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Abstract: Researchers in social semiotics have shown students’” emotions to be associated with their
positioning, an association which contributes to students’ cognitive processes and, therefore, to
their learning. Nevertheless, this association between emotions and positioning, especially with
regard to very young students, has not been extensively investigated with qualitative methods.
The present work considers the positioning—emotions association in the context of third-grade
students using digital technology to study relationships among quadrilaterals. The entire learning
process of eight students, divided into four pairs, was recorded on video; the transcripts were
then analyzed using qualitative and quantitative methods to understand the relationship between
positioning and emotion constructs. A chi-square test was run for the transcribed data to find
the correlations between constructs for positioning and emotions. We found a strong connection
between outsiderness and boredom and between leadership confidence; moderate connections were
found between outsiderness and powerless, help-seeking and confusion, and collaboration and
interestedness. We used the discursive framework for connecting positioning with emotions to
encode the data and triangulate our qualitative and quantitative findings. By these means, we were
able to draw conclusions regarding the role of digital technology in determining students’ positioning
and of the teacher in modifying undesirable positioning and its associated emotions.

Keywords: positioning; emotions; primary schools; relationship; digital technology

1. Introduction

Emotions can have a profound impact on how students learn mathematics. As
Goldin [1] has emphasized, learning mathematics is not a purely cognitive process, and
understanding the influence of the affective domains is a critical part of understanding
students’ learning of mathematics. Goldin [1] notes, moreover, that: “certain patterns or
regularities in emotions and their influence seem to stand out in mathematics education,”
citing as an example the relation of math anxiety to students’ perceptions of their mathe-
matics ability and performance (p. 393). In another example, Pekrun et al. [2] found that
students who enjoyed and took pride in math had better achievements, while students who
experienced anger, anxiety, shame, boredom, or hopelessness had lower achievements.

Students” emotions in the mathematics classroom have attracted researchers’ attention
due to their relationship with other aspects of students’ learning of mathematics, espe-
cially the cognitive aspect (e.g., [3,4]), the psychological aspect (e.g., [5], the social aspect
(e.g., [6,7]) and the affective aspect (e.g., [8]). This interest in emotions has extended to
students’ learning with technology (e.g., [9-11]). Enriching our understanding of emotions
can help us understand how they influence and are influenced by other educational vari-
ables, which could enable us to make better decisions regarding the promotion of students’
success in mathematics.
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The last decade has also seen an increased interest amongst researchers in students’
positioning, or the “fluid parts” that students find themselves “taking up or being assigned
... to play” during social interactions ([12], p. 374). As Evans, Morgan and Tsatsaroni [6]
emphasize, “positioning is not permanent” (p. 210). Rather, the “positions” available in a
given situation are “the various roles that may be adopted, together with their possibilities
for action and relationships with other participants” (ibid). Positions in learning situations
are either claimed by the learners or given to them by the teacher in the context of classroom
norms [13]. A student can take on the position of leader, for example, by proposing a course
of action to fellow students (“I have an idea, let’s do this ... ”) or by taking control of
the mouse when using a digital tool. Alternatively, teachers can attempt to alter positions
adopted by students instinctively—either by assigning students a specific and explicit
role, or more generally, by encouraging a passive student to participate more actively and
collaboratively.

Studies of positions in the learning experience have already shown that how stu-
dents are positioned can influence their emotional state, and consequently their ability to
learn [11,12]. Understanding the particulars of the relationship between positioning and
emotion could therefore benefit mathematics educators, allowing them to more produc-
tively manage students’ emotions by strategically manipulating their positioning. To that
end, the study presented here sought to explore the relationships between the emotions of
elementary school students and their positioning as they learn geometrical concepts via
digital technology.

