, 13(2), 389e403. https://
doi.org/10.1007/s10763-014-9610-5.

Cross, D. (2009). Creating optimal mathematics learning environments: Combining
argumentation and writing to enhance achievement. International Journal of
Science and Mathematics Education, 7(5), 905e930. https://doi.org/10.1007/
s10763-008-9144-9.

Csibra, G. (2010). Recognizing communicative intentions in infancy. Mind & Lan-
guage, 25(2), 141e168. https://doi.org/10.1111/j.1468-0017.2009.01384.x.

Dessus, P., Cosnefroy, O., & Luengo, V. (2016). “Keep your eyes on ’em all!”: A mobile
eye-tracking analysis of teachers' sensitivity to students. In K. Verbert,
M. Sharples, & T. Klobucar (Eds.), Proceedings of the 11th European conference on
technology enhanced learning (pp. 72e84). Lyon, France: Springer, Adaptive and
Adaptable Learning.

Ding, M., Li, X., Piccolo, D., & Kulm, G. (2007). Teacher interventions in cooperative-
learning mathematics classes. The Journal of Educational Research, 100(3),
162e175. https://doi.org/10.3200/JOER.100.3.162-175.

Esmonde, I. (2009). Ideas and identities: Supporting equity in cooperative mathe-
matics learning. Review of Educational Research, 79(2), 1008e1043. https://
doi.org/10.3102/0034654309332562.

FNBE. (2014). National core curriculum for basic education 2014. Helsinki, Finland:
Finnish National Board of Education. Available at: http://www.oph.fi/english/
curricula_and_qualifications/basic_education.

Frith, C. D., & Frith, U. (2012). Mechanisms of social cognition. Annual Review of
Psychology, 63, 287e313. https://doi.org/10.1146/annurev-psych-120710-
100449.

Fyfe, E., Rittle-Johnson, B., & DeCaro, M. (2012). The effects of feedback during
exploratory mathematics problem solving: Prior knowledge matters. Journal of
Educational Psychology, 104(4), 1094e1108. https://doi.org/10.1037/a0028389.

Gaudin, C., & Chali�es, S. (2015). Video viewing in teacher education and professional
development: A literature review. Educational Research Review, 16, 41e67.
https://doi.org/10.1016/j.edurev.2015.06.001.

Gl€ockner, A., & Herbold, A. K. (2011). An eye-tracking study on information pro-
cessing in risky decisions: Evidence for compensatory strategies based on
automatic processes. Journal of Behavioral Decision Making, 24(1), 71e98.
https://doi.org/10.1002/bdm.684.

Goldin- Meadow, S. (1999). The role of gesture in communication and thinking.
Trends in Cognitive Sciences, 3(11), 419e429. https://doi.org/10.1016/S1364-
6613(99)01397-2.

Haataja, E., Garcia Moreno-Esteva, E., Toivanen, M., & Hannula, M. S. (2018).
Teacher’s gaze behavior when scaffolding peer interaction and mathematical
thinking during collaborative problem-solving activity. In E. Bergqvist,
M. €Osterholm, C. Granberg, & L. Sumpter (Eds.), Proceedings of the 42nd Con-
ference of the International Group for the Psychology of Mathematics Education
(Vol. 2, pp. 475e482). Umeå, Sweden: PME.

Holmqvist, K., Nystr€om, M., Andersson, R., Dewhurst, R., Jarodzka, H., & van der
Weijer, J. (2011). Eye tracking: A comprehensive guide to methods and measures.
Oxford, United Kingdom: Oxford University Press.

Itier, R. J. (2015). Attention to eyes in face perception. In J. Fawcett, E. Risko, &
A. Kingstone (Eds.), The handbook of attention (pp. 369e388). Cambridge, MA:
MIT Press.

Kessels, R. P., Montagne, B., Hendriks, A. W., Perrett, D. I., & de Haan, E. H. (2014).
Assessment of perception of morphed facial expressions using the Emotion
Recognition Task: Normative data from healthy participants aged 8e75. Journal
of Neuropsychology, 8(1), 75e93. https://doi.org/10.1111/jnp.12009.

Korthagen, F. A. J., Attema-Noordewier, S., & Zwart, R. C. (2014). Teacherestudent
contact: Exploring a basic but complicated concept. Teaching and Teacher Edu-
cation, 40, 22e32. https://doi.org/10.1016/j.tate.2014.01.006.

