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Abstract

The aim of this study was to investigate differences in student teachers’ and experienced
teachers’ professional vision in natural settings and to elicit clues of the relation of in-the-
moment noticing and instruction quality of students’ understanding of rational number
concept. Rational number concept challenges both students and teachers because of natural
number bias that learning of rational numbers is vulnerable to. Accurate professional vision
and adequate instructions are needed to enhance students’ understanding of rational number
concept. Mobile eye-tracking technique enables video recording of natural teaching situa-
tions from a teacher’s perspective with more specific information of teacher’s in-the-moment
noticing. Combined with cued retrospective reporting, this approach can gather more explicit
evidence of teachers’ professional vision and instructions. Results indicated that both student
teachers and experienced teachers attended to mathematical and fraction-related aspect
similarly but differed in interpreting and instructing students’ fraction understanding. Stu-
dent teachers made more advanced interpretations but their instructions were less adequate,
whereas among experienced teachers, it was just the opposite. Furthermore, student teachers
made more attempts to shared attention when using fraction understanding non-supporting
instructions, whereas experienced teachers’ attempts to shared attention were related to
fraction understanding supporting instructions. Results indicate student teachers’ difficulty
to transfer pedagogical content knowledge from noticing to actions and experienced teachers
to have more enhanced in-the-moment professional vision and its application to teaching.
Practical implications for teacher training as well as methodological decisions of in-the-
moment professional vision studies in natural settings are discussed.

The study was implemented in collaboration with Turku Eye-Tracking Laboratories, University of Turku.
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Introduction

Teacher’s pedagogical content knowledge, mediated by individual instructing, is known to have
a positive effect on students’ learning (Baumert et al. 2010). Accurate noticing and knowledge-
based reasoning, that is, professional vision (van Es and Sherin 2002), and its application are
needed in order to transfer a teacher’s pedagogical content knowledge into accurate instructions.
These professional skills are particularly important when teaching demanding content knowl-
edge that requires conceptual changes and novel ways of thinking. The fraction concept is known
to be very challenging, not only for primary school students but also for teachers (Merenluoto
and Lehtinen 2004) and for adults in general (Obersteiner et al. 2013; Vamvakoussi et al. 2012;
Van Dooren et al. 2015); hence, teaching fractions offers a context for studying teachers’
professional vision in which it is highly important that teachers are aware of students’ thinking

Research has increased knowledge about differences in pre-service teachers’ and experienced
teachers’ professional vision (e.g. Wolff et al. 2017), specifically in mathematics teaching (e.g.
Jacobs et al. 2010), and in-the-moment noticing during mathematics instruction (e.g. Haataja
et al. 2018). Studies have often been carried out in controlled laboratory settings (e.g. Stlirmer
etal. 2013b), in structured teaching situations (e.g. Stiirmer et al. 2017) and/or by observing other
teacher’s teaching (e.g. Huang and Li 2012). However, increasing numbers of studies are using
the advantages of new technology to study professional vision in authentic teaching settings (e.g.
Mclntyre 2016). Such research is needed to capture the diverse and complex process of teacher’s
professional vision in teaching situations when bare observations are not possible, but one needs
to take action at the same time. Though the importance of professional vision for optimal
instructing is reasoned in research, more empirical research is needed about how the quality of
teachers’ professional vision and the quality of instructing are related.

This study investigates in authentic settings the differences between student teachers’ and
experienced teachers’ professional vision in recall situations, and aims to elicit clues about the
relation between in-the-moment noticing and the quality of instructing students’ understanding
of the rational number concept.

Teachers’ Professional Vision

Current educational research on teachers’ noticing is partly based on Goodwin’s (1994)
definition of a professional vision meaning system, “which consists of socially organized
ways of seeing and understanding events that are answerable to the distinctive interests of a
particular social group” (p. 606). In education, professional vision has been conceptualised to
consist of two components: selective attention and knowledge-based reasoning, which in-
cludes description, explanation and prediction (Seidel and Stiirmer 2014). Therefore, the
professional vision process includes integrated knowledge systems, and its development is
strongly guided by teachers’ knowledge and beliefs (Blomberg et al. 2011; Stiirmer et al.
2013a; Wolff et al. 2016).

In education, professional vision has been applied by analysing teachers’ noticing and
interpretation of relevant features of classroom situations (van Es and Sherin 2002) and later
expanded to include a third interrelated component: decision-making of action. However, these
decisions do not always lead to effective actions because execution demands additional,
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complex skills (Jacobs et al. 2010.) Therefore, professional vision is not only an integrated
model of a teacher’s knowledge but also a system bridging knowledge and practice.

Developing students’ thinking, rather than mere task completion, through accurate instruc-
tions requires in addition to noticing and interpretation of the details of students’ thinking
processes teacher’s and student’s shared attention on the same learning target (Mattinen 2006)
and enough similar ways of attending to the target (Mason 2011). A dual eye-tracking study
has revealed that shared attention, or noticing the absence of it, enables teacher to follow
student’s understanding and instruct student’s learning process (Shvarts 2018); hence, shared
attention in a teaching situation is important not only for accurate instructing but also for
teacher’s interpretations of student’s understanding.

Development of Teachers’ Professional Vision

Experience makes a remarkable difference in teachers’ professional vision (Jacobs et al. 2010).
Professional vision is not a natural talent that a teacher either has or lacks but, rather, it is a skill
that can be learned and developed (Jacobs et al. 2010; Stiirmer et al. 2016; Stiirmer et al.
2013b). Good results have been accomplished when professional vision is fostered with
guided video observations (Blomberg et al. 2013; Sherin and van Es 2009; Stahnke et al.
2016; Stockero et al. 2017; Stiirmer et al. 2013b; Weber et al. 2018), though the impact on
classroom practices needs further exploration (Major and Watson 2017).