2. Literature Review
2.1. Positioning and Its Role in Students” Learning

The term “positioning” originates in discursive psychology, which assumes that psy-
chological phenomena are rooted in interpersonal discursive processes and can therefore be
interpreted in terms of features of the discourse. The discursive framework views learning
as participatory, considering each participant’s role in the learning process in terms of their
changing participation in a network of relations within a community [14]. Participation in
this community depends on its participants’ respective skills, and their social positions in
the community [15]. Examining positioning, from a discursive standpoint, means looking
closely at what people are doing with their talk, from what perspective they are speak-
ing [16]. The participants in a discourse are positioned according to the rights and duties
they acquire or that have been imposed on them ([17,18]). Examples of positions in the
classroom are: leader, follower, collaborator, outsider, and insider.

Students’ positioning in learning activities can be assessed in a variety of ways [19].
One approach is the analysis of pronoun use, which can indicate how people align others
and/or themselves. The use of “we” instead of “you” positions the speaker as part of a
group that includes the listener. On the other hand, the use of “he” instead of “you”, when
the referent person is present, indicates that the goal of the speaker is to inform an audience
about the referent person. In this case, the speaker and the audience are part of a group
that is commenting on the referent person.

Several studies of primary school students’ positioning have shown how the power
relations that are produced by positioning can influence learning. For example, Ritchie [20]
used the positioning framework to investigate the dynamics of sixth grade students’ inter-
actions within same-gender and mixed-gender groups during science activities, showing
that opportunities for learning science were denied to two female students because the
two did not negotiate productive story lines within their groups. Tait-McCutcheon and
Loveridge [21] examined how two primary school teachers taught the same mathematics
lesson to their lowest ability group of second and third grade students. They analyzed how
the positioning of the teacher and students, and the developing storylines and social acts
from that positioning, led to inequitable opportunities for active and collaborative partici-
pation in the mathematics lesson. They concluded that the differences in pedagogy suggest
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that the way teachers positioned themselves and their students was more influential than
the resources with which they were teaching.

2.2. Analysing the Relationship between Positioning and Emotions: The Discursive Framework

The goal of this study was to identify the relationship between the emotions and
positioning constructs that may emerge when elementary school students learn geometrical
concepts using digital tools. Because this study was designed to identify emotions and
positioning, and the relationship between them, we framed it using the “the discursive
framework” [22], which is based on social semiotics. Jewitt and Henriksen [23] describe
social semiotic as using linguistic means to study “social relations, power, signification, the
interests of sign makers, the imagined audience, and the social purposes realized by texts”
(p. 146). Specifically, the discursive framework draws connections between the positions
available for students in their learning of mathematics and their emotions during that
learning. Thus, this use of the discursive framework of Morgan et al. [22] is due to our
concern with the relationship between two constructs: positioning and emotions. Using
this specific discursive framework as a theoretical tool made possible a thorough analysis
of the relationship between the students’ positioning and their emotions.

Morgan et al. [22] in their “discursive framework” argue that the positions held by
students within a learning group dictate the emotions they are likely to experience. For
example, being positioned as knowledgeable could result in positive emotions, while being
positioned as ignorant or as a novice could result in negative emotions. In this way, learners’
emotions could be considered as shaped by the power relations that are drawn between
them. The discursive analysis of students” emotions and positioning consists of two phases:
the structural and the textual. In the structural phase, learners’ positionings are analyzed.
Morgan, Evans and Tsatsaroni divide the positions addressed in the structural analysis
into the following binary categories (in each of which the former is more powerful than the
latter): helper and seeker of help, collaborator and solitary worker, director of activity and
follower of directions, evaluator and evaluated, insider and outsider. Though students can
hold multiple, overlapping positions at once, each utterance was coded exclusively, based
on the most dominant position being represented. Thus, for instance, a leader who was a
collaborator in the group was coded a leader, as leadership could be expressed through
collaboration.

The second phase of discursive analysis (the textual analysis) has two functions:
(a) showing how positions in social interactions are actually taken up or claimed by the
participants, and (b) providing indicators of emotional experience. We performed the
second function based on the variety of emotions that have been defined and described by
previous research on the topic of emotion and learning (e.g., [2,24]).