Lappi, O. (2016). Eye movements in the wild: Oculomotor control, gaze behavior &
frames of reference. Neuroscience & Biobehavioral Reviews, 69, 49e68. https://
doi.org/10.1016/j.neubiorev.2016.06.006.

Magnussen, R., Zachariassen, M., Kharlamov, N., & Larsen, B. (2017). Mobile eye
tracking methodology in informal E-learning in social groups in technology-
enhanced science centres. Electronic Journal of e-Learning, 15(1), 46e58.
Matsumoto, D., & Hwang, H. S. (2011). Evidence for training the ability to read

microexpressions of emotion. Motivation and Emotion, 35(2), 181e191. https://
doi.org/10.1007/s11031-011-9212-2.

Mayer, R. E. (2004). Should there be a three-strikes rule against pure discovery
learning? The case for guided methods of instruction. American Psychologist,
59(1), 14e19. https://doi.org/10.1037/0003-066X.59.1.14.

Mayer, R. E., & Wittrock, M. (2006). Problem solving. In P. Alexander, & P. Winne
(Eds.), Handbook of educational psychology (pp. 287e303). New York, NY:
Routledge.

McIntyre, N. A., Mainhard, T., & Klassen, R. M. (2017). Are you looking to teach?
Cultural, temporal and dynamic insights into expert teacher gaze. Learning and
Instruction, 49, 41e53. https://doi.org/10.1016/j.learninstruc.2016.12.005.

Meier, A. M., & Vogt, F. (2015). The potential of stimulated recall for investigating
self-regulation processes in inquiry learning with primary school students.
Perspectives in Science, 5, 45e53. https://doi.org/10.1016/j.pisc.2015.08.001.

Mercier, E., Vourloumi, G., & Higgins, S. (2017). Student interactions and the
development of ideas in multi-touch and paper-based collaborative mathe-
matical problem solving. British Journal of Educational Technology, 48(1),
162e175. https://doi.org/10.1111/bjet.12351.

Molenaar, I., van Boxtel, C., & Sleegers, P. (2010). The effects of scaffolding meta-
cognitive activities in small groups. Computers in Human Behavior, 26(6),
1727e1738. https://doi.org/10.1016/j.chb.2010.06.022.

Nizielski, S., Hallum, S., Lopes, P., & Schütz, A. (2012). Attention to student needs
mediates the relationship between teacher emotional intelligence and student
misconduct in the classroom. Journal of Psychoeducational Assessment, 30(4),
320e329. https://doi.org/10.1177/0734282912449439.

OECD. (2017). How does PISA measure students' ability to collaborate?. PISA in focus,
No. 77. Paris, France: OECD Publishing. https://doi.org/10.1787/f21387f6-en.

O'Donnel, A. (2006). The role of peers and group learning. In P. Alexander, &
P. Winne (Eds.), Handbook of educational psychology (pp. 781e802). New York,
NY: Routledge.

Pennings, H. J. M., Brekelmans, M., Sadler, P., Claessens, L. C. A., van der Want, A. C.,
& van Tartwijk, J. (2018). Interpersonal adaptation in teacher-student interac-
tion. Learning and Instruction, 55, 41e57. https://doi.org/10.1016/
j.learninstruc.2017.09.005.

Polya, G. (1957). How to solve it. Princeton, NJ: Lawrence Erlbaum.
Praetorius, A.-K., McIntyre, N. A., & Klassen, R. M. (2017). Reactivity effects in video-

based classroom research: An investigation using teacher and student ques-
tionnaires as well as teacher eye-tracking. Zeitschrift für Erziehungswissenschaft,
20(1), 49e74. https://doi.org/10.1007/s11618-017-0729-3.

Prieto, L. P., Sharma, K., Kidzinski, Ł., & Dillenbourg, P. (2017). Orchestration load
indicators and patterns: In-the-wild studies using mobile eye-tracking. IEEE
Transactions on Learning Technologies. https://doi.org/10.1109/TLT.2017.2690687.

Reeve, R. A., & Reynolds, F. J. (2001). The role of gesture in co-constructing math-
ematical understanding. In D. Clarke (Ed.), Perspectives on practice and meaning
in mathematics and science classrooms (pp. 231e253). Dordrecht, The
Netherlands: Kluwer.

Rosales, J., Vicente, S., Chamoso, J., Mu~neza, D., & Orrantia, J. (2012). Teachere-
student interaction in joint word problem solving: The role of situational and
mathematical knowledge in mainstream classrooms. Teaching and Teacher Ed-
ucation, 28(8), 1185e1195. https://doi.org/10.1016/j.tate.2012.07.007.