Novice teachers do not automatically know how to observe students’ learning (Stahnke
et al. 2016; Star and Strickland 2008; Stockero et al. 2017). Eye-tracking studies have revealed
that novice teachers tend to have more dispersed and image-driven perceptions, while expert
teachers have more focused and knowledge-based perceptions (Wolff et al. 2016), can monitor
more areas than novices (Wolff et al. 2016), focus on students (McIntyre et al. 2019; McIntyre
et al. 2017; Stiirmer et al. 2017; Van den Bogert et al. 2014), are more efficient in their noticing
(MclIntyre et al. 2017) and attend to essential features (Hogan et al. 2003; Miller 2011). This
may be due to experts’ capability to recognise quickly and accurately meaningful patterns in
the situation (Berliner 2004). A key element of more effective noticing is being able to shift
perspective from the teacher’s actions to the students (Sherin and Han 2004).

Additionally, knowledge-based reasoning in classroom situations is more challenging for
novice teachers (Stahnke et al. 2016). Novices who lack teaching experience tend to make
statements rather than interpret understanding in respect of mathematical content (Star and
Strickland 2008) and struggle with interpreting students’ understanding (Jacobs et al. 2010;
Wolff et al. 2017). Furthermore, novices tend to have more scattered and disjointed reasoning
and fail to make connections between teachers’ and students’ actions, whereas expert teachers
are able to adopt multiple points of view and integrate them while maintaining continuity of
events (Wolff et al. 2015); hence, qualitative change in knowledge-based reasoning occurs
when teachers use interpretation rather than description (van Es and Sherin 2008).

Differences also emerge in novice teachers’ and expert teachers’ instruction skills. Diag-
nostic teaching, which aims to build students’ understanding, is a difficult skill to adopt and
hence a feature of highly accomplished teachers (Shoenfelt 2011). According to Berliner
(2004), teachers develop more holistic ways of seeing situations and their actions become
increasingly flexible. These abilities do not develop by experience alone, since only a small
group of teachers gain the skills of an expert (Berliner 2004.) Becoming an expert requires
deliberate practice (Ericsson 2018). Teachers who repeatedly develop their skills with signif-
icant effort, concentration and motivation for self-improvement and who get immediate and
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informative feedback differ in their expertise from other experienced teachers (Bronkhorst
et al. 2014.)

However, the definitions of concepts of expertise are used in varying ways. In professional
vision studies, the term “novice teachers” refers to student teachers as well as to less experienced
in-service teachers, whereas term “expert” is used to refer to experienced in-service teachers as
well as in-service teachers with deliberately trained skills often nominated as experts by their
colleagues. Of the participants of our study, we use terms “student teachers” and “experienced
teachers”, since the selection of participants is based on amount of teaching experience only.

Professional Vision and Students’ Understanding of Fractions

Teaching rational numbers (fractions and decimals) is a challenge for teachers’ professional
vision, since noticing possible problems in students’ mathematical thinking in rational number
tasks is a demanding and complex process. Noticing in mathematics teaching in general is
known to be challenging, especially for pre-service teachers, primary school teachers (Jacobs
et al. 2010) and even for secondary mathematics teachers (Star and Strickland 2008) with
comparably wider mathematical pedagogical content knowledge. Specifically, with the con-
cept of rational numbers, it is challenging to notice and interpret students’ misconceptions. At
the same time, teachers need to inhibit their own possible misconceptions to be able to instruct
students’ understanding in an optimal way.

The difficulties in teaching and learning rational number knowledge are not only due to the
increasing complexity of operations with fractions and decimals but also because the shift from
natural to rational numbers requires deep changes in students’ conceptions of numbers. Many of
the features of natural numbers, such as size and order, are not directly applicable in thinking
about rational numbers. However, increasing research evidence shows that students tend to
overgeneralise their natural number knowledge to rational numbers (McMullen et al. 2015; Van
Dooren et al. 2015; Vamvakoussi and Vosniadou 2004). This phenomenon, known as natural
number bias, explains many of the difficulties that students have in understanding rational
numbers and their operations (Van Dooren et al. 2015). Automatic activation of natural number
knowledge in rational number tasks (natural number bias) happens for practically everybody
(Obersteiner et al. 2013), and avoiding misconceptions and errors requires quick inhibition
(Vosniadou et al. 2018). Studies have shown that conceptual change from natural to rational
numbers is a long process, and natural number bias can result in misconceptions during many
phases of the process (Kainulainen et al. 2017; McMullen et al. 2015).

This all means that noticing possible problems in students’ mathematical thinking in rational
number tasks is a demanding and complex process. Noticing of mathematical content in general
is known to be challenging, especially for pre-service teachers, primary school teachers (Jacobs
et al. 2010) and secondary mathematics teachers (Star and Strickland 2008) with comparably
wider mathematical pedagogical content knowledge. Specifically, with the concept of rational
numbers, noticing is challenged by students’ natural number bias that causes crucial teaching
moments that teachers should notice. At the same time, teachers need to inhibit their own natural
number bias to be able to instruct students’ understanding in an optimal way.