The textual analysis has two stages. In the first stage, the focus is to identify the
interpersonal aspects of the text that establish the positions of the participants. Indicators
at this stage include reference to self and others, reference to valued statuses (e.g., claiming
understanding or correctness), modality (indicating degrees of un/certainty), hidden
agency (e.g., passive voice) or repetition. The second stage of the textual analysis attends
to indicators of emotional experience generally understood /used within the (sub) culture:
direct verbal expression (e.g., “I feel anxious”), use of particular metaphors (e.g., claiming
to be “coasting”), emphasis by words, gesture, intonation, or repetition (indicating strong
feelings), body language (e.g., facial expression or blushing).

2.3. Positions and Emotions in the Presence of Technology

Recently, researchers have become interested in exploring the role of digital technology
in shaping students’ positioning and emotions [25-28]. Daher et al. [25] used qualitative
methods to examine the positionings and emotions related to them of a group of three
15-year-old students discussing, while utilizing technology, the definition of terms associ-
ated with the topic of “the circle”. The research findings indicated that the students used
Dynamic Geometry Software (e.g., GeoGebra) to manage the negative emotions caused by
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feeling powerless due to not being able to agree on the definition of the geometric concepts.
The group members overcame their negative emotions by manipulating the geometric
objects in GeoGebra and thus arriving at agreed definitions of the geometric concepts. Thus,
the technological tool empowered the group members’ positions, changing their negative
emotions to positive ones. Furthermore, the technological tool not only empowered the
group’s position as a whole, but also empowered the positions of members who worked
with it. The present paper differs from the previous paper in two respects. First, Daher
et al. [25] used only qualitative methods, while the present paper uses a combination of
qualitative and quantitative methods. Second, the focus in the previous study was identify-
ing the positioning and emotions that were present and pertinent in a single case (analytical
generalization), while the present study focuses on the significance of the relationships
between positioning and emotion constructs in multiple cases (statistical generalization).

2.4. The Digital Tool Used in the Study and the Task Given to the Students

The digital tool used in this study is the “Exploring Properties of Triangles and Quadri-
laterals” (EPTQ) applet [29]. EPTQ is a dynamic geometry software that provides an
environment in which students can explore and observe the properties of triangles and
quadrilaterals by manipulating the sides, angles, and type (Figure 1a). Thus, EPTQ could
be considered a mindtool, which is a computer application that, when used by learners
to represent what they know as a process to explore what they do not know, necessarily
engages them in critical thinking about the content they are studying [30]. The EPTQ
interface includes three sections: (a) the quadrilateral names section, which includes icons
bearing the names of the different types of quadrilaterals, (b) the quadrilateral properties
section, which includes icons for constructing different quadrilaterals that satisfy the prop-
erty highlighted on the icon, and (c) the exploration section, where the quadrilaterals are
constructed and can be dragged. The EPTQ is an interactive digital tool in which clicking
any icon in the applet will reflect on the other parts of the EPTQ. For example, clicking

the icon in the exploration section will make a kite appear, and highlight all
the icons that satisfy the kite properties in the quadrilateral properties section (Figure 1b).
Students can drag and rotate the shape on the exploration section, and the shape will retain
its geometric properties.

a (Cclear ) :. '. b

Y S X ) 'f‘
| i e
G e
~ kite . ((rhombud¥

Figure 1. (a) EPTQ interface; (b) EPTQ interface when the kite icon is clicked.

Each pair of students was then given a written task, as well as additional verbal
instructions explaining the task before the students started their exploration. The task
asked the students to explore the hierarchical relationship between the quadrilaterals and
explain to one another the possible relationships between the quadrilaterals on the screen.
The written task was composed of four subtasks. The first subtask, which was designed to
familiarize the students with the applet and its capabilities, asked the students to interact
with the applet and to create different geometrical shapes with it. The second subtask
asked the students to create a rectangle and use the applet to manipulate its shape, which
allowed them to observe the invariant features of rectangles as they manipulated them. The
third subtask, which aims at exploring the hierarchical relationship between rectangles and
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parallelograms, asked the students to create rectangles by manipulating parallelograms,
and to observe the common geometrical properties that are kept when they manipulate the
shapes. Like the third subtask, the fourth also asked the students to explore and observe
what properties were maintained as they manipulated different quadrilateral shapes, such
as, parallelogram, rhombus, kite, rectangle, and square. Figure 2 illustrates the second and
the third subtasks that were given to the students.