Roseth, C. J., Johnson, D. W., & Johnson, R. T. (2008). Promoting early adolescents'
achievement and peer relationships: The effects of cooperative, competitive,
and individualistic goal structures. Psychological Bulletin, 134(2), 223e246.
https://doi.org/10.1037/0033-2909.134.2.223.

Schnotz, W. (2010). Reanalyzing the expertise reversal effect. Instructional Science,
38(3), 315e323. http://www.jstor.org/stable/23372799.

Shayan, S., Bakker, A., Abrahamson, D., Duijzer, C., & van der Schaaf, M. (2017). Eye-
tracking the emergence of attentional anchors in a mathematics learning tablet
activity. In C. Was, F. Sansosti, & B. Morris (Eds.), Eye-tracking technology ap-
plications in educational research (pp. 166e194). Hershey, PA: IGI Global.

Stein, M. K., Engle, R. A., Smith, M. S., & Hughes, E. K. (2008). Orchestrating pro-
ductive mathematical discussions: Five practices for helping teachers move
beyond show and tell. Mathematical Thinking and Learning, 10(4), 313e340.
https://doi.org/10.1080/10986060802229675.

Tatler, B. (2014). Eye movements from laboratory to life. In M. Horsley, M. Eliot,
B. A. Knight, & R. Reilly (Eds.), Current trends in eye tracking research (pp. 17e36).
Cham, Switzerland: Springer.

Tatler, B., Kirtley, C., Macdonald, R. G., Mitchell, K. M. A., & Savage, S. W. (2014). The
active eye: Perspectives on eye movement research. In M. Horsley, M. Eliot,
B. A. Knight, & R. Reilly (Eds.), Current trends in eye tracking research (pp. 3e16).
Cham, Switzerland: Springer.

Tatler, B., & Land, M. (2015). Everyday visual attention. In J. Fawsett, E. Risko, &
A. Kingstone (Eds.), The handbook of attention (pp. 391e421). Cambridge, MA:
MIT Press.

Toivanen, M., Lukander, K., & Puolam€aki, K. (2017). Probabilistic approach to robust
wearable gaze tracking. Journal of Eye Movement Research, 10(4), 1e26. https://
doi.org/10.16910/jemr.10.4.2.

T€orner, G., Schoenfeld, A. H., & Reiss, K. M. (2007). Problem solving around the
world: Summing up the state of the art. ZDM Mathematics Education, 39, 5e6.
https://doi.org/10.1007/s11858-007-0053-0.

Van Blankenstein, F. M., Dolmans, D. H. J. M., van der Vleuten, C. P. M., &
Schmidt, H. G. (2011). Which cognitive processes support learning during
small-group discussion? The role of providing explanations and listening to

https://doi.org/10.1037/a0021017
https://doi.org/10.1007/s10857-006-9005-9
https://doi.org/10.1007/s10857-006-9005-9
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref6
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref6
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref6
https://doi.org/10.1016/j.tate.2013.09.001
https://doi.org/10.1016/j.tate.2013.09.001
https://doi.org/10.1145/2971485.2996749
https://doi.org/10.1145/2971485.2996749
https://doi.org/10.1016/j.jml.2003.08.004
https://doi.org/10.1016/j.jml.2003.08.004
https://doi.org/10.1007/s10763-014-9610-5
https://doi.org/10.1007/s10763-014-9610-5
https://doi.org/10.1007/s10763-008-9144-9
https://doi.org/10.1007/s10763-008-9144-9
https://doi.org/10.1111/j.1468-0017.2009.01384.x
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref13
https://doi.org/10.3200/JOER.100.3.162-175
https://doi.org/10.3102/0034654309332562
https://doi.org/10.3102/0034654309332562
http://www.oph.fi/english/curricula_and_qualifications/basic_education
http://www.oph.fi/english/curricula_and_qualifications/basic_education
https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1146/annurev-psych-120710-100449
https://doi.org/10.1037/a0028389
https://doi.org/10.1016/j.edurev.2015.06.001
https://doi.org/10.1002/bdm.684
https://doi.org/10.1016/S1364-6613(99)01397-2
https://doi.org/10.1016/S1364-6613(99)01397-2
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref61
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref22
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref23
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref23
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref23
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref23
https://doi.org/10.1111/jnp.12009
https://doi.org/10.1016/j.tate.2014.01.006
https://doi.org/10.1016/j.neubiorev.2016.06.006
https://doi.org/10.1016/j.neubiorev.2016.06.006
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref27
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref27
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref27
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref27
https://doi.org/10.1007/s11031-011-9212-2
https://doi.org/10.1007/s11031-011-9212-2
https://doi.org/10.1037/0003-066X.59.1.14
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref30
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref30
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref30
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref30
https://doi.org/10.1016/j.learninstruc.2016.12.005
https://doi.org/10.1016/j.pisc.2015.08.001
https://doi.org/10.1111/bjet.12351
https://doi.org/10.1016/j.chb.2010.06.022
https://doi.org/10.1177/0734282912449439
https://doi.org/10.1787/f21387f6-en
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref37
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref37
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref37
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref37
https://doi.org/10.1016/j.learninstruc.2017.09.005
https://doi.org/10.1016/j.learninstruc.2017.09.005
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref39
https://doi.org/10.1007/s11618-017-0729-3
https://doi.org/10.1109/TLT.2017.2690687
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref42
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref42
https://doi.org/10.1016/j.tate.2012.07.007
https://doi.org/10.1037/0033-2909.134.2.223
http://www.jstor.org/stable/23372799
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref46
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref46
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref46
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref46
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref46
https://doi.org/10.1080/10986060802229675
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref48
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref48
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref48
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref48
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref49
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref50
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref50
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref50
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref50
https://doi.org/10.16910/jemr.10.4.2
https://doi.org/10.16910/jemr.10.4.2
https://doi.org/10.1007/s11858-007-0053-0