Furthermore, teachers’ professional vision when teaching fractions can have crucial con-
sequences for students’ mathematical learning in general. Proficiency in fractions is a strong
predictor of later mathematical learning (Siegler et al. 2013) and knowledge of fractions,
decimals and percentages is highly important for professional and everyday skills (Hansen
et al. 2017). However, research has shown that many students finish their general education
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with an inadequate understanding of rational numbers (Hansen et al. 2017; Van Dooren et al.
2015). This is partly due to deficiencies in primary school teachers’ content knowledge and
pedagogical content knowledge of rational numbers (Merenluoto and Lehtinen 2004; Newton
2008). To enhance students’ learning of rational numbers, more focus should be put on
teachers’ professional skills and training. Hence, there is a need for research on teachers’
professional vision when teaching rational numbers.

Triangulation of Methods to Study Professional Vision

Sherin and colleagues made initial attempts to obtain more accurate data for observing
teacher—student interactions using a wearable video camera that was placed on a teacher’s
head (Sherin et al. 2008). Since this study, observation techniques have developed, and eye
movement measurements have been found to be promising additional tools for professional
vision studies (see MclIntyre et al. 2017; Mclntyre et al. 2019; Stiirmer et al. 2017; Van den
Bogert et al. 2014; Wolff et al. 2016); this has also been applied in mathematics (see Haataja
et al. 2017, 2018). Furthermore, mobile eye tracking enables studies to take place in real
teaching situations, which is important since teacher’s noticing (Haataja et al. 2018), as well as
interpretation and decision-making (Kaiser et al. 2017), is situation-specific. Besides capturing
teacher’s eye movements, eye tracking records teaching situations from a first-person perspec-
tive, which enables a more valid recall process by limiting observation to the essential and
authentic parts of the interaction (Gaudin and Chali¢s 2015).

However, the problem with eye tracking is that actual attention and its manner of
expression cannot be derived from gaze alone (Mason 2011) neither does eye tracking
catch the knowledge-based reasoning process of a teacher. To cover this gap, we use
cued retrospective reporting (CRR). CRR employs video or other materials as a cue or
stimulus for remembering a previous situation. Rather than being interviewed, partici-
pants in CRR are guided to remember and think aloud about the situation while watching
the video. This enables more authentic remembering. Hence, CRR combines the advan-
tages of concurrent reporting (which is impossible while teaching) with the advantages of
retrospective recall (van Gog et al. 2005).

A challenge of CRR is balancing the proper amount of guidance to enable teachers to make
notions but not to mislead or disturb their remembering process. A common problem with
think-aloud tasks is teachers’ tendency to focus on cue features other than those they are
guided to focus on (Sherin and van Es 2009). Also, as close as CRR can get to teacher’s
attending, interpreting and decision-making during teaching situation, interaction between
these components is more complex in real teaching situations than in CRR where observation
is limited to some specific aspects (Sherin and van Es 2009), in this case to students’
mathematical thinking.

This study aims to combine the methods of first-person perspective recording, eye tracking
and CRR in order to investigate differences in student teachers’ and experienced teachers’
professional vision in authentic settings.

Research Questions
1. How do student teachers and experienced teachers differ in attending to students’ math-

ematical thinking?
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2. How do student teachers and experienced teachers differ in interpreting students’ under-
standing of fractions?

3. How do student teachers and experienced teachers differ in instructing students’ under-
standing of fractions?

4. How do student teachers and experienced teachers differ in attempts at shared attention
when instructing understanding of fractions?

Methods
Participants

Four student teachers, four experienced teachers and 82 fourth graders participated in the
study. All student teachers (three female, one male) were in the final year of their class teacher
studies. In the autumn of 2018, the student teachers participated in one of the alternative forms
of conducting the final practical training period, which integrated research and teaching
training. All of the student teachers only had teaching experience from three previous practical
training periods within teacher education and some short periods as substitute teachers. In
Finland, student teachers actively participate in teaching in practical training periods by
planning and giving lessons under a class teacher’s supervision. One of the student teachers
had worked as a special needs assistant for 4 years before commencing her master studies.
None of the student teachers had mathematics as a minor subject.

All experienced teachers (three female, one male) worked as fourth-grade class teachers in
local elementary schools and had between 9 and 21 years of teaching experience. One of the
experienced teachers had studied mathematics as a minor subject during class teacher studies;
one had completed in-service mathematics teaching courses during her career but had not
taught mathematics for 10 years; and one had completed special education studies but had not
worked as a special education teacher. Each experienced teacher supervised one student
teacher’s training period.

In all, 82 fourth-grade students from four classes participated in the lessons and video
recordings. Class sizes varied between 11 and 27 students. Participation was voluntary for all,
and written consent was required from students’ custodians. Only three students’ custodians
declined their children’s participation in the research. Students who did not have permission
for participation did not take part in video recordings. Experienced teachers received compen-
sation in accordance with their salary for the time spent on research measurements.

Procedure

Ethical clearance from ethics committee was obtained and the committee supported imple-
mentation of the study. Data gathering was done during the autumn term of 2018. Measure-
ments were taken for experienced teachers before the student teachers’ training period. For
student teachers, measurements were taken in the first lesson they led on their own, after 8 h of
observation of the class.

Teachers and their students were familiarised with the eye-tracking glasses at the end of the
previous lesson for about 15 min before the first recording commenced. The mathematics
lesson was recorded with eye-tracking glasses and the CRR was carried out after the video
recording.
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Measures

Data was gathered similarly from both student teachers and experienced teachers. Each teacher
carried out one lesson that she/he recorded with the wearable eye tracker. Teachers were
instructed to deliver a 45-min lesson about fractions and to pick a specific topic that would be
suitable for their students. No other instructions about the lesson were given. In all, 5 h of
video data of teaching situation was gathered, with each recording lasting 38 min on average.
The recording of one participant stopped due to errors with the wireless connection, which
happened twice, causing the loss of about 7 min of data.