Construct a rectangle by clicking the " and manipulate it by dragging the
vertices and the sides. You can rotate or stretch the shapes, but they will retain

particular features.

e What is similar about all the figures produced by the dynamic rectangle?

Construct a parallelogram by clicking the aalielogme and manipulate it by

dragging the vertices and the sides. You can rotate or stretch the shapes, but they will

retain particular features.
e What is similar about all the figures produced by the dynamic parallelogram?
e What common characteristics do parallelograms and rectangles share?

e How do rectangles differ from other parallelograms?
Figure 2. The second and third subtasks that were given to the students.

The solution of the task was communicated verbally between each pair of students,
which allowed the researchers to examine their positioning and emotions by observing
their interactions throughout the solution process.

3. Method

The study reported in this paper is a part of a larger research project designed to
explore the relationships between affective and social constructs of elementary students
as they learn geometrical topics with digital tools. In this paper, we focus on four pairs of
students (eight students in total) to report our findings about the relationships between
students’ positioning and their emotions.

Relationships between the different aspects of students’ learning, (e.g., cognitive,
social, affective, and meta), have been studied using different research methods—both
qualitative or quantitative. The qualitative methods, such as the discursive framework,
reflect the efforts of researchers in mathematics education to carry out in-depth analyses of
these relationships during teaching and learning (e.g., [6,13]), while quantitative methods
rely on data from students’ self-reported questionnaires (e.g., [31,32]). Studies that use an
exclusively qualitative approach are limited in their ability to test hypotheses based on
theoretical frameworks, or in their ability to generalize findings beyond the small number of
analyzed cases [33]. Studies that adopt questionnaire-based measures, in contrast, must be
carefully constructed to ensure they are appropriate for student’s age, and even then, very
young children may struggle to provide reliable self-reports. Moreover, questionnaires
do not provide in-depth information about how emotions manifest in a mathematical
learning or performance situation. With these limitations in mind, this study combined
qualitative and quantitative methods to understand the relationship between emotions
and positioning constructs, basing our analysis on data collected from the observation of
live classroom situations, which we first analyzed qualitatively using Morgan et al.’s [22]
discursive framework, and then subjected to additional statistical analysis.

3.1. Participants and Procedure

The present study focused on eight third grade students from a public school in
Israel. The participants, all high achievers in mathematics, volunteered to participate in
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four after-school meetings of approximately 25 min each. The meetings were conducted at
a computer lab at the students’ school, and each was devoted to the completion of one of
the four sub-tasks detailed above. All of the students’ parents signed consent forms and all
of the students were present for all four meetings. The students’ names used in this study
are pseudonyms.

At the time the meetings took place, the participants had already learned the concepts
of square, rectangle, kite, rhombus, parallelogram. These concepts had been taught based
on a textbook available to elementary school students in Israel. They were also familiar
with the relationships between segments, such as perpendicular, parallel, and congruence
of segment, which had been part of their previous study within the framework of the
formal school curriculum.

Each pair of students shared one computer, working with the same partner during all
four meetings. The teacher introduced the students to the applet and showed them how to
work with it. She explained, for example, how to create quadrilaterals and how to drag
and stretch them. The teacher intervened to boost the learning process when it was stuck.
The second author was present as an observer and only provided technical clarifications
when needed.

3.2. Data Collection and Analysis

To collect the data, we video-recorded all of the student pairs in each session, as they
were solving the task, including the computer screens upon which they were working. In
total, we video-recorded 12 clips, documenting the entire learning process. The average
film length is 25 min (mean = 25 min; SD = 4 min) and the total number of learning hours
for all the participants was thus 5 h).