E. Haataja et al. / Teaching and Teacher Education 86 (2019) 102877 15
others. Instructional Science, 39, 189e204. https://doi.org/10.1007/s11251-009-
9124-7.

Van de Pol, J., Volman, M., & Beishuizen, J. (2010). Scaffolding in teacher-student
interaction: A decade of research. Educational Psychology Review, 22, 271e297.
https://doi.org/10.1007/s10648-010-9127-6.

Van de Pol, J., Volman, M., & Beishuizen, J. (2012). Promoting teacher scaffolding in
small-group work: A contingency perspective. Teaching and Teacher Education,
28(2), 193e205. https://doi.org/10.1016/j.tate.2011.09.009.

Veneri, G., Rosini, F., Federighi, P., Federico, A., & Rufa, A. (2012). Evaluating gaze
control on a multi-target sequencing task: The distribution of fixations is evi-
dence of exploration optimization. Computers in Biology and Medicine, 42(2),
235e244. https://doi.org/10.1155/2014/162423.

Vygotsky, L. S. (1978). Mind in society. Cambridge, MA: MIT Press.
Wolff, C. E., Jarodzka, H., & Boshuizen, H. P. A. (2017). See and tell: Differences
between expert and novice teachers' interpretations of problematic classroom
management events. Teaching and Teacher Education, 66, 295e308. https://
doi.org/10.1016/j.tate.2017.04.015.

Wolff, C. E., Jarodzka, H., van den Bogert, N., & Boshuizen, H. P. A. (2016). Teacher
vision: Expert and novice teachers' perception of problematic classroom
management scenes. Instructional Science, 44(3), 243e265. https://doi.org/
10.1007/s11251-016-9367-z.

Wood, D., Bruner, J., & Ross, G. (1976). The role of tutoring in problem solving.
Journal of Child Psychology and Psychiatry, 17(2), 89e100. https://doi.org/10.1111/
j.1469-7610.1976.tb00381.x.

Yamamoto, T., & Imai-Matsumura, K. (2012). Teachers' gaze and awareness of stu-
dents' behavior: Using an eye tracker. Comprehensive Psychology, 2(6). https://
doi.org/10.2466/01.IT.2.6.

https://doi.org/10.1007/s11251-009-9124-7
https://doi.org/10.1007/s11251-009-9124-7
https://doi.org/10.1007/s10648-010-9127-6
https://doi.org/10.1016/j.tate.2011.09.009
https://doi.org/10.1155/2014/162423
http://refhub.elsevier.com/S0742-051X(18)31075-8/sref56
https://doi.org/10.1016/j.tate.2017.04.015
https://doi.org/10.1016/j.tate.2017.04.015
https://doi.org/10.1007/s11251-016-9367-z
https://doi.org/10.1007/s11251-016-9367-z
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
https://doi.org/10.1111/j.1469-7610.1976.tb00381.x
https://doi.org/10.2466/01.IT.2.6
https://doi.org/10.2466/01.IT.2.6