In order to study what aspects the teachers noticed and interpreted in the students’ learning,
each teacher participated in CRR after the recorded lesson. Teachers were instructed to watch
the video of the lesson and think aloud about what they noticed regarding students’ mathe-
matical thinking and how they decided to instruct students during the lesson. Teachers were
allowed to talk during the video and to pause it if they needed to. To ensure that recall of the
teaching situation was as authentic as possible, we used scene video that did not include eye-
tracking data and the researcher did not comment or ask questions during the CRR. The CRR
lasted on average for 54 min, with the shortest taking 38 min and the longest taking 82 min.

Eye-Tracking Equipment

The wearable Tobii Pro Glasses 2 mobile eye tracker consists of a head unit resembling regular
glasses that are connected with a thin cable to a recording unit attached to the participant’s hip
with a belt. The glasses include four eye cameras with 240 % 960 resolution to record eye
movements, a microphone and a scene camera with 1920 x 1080 at 25 fps and a wide field of
view (90°) to record the environment. The eye tracker catches data with a 50 Hz sampling rate.
The glasses have an automatic slippage compensation system to avoid loss of calibration
during dynamic recording. The calibration system is one-pointed, and all participants were
calibrated before recording and before starting a new recording after interruption due to
technical error. The system is wirelessly connected to a computer, where recording is
controlled with the Tobii Pro Glasses Controller (x 64). (Tobii 2016).

Data Analysis

Without being given any instructions about teaching methods, all teachers had quite similar
structures to their lessons. The teachers first started with a general overview of the topic,
followed by individual, pair or group work when teachers checked how students proceeded.
Most of the teachers arranged workbook tasks for the students. One student teacher and one
experienced teacher teaching the same class had playful tasks with demonstrative materials. To
identify the quality of the individual support, parts of one-on-one teaching for individual
students, pairs or small groups were selected for analysis. Durations of selected phases varied
from 11 to 30 min. Selection of episodes continued based on the qualitative analysis described
in Fig. 1.

First, the teacher’s speech during the CRR was transcribed. Next, from all episodes, those
including teachers’ notions about students’ mathematical thinking in the CRR were identified
and selected for later analysis. Analysis included two categories: mathematical category with
episodes in which a teacher referred to a student’s mathematical thinking, and non-
mathematical category with episodes in which a teacher noted things other than a student’s
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RQ1: Identification of RQ3: Analysis of
Trascription of fraction-related instruction in scene
teachers’ CRR episodes in CRR video data
RQ1: Identification of RQ2: Analysis of RQ4: Analysis of attempts at
mathematical episodes level of shared attention during
in CRR interpretation in CRR instruction in eye tracking data

Fig. 1 Procedure of analysis

mathematical thinking. Analysis was done based on the transcripts, and video was used as a
secondary source to identify whether a teacher referred to the task or mathematical content.

Next, teachers’ notions of students’ understanding of fractions in the CRR were identified
and selected for later analysis. Analysis included two categories. Category of fraction-related
content included episodes in which a teacher refers to a student’s understanding of fractions.
Category of other mathematical content included episodes in which a teacher mentions
something general about an individual student’s mathematical understanding. Analysis was
done based on the transcripts, and video was used as secondary source to confirm the target of
teacher’s notion.

To analyse teachers’ interpretations of students’ understanding of fractions, the qualitative
analysis similar to van Es and Sherin’s (2008) study was carried out for fraction-related
episodes. Three levels were used and modified based on our data: descriptive, evaluative
and interpretive. An episode was coded as “descriptive” if the teacher described what the
student was doing but did not evaluate or interpret the student’s understanding of fractions. An
episode was coded as “evaluative” if the teacher not only described what the student did but
also evaluated the difficulty of the task for the student but did not interpret the student’s
thinking. An episode was coded as “interpretive” if the teacher made detailed fraction content-
related notions about the student’s understanding and reasoned it. Episodes were coded based
on the highest possible level because teachers first tend to make general notions and then
specify their talk. Analysis was done based on transcripts, and video was used as secondary
source to identify whether a teacher referred to task or fraction content.

Next, teachers’ instructions were analysed for all fraction episodes from the video data.
Two categories were used. Fraction understanding supportive episodes included a teacher’s
instruction that mainly aimed to deepen students’ understanding of a fraction concept. Fraction
understanding non-supportive episodes included teacher’s instructions that were mainly mis-
leading, superficial, did not challenge students’ own thinking or supported natural number
bias. Classification of instruction was based on what kinds of instructions were most present in
the episode.

All phases of analysis described above were double coded by trained analysers. Of each
dataset, 20-25% of episodes were selected for double coding by selecting every fifth episode
of the data set. Inter-rater reliability for each phase was between 79% and 86%. Differences in
coding were resolved through discussion. More detailed information of the categories of the
qualitative analysis is provided in Appendix 1.

Eye movement data was used to analyse teachers’ shared attention. Because of the dynamic
nature of our data, times of interest (TOIs) were used as an analysis tool, involving manually
marking time points (events) in the data when the teacher’s gaze was in an area of interest
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(AOI]). Three AOIs were identified as custom TOIs: material (AOI 1); student (AOI 2); and
other (AOI 3, meaning a teacher’s gaze was at any area other than the material or student(s)).
AOIs are visualized in Fig. 2.

Each TOI was built by two events: the starting point and the ending point of the AOI. Next,
sequences of gaze shifting from the material to a student’s face and back to the material were
defined as attempts at shared attention. The frequency of attempts at shared attention was
counted and the relation to instructing was studied with cross tabulation analysis.

For the recording that suffered from problems with the wireless connection, unsuccessful
calibration caused the loss of 7 min of eye movement data covering two fraction episodes. This
part was left out from the eye movement analysis. The quality of eye tracking for other parts of
the data was good, with 78-96% gaze samples. Minor loss of gaze samples was mainly due to
participants looking above or below the rim of the glasses. Analysis was done with Tobii Pro Lab
using gaze filter Tobii I-VT (attention), which is designed for analysis of eye tracking in dynamic
situations. Filter velocity threshold was set to 100°/s to define fixations, smooth pursuit,
vestibular ocular reflex and 10—~15% of saccades as indicators of attention (Tobii Pro 2019).

Results

Differences in Student Teachers’ and Experienced Teachers’ Attending to Students’
Mathematical Thinking

We were interested to see what amount of teachers’ notions in the CRR were related to
mathematical content and, more specifically, to fraction content. Table 1 shows the amount of
student teachers’ and experienced teachers’ notions made in the CRR. All episodes include
notions of students’ mathematical thinking and other non-mathematical notions of teaching

Fig. 2 Example of areas of interest
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situations. Episodes that focused on students’ mathematical thinking include notions of
students’ fraction understanding and notions of other mathematical content.

Student teachers and experienced teachers attended to both mathematical aspects in stu-
dents’ learning and other features of their learning. There was no significant difference in
student teachers’ and experienced teachers’ selection of mathematical and non-mathematical
episodes, x2 (1, N = 152) = 1476. Also, selection of fraction-related and other mathematical
content-related episodes did not differ between student teachers and experienced teachers, x?
(1, N = 86) = 3285.

Differences in Student Teachers’ and Experienced Teachers’ Interpretation
of Students’ Understanding of Fractions

Furthermore, we were interested in how teachers interpreted students’ understanding of
fractions and whether there were qualitative differences in their ways of commenting on these
situations. Table 2 shows student teachers’ and experienced teachers’ level of interpretation of
students’ understanding of fractions in the CRR.

Student teachers’ notions were mostly interpretative (27.3 %) and evaluative (63.6%),
whereas experienced teachers’ explanations were predominantly evaluative (41.7%) and
descriptive (44.4%). The difference in interpretation levels was significant, x2 (2, N = 69) =
10.93, p < 0.01.

Differences in Student Teachers’ and Experienced Teachers’ Types of Instructing
Students’ Understanding of Fractions

We were also interested in how student teachers’ and experienced teachers’ noticing
and interpretation transferred into instruction and whether there were differences
between the groups. Table 3 describes student teachers’ and experienced teachers’
instructions.

Student teachers attended to episodes classified as supportive only in 21.2 % of episodes,
whereas experienced teachers attended to episodes classified as supportive in 52.8 % of
episodes. The difference was significant, x2 (I, N = 69) = 7.306, p < 0.01. As described
carlier, student teachers tend to interpret and evaluate the episodes they made notions on, and
as can be seen from Table 3, these interpretations and evaluations were mostly about fraction
understanding in non-supportive teaching situations. This indicates that student teachers aimed
at evaluating and interpreting students’ understanding of fractions, which requires knowledge
of fraction content learning, but they could not transfer their knowledge adequately into
instruction.

Table 1 Notions of one-to-one teaching situations

Student teachers Experienced teachers
All episodes 100.0% (59) 100.0% (93)
Non-mathematical 37.3% 47.3%
Mathematical 62.7% 52.7%
Fractions 55.9% 38.7%
Other mathematical content 6.8% 14.0%
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Table 2 Levels of interpretation in fraction understanding-related episodes

Student teachers Experienced teachers
All fraction episodes 100.0%(33) 100.0%(36)
Interpretive 27.3% 13.9%
Evaluative 63.6% 41.7%
Descriptive 9.1% 44.4%

An example from one student teacher clarifies the interpretation in the CRR and non-
supportive instructing. The student teacher explained to the student how the mixed fraction 1
3/10 should be written. The student did not understand how the whole unit should have been
marked but was able to alter one whole as 10 over 10. Instead of instructing the student to
understand that 10/10 means one whole, the student teacher instructed the student to mark the
numbers that were given in the task. In the CRR, the student teacher pointed out that he had
noticed the student’s understanding and interpreted the mathematical content the student was
operating with during the task: “I kind of noticed that she understands, like, the relation of the
fraction and the whole number when she altered that number one as 10 over 10 even though it
was not kind of what was meant [to be done]”.

As described earlier, experienced teachers tend to describe and evaluate the episodes they
made notions on. As can be seen from Table 3, these descriptions and evaluations were more
evenly distributed to fraction understanding supportive and non-supportive episodes. This
indicates that, even though experienced teachers struggled with interpreting students’ under-
standing of fractions, in many of these situations, they could still support students’ under-
standing of fractions.

An example from one experienced teacher clarifies the description in the CRR and
supportive instructing. The experienced teacher explained to the student that he could solve
the task by thinking of fractions as divisions. She phased the task by asking questions that
helped the student to transfer fractions as whole numbers and understand the relation of
fractions and divisions. During the CRR, the teacher described at a general level how students
think about these kinds of tasks and how she guided them to understand that, but she did not
evaluate or point out the thinking of this particular student: “Divisions are often, like, which
way the student thinks that. Someone thinks that how many times the number fits in the other
number or does one think how many times that 15, like, there are two ways to think about it.
How many parts it divides or how many times it fits so that usually I tell both of these options
to a child because then the one that is easier for him to start thinking. Which way, like, as
multiplication or by dividing”.

Table 3 Categories of instructing in fraction-related episodes

Interpretive Evaluative Descriptive Sum
Student teachers
Supportive 6.1% 12.1% 3.0% 21.2%(7)
Non-supportive 21.2% 51.5% 6.1% 78.8%(26)
Experienced teacher
Supportive 11.1% 22.3% 19.4% 52.8%(19)
Non-supportive 2.8% 19.4% 25.0% 47.2%(17)
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Student Teachers’ and Experienced Teachers’ Differences in Attempts at Shared
Attention During Instruction of Fraction Understanding

Furthermore, we were interested to investigate whether student teachers and experienced
teachers differed in the amount of attempts at shared attention during instruction. Table 4
describes student teachers’ and experienced teachers’ attempts at shared attention during
fraction-related episodes.

There was only a small overall difference in the number of student teachers’ (N = 95) and
experienced teachers” (N = 86) eye movements indicating attempts at shared attention.
However, student teachers indicated more shared attention in fraction understanding non-
supportive episodes and experienced teachers in fraction understanding supportive episodes.
The difference was significant, x2 (1, N = 184) = 41.97, p < 0.001.

The results indicate qualitative differences between student teachers’ and experi-
enced teachers’ instructing. Both student teachers and experienced teachers made
attempts at shared attention but they differed with the target they tried to attend the
students to. Experienced teachers’ attempts at shared attention were mainly part of
instruction episodes in which they were supporting students’ understanding of frac-
tions. Student teachers’ instruction episodes were mainly classified as non-supportive
(78.8%), and attempts at shared attention were distributed correspondingly. Experi-
enced teachers tended to focus students’ attention on essential features of the task to
enhance conceptual learning, whereas student teachers tended to focus students’
attention on irrelevant or even misleading features of the task.

Discussion

The aim of this study was to investigate student teachers’ and experienced teachers’
professional vision when teaching rational numbers in authentic teaching situations.
The study focused on student teachers’ and experienced teachers’ differences in
attending to mathematical aspects of teaching situations, in their interpretation of
students’ understanding of fractions, in the types of instructional support and in
attempts at shared attention in episodes they attended to. Even though the small
sample size limits generalisations about the results, the qualitative findings based on
the data provide insights into teachers’ noticing and interpretation of students’ under-
standing of rational numbers. Results indicate that student teachers are already quite
advanced in noticing and interpreting students’ learning processes, but experienced
teachers can better apply their knowledge in supporting students’ learning of this
demanding mathematical content.

Table 4 Amount of teachers’ attempts at shared attention during instruction

Student teachers Experienced teacher
All shared attention 100.0%(95) 100.0%(86)
Supportive 27.0% 76.0%
Non-supportive 73.0% 24.0%
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The results indicate that there were no differences in student teachers’ and
experienced teachers’ attending to students’ mathematical thinking or fraction under-
standing in the CRR. Aligning with previous studies (Sherin and van Es 2009; van
Es and Sherin 2008), both student teachers and experienced teachers also tended to
focus on other than mathematical features of teaching situation even when they were
guided to focus on mathematical aspects. This indicates that even subject-specific
noticing includes general students’ learning and classroom management-related
aspects.

Furthermore, the results indicate that, in the CRR, student teachers interpreted
students’ understanding of fractions in addition to evaluating it, whereas experienced
teachers tended to describe and evaluate students’ understanding of fractions, which is
contradictory to previous studies (Jacobs et al. 2010; Star and Strickland 2008). This
result may be due to the more recent mathematics education studies of student
teachers which enables them to make content-specific interpretations. Experienced
teachers tend to tell how students usually operate, so their knowledge of individual
students might have, in some cases, overshadowed their specific interpretations about
fraction learning.

Student teachers and experienced teachers differed in their focus of instruction
which triggered teachers’ interpretations in the CRR. Student teachers selected more
non-supportive episodes than supportive episodes, whereas experienced teachers se-
lected equally fraction understanding supportive episodes and non-supportive episodes.
Even though student teachers had more advanced interpretations in the CRR relating
to fraction episodes, most of these episodes included non-supportive instructing of
students’ understanding of fractions. This indicates that student teachers are able to
use their content knowledge to interpret students’ understanding of fractions but
struggle with applying it to instructions, which is known to demand other complex
skills (Jacobs et al. 2010). It is also possible that student teachers were able to
interpret students’ understanding afterwards in the CRR but were not able to do it
during the teaching situation, which demands more selective noticing (Sherin and van
Es 2009), whereas experienced teachers were able to apply it in some teaching
situations but struggled to interpret students’ thinking in the CRR. It is notable that
this study focuses on the relation of interpretation skills and instruction skills, which
demands the selection of episodes based on teachers’ interpretations in the CRR
among all one-on-one teaching situations; hence, further analysis is needed to study
what the main trend in teachers’ instructing of rational number knowledge was.

Analyses of attempts at shared attention reveal features of relations between
noticing, interpreting and instructing. Even though student teachers and experienced
teachers made as many attempts at shared attention with students, there are qualitative
differences. Student teachers tended to focus students’ attention on irrelevant or even
misleading features of the fraction task, whereas experienced teachers aimed at
focusing students’ attention on essential features that enhanced their conceptual
understanding of fractions. Studies have shown that, in parent—child interaction,
shared attention enables parents to interpret and instruct children (Shvarts 2018).
For student teachers, attempts at shared attention might have enabled them to interpret
students’ understanding but did not lead to accurate instructing, which indicates the
diagnostic nature of student teachers’ noticing. In contrast, experienced teachers’
attempts at shared attention were related to accurate instructions, which indicates
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more advanced noticing despite difficulties in interpreting students’ understanding
after the teaching situation.

By using the advantages of mobile eye tracking, this study combined first-person
perspective recording, eye tracking and CRR with minimised researcher interference
during the data-gathering process to foster authenticity of the teaching situation. We
used scene video as a basis for CRR to provide identical perspectives to the teaching
situation and to focus teachers’ attention on students’ thinking in real one-on-one
teaching situations (Sherin and Han 2004). Free recall, without interview questions,
enabled participants to recall their thinking during the teaching situation and to
express their thinking about the situations they found to be meaningful. Fostering
ecologically valid settings makes it impossible to standardise conditions and exclude
the effect of other possible factors for human behaviour. This inevitably sets limits for
comparisons between groups, but it enables studying teachers’ professional vision, as
complex as it is, in buzzing teaching situations.

Implications

The results of this study indicate that both student teachers and experienced teachers
would benefit from training in professional vision and instruction skills relating to
students’ understanding of fractions, but their need for training is different. Our
results indicate that student teachers would benefit from training regarding their in-
the-moment noticing and interpretation skills as well as instruction skills in order to
be able to apply the knowledge they used in the CRR. Even though these skills,
based on our results, develop through teaching experience, guided video enhanced
training, for example, would be beneficial (Blomberg et al. 2013; Sherin and van Es
2009; Stahnke et al. 2016; Stockero et al. 2017; Stiirmer et al. 2013a, b; Weber et al.
2018).

Unlike student teachers, experienced teachers would benefit from enhancing mathematical
pedagogical content knowledge of rational numbers in order to deploy more accurate noticing
than they presently do to interpret students’ fraction understanding in more detail and instruct
students’ understanding even better.

Applying mobile eye-tracking technology in teacher training could help teachers to
focus on students’ thinking processes rather than their own actions, which has been
found to be essential for more effective noticing (Sherin and Han 2004). Further
investigations are needed to study the adequacy of these research methods as tools for
teacher training. In the future, a similar design study with a bigger sample would
provide results that can be generalised. Findings about the benefits and limitations of
the methods we used in this study provide information for designing studies of in-the-
moment noticing in authentic settings.
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Appendix

Analysis

Indicators

Examples

Identification of mathematical and nonmathematical episodes
Mathematical episodes Teacher refers to a student’s mathematical

Non-mathematical
episodes

thinking.
Uses mathematical terms or indirectly refers
to a student’s mathematical thinking.
Mentions a student’s skills in mathematics.

Tells how she/he did/did not understand a
student’s thinking.

Tells how he/she guided a student’s
mathematical thinking.

Talks mostly about other things but still
briefly refers to a student’s mathematical
thinking.

Tells how a student solves a mathematical
problem.

Mentions that a student understands/does
not understand mathematical content.

Mentions that a student can/cannot solve
the mathematical task.

Mentions what strategies a student uses
to solve mathematical problem.

Notes something about a student’s
mathematical learning.

Tells how the mathematics task helped
a student to understand mathematics.

Teacher notes things other than a student’s
mathematical thinking.

Notes things other than a student’s
mathematical thinking.

Notes unspecified group’s mathematical
thinking.

Notes a student’s behaviour or learning
in general.

Notes unspecified groups’ working.

Comments the difficulty of the task.

Comments something unrelated to students’
learning.

Tells how she/he guided students work but
does not refer to a student’s mathematical
thinking.

Reflects their own teaching or task.

“Here we talked about how to operate
with the number line.”

“There was no problem, she is usually
good at mathematics.”

“I don’t know why he got that for an
answer.”

“I tried to draw a picture to make the
fraction more clear to the student.”

“The task included different kind of
problem solving that is tricky for the
students. And she has problem with
concentrating on the task. But there
she got the idea and was able to put
the right denumerator.”

“He had understood that demoninator
should be always the same, but |
asked him to pay attention to the
amount of the parts of the fraction
pie.”

“She did not understand how the whole
should have been divided in parts.”

“He had not been able to proceed with
the task.”

“She uses the picture of the textbook to
solve the problem.”

“He had gotten three for an answer which
was not right but it did not disturb his
learning.”

“This was a good task because it includes
a bit different expression for the same
fraction so they have to leam these
different meanings and it can be quite
difficult for many.”

“They are a bit too energetic to
concentrate properly.”

“Students are usually pretty good at this
kind of mathematical tasks.”

“This is learning nowadays.”

“They are proceeding well with the task.”

“This can be challenging for many
students since the task demands an
other kind of problem solving.”

“I noticed that my clock stopped
working.”

“I encouraged the student and told him
that the task is quite difficult.”

“I should have checked more how
students proceed. I know that many
of them are uncertain.”

Identification of fraction related and other mathematical content related episodes

Fraction-related

Teacher refers to student’s fraction
related understanding
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(continued)

Analysis

Indicators

Examples

Other mathematical
content related

Comments specifically on a student’s
(mis)understanding of fractions.

Comments on a student’s work with a
fraction task.

Comments on his/her own instructions
that aim to build a student’s
understanding of fractions.

Tells what is easy/difficult for a student.

Teacher refers to student’s mathematical
understanding in general

Mentions something general about an
individual student’s mathematical
understanding.

Refers to a student’s skills with mathematical
content other than fractions.

Mentions what kind of strategy she/he
taught to a student.

Notes a student’s task-completing or strategies.

Analysis of level of interpretation

Descriptive

Evaluative

Interpretive

@ Springer

Teacher describes what the student is
doing but does not evaluate or
interpret the student’s understanding
of fractions.

Comments unspecifically about a
student’s understanding.

Makes fraction-related comments about
the task rather than a student’s
understanding.

Describes her/his guidance without
mentioning a student’s thinking.

Makes general notions about fraction learning.

Comments the fraction tasks.

Evaluates the whole group’s or part
of the group’s understanding.

Notes a student’s (mis)understanding,
but does not reason it.

Teacher does not only describe what the
student is doing but also evaluates the
difficulty of the task for the student but
does not interpret the student’s thinking.

Comments the difficulty of fraction tasks
for a student without interpretation.

Makes unspecified interpretations about
fraction content.

Evaluates a student’s understanding
of fractions with explanation that
was not related to understanding
of fractions.

Teacher makes detailed fraction
content-related notions about the
student’s understanding and
reasons it.

“When I helped him with the concept of
‘half’, he understood what it meant.”

“She usually has problems with this kind
of task but this one she could do.”

“I tried to explain it so that she would
understand that it is easier to divide
it in to two parts rather than four.”

“It was difficult for her to understand
what is half of the fraction pie that is
divided in six parts.”

“He is really good at mathematics.”

“She could not remember how to operate
with multiplications.”

“T taught him to compare the pictures to
figure out the solution to this problem.”

“Here she marked with dots how many
parts she had already counted.”

“He lacks skills in maths but it was nice
to see that he could get started with
this task.”

“She had done a comparison of amounts
but I don t know how they really
managed.”

“I reminded him about the rules relating t
o reducing; that is important to
remember in future.”

“In fractions one must understand which
one is the denominator and which one is
the numerator.”

“T am glad I took this task where one has
to think about the order of fractions in
the number line.”

“They could do these fraction tasks well.”

“She had wrong denominator but it did
not matter.”

“This was easy for him.”

“There she draws the amount of the
numerator— odd. She probably needed
a concrete model of the situation.”
“She had not made any extra marks
to the task so she must have known
how to solve it.”
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(continued)

Analysis Indicators

Examples

Interprets a student’s understanding.

Comments a student’s understanding
with reference to a student’s actions.

Makes specific description with fraction

understanding-related notions about a
student’s task solving.

Analysis of teachers’ instructions

Fraction Teacher uses instructions that mainly
understanding aim to deepen students’ understanding
supportive of a fraction concept.

Encourages students to think him/herself
by asking a question or modelling the
situation but not giving the solution.

Ensures the student’s understanding by
fraction content-related questions.

Phases the task by asking fraction
content-related questions.

Fraction Teacher’s instructions are mainly
understanding misleading or superficial, do not
nonsupportive challenge students’ own thinking, or

instructions support natural number
bias.

Provides general guidance, such as
questions about students proceeding
with a task.

Guides task performance rather than
understanding of fraction content.

Guides in a superficial way.

Tells the right answer to the student.

Phases the task by giving the answers.

Asks rhetorical questions.
Quizzes about the right answer.

Gives misleading or natural number
bias-supporting guidance by passing
a student’s misconception.

Gives misleading or natural number
bias-supporting guidance by guiding
students to use the same strategies with
fractions as with natural numbers.

Analysis of shared attention
Material TOI was built by two events: the starting
point of material AOI when teacher’s

“He counted the fraction wrong because
he counted the marks in the number
vline, not the amount of parts
between marks.”

“He understood what a whole number
means as a fraction because he could
transform it.”

“First he wrote down the fractions based
on the picture. Then he modified it
to a mixed number. He could explain
why these had the same denominators
when I asked and then compared the
numerators to be able to mark them
in the number line.”

“How many parts should I divide this
according to the task description? Yes,
three.” (Draws lines to fraction pie)

“What is the numerator here? And
denominator?”’

“How would you say this fraction? One
over two, yes. And how about this?
Two over four, yes. And what do you
notice? Exactly! They are the same
size.”

“How is it going?”

“Here you could have marked the answer
of each phase.”

“Just do the way you did in the previous
task.”

“Then mark number one here and then
three on the top and five under the
line.”

“Here you draw two lines. Then you get
quarters. And then colour two of it and
you get two over four, that is half.”

“There is more than in here, right?”

“Is the answer one over three? Is it three
over three? Is it two over three? Yes,
mark that.”

When a student points out that 4/8 is bigger
than 2/4 because of the bigger
denominator, the teacher tells that they
are equal and continues to the next task
without explaining why they are equal.

When a teacher guides a student to ignore
the denominator that is the same for all
fractions in the task and fill the number
line like it includes natural numbers.
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(continued)

Analysis Indicators Examples

gaze shifted to material, and the ending
point of material AOI when teacher’s
gaze shifted to student AOI or other AOI.

Student TOI was built by two events: the starting
point of student AOI when teacher’s
gaze shifted to a student’s face, and the
ending point of student AOI when
teacher’s gaze shifted to material AOI
or other AOL

Other TOI was built by two events: the starting
point of other AOI when teacher’s gaze
shifted to any area other than the material
or student, and the ending point of other
AOI when teacher’s gaze shifted to
student AOI or material AOL

Shared attention Sequences of gaze shifting from the material
to a student’s face and back to the
material.
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