As mentioned above, we applied a mixed method to identify relationships between
emotion and positioning. First, the data was analyzed qualitatively. We began by watching
the videos repeatedly, transcribing the video recording and reading the transcripts to detect
the indicators of emotions and positioning of the students. Next, we wrote descriptions
of each pair’s work. The transcripts and descriptions of all four pairs of students were
used to code the students” emotions and positioning based on the indicators detected
earlier. We examined potential indicators in each utterance first, and later the specific
positions/emotions that emerged from those indicators. The coding process resulted in a
list of emotions and positioning. Table 1 shows positions and their indicators [34].

Table 1. Description of positions.

Position Indicators

- She/he is frequently deferred to (mathematically)

Leader - Sheis often granted authority to decide whether the
mathematical work of the group was correct.
- She/he frequently followed directions by a leader, as
follower directions regarding the accurateness of the mathematical
work performed by her/him.
Solitary worker - She/he went through periods of individual work during
her/his work to define geometric concepts.
Collaborating participants - They worked together, as for example completing an idea
together.
- When the mathematical talk was asymmetrically organized,
“Helper” participant and a participant instructed other participants about what

to do.
- Uncritical uptake of ideas.

Needing-help participant - She/he asked for help from another member of the group
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We described above the indicators of emotions: the use of language explicitly referring
to an emotion (e.g., “happy,” “sad”); the use of a gesture or movement associated with an
emotion (e.g., a hand raised in the air to indicate accomplishment or content); the presence
of a facial expression that suggests an intensity of feeling (e.g., a furrowed brow).

Table 2 shows an example on analyzing positions and emotions. In the present
research, emotions and positioning are those related to mathematics learning. To ensure
the reliability of the qualitative data analysis, we (the paper’s two authors) independently
coded the data, after which we discussed the analytical processes that each of us performed.

Table 2. Coding emotions and positioning in an observation.

Emotion and Indicators

What Was Said Action (Expressed in)

Position and Indicators
(Expressed in)

(Tries to type on the keyboard
and smiles)

Happy Collaborator
Roqa . . (her attempt to type on the
(her facial expression) keyboard)
(Dari, holding the mouse,
quickly grabs Roga’s hand in
order to prevent her from typin
I only want to teach P yping
ot the shapes. Do not on the keyboard) Confident Leader
Dari y ross thispana that (confident to teach the (In her grabbing of Roqa’s
};Ne only need the ’ shapes, as she asserts that  hand, in her controlling the
sq};are they only need the square) mouse)
. Interested
Roqa Yeah, Yeah, here. (She points at the shapes on the (In her pointing at the Collaboratqr .
screen) (In her agreeing with Dari)
shapes)
. . . . (Dari points at parallelogram, Confident Leader
Dari f}}:ilss’af:i;;};f;\:li;réd kite, rhombus, rectangle and (in her assertion of what (in her giving of
’ square). they need) instructions to Roqa)
. Angry .
gt puinghertands (O
8 between her legs) &
(Dari smiles as she moves her
head towards Roqa, while Roqa
purses her lips) Evaluator
. Ha (in her question to Roqa,
. Guess why the shapes . - appy . designed to evaluate her
Dari lichted (in her smile while moving knowledge regarding the
& ’ her head towards Roqa) e reg 5

relationship between the
shapes.)
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Table 2. Cont.

What Was Said Action Emotion and Inc'llcators Position and Inc?lcators
(Expressed in) (Expressed in)
[Puts her hands between her legs
again. Her eyes become smaller
and brows go up]
(in her ki)?:lr;ﬁelf;iessions Outsider
Roga . ’ (in her lack of verbal
small eyes and lifted
response)
brows)
(Dari looks at Roqa, with raised
h??d) Evaluator
W~ (her question for Roqa,
Dari Has something : Confident designed to evaluate her
changed? (in her raised head) knowledge regarding the
relationship between the
shapes)

Our unit of analysis was the students” utterances. We defined an utterance as any
instance of uninterrupted speech or action on the part of the students. Thus, the students’
utterances begin when they begin their speech or action and end when another students’
speech or action starts. In total, we collected and analyzed 1986 utterances from four pairs
of elementary students as they performed geometrical tasks with digital tools. Initially, we
coded each utterance, distinguishing them into different types of positioning and emotions
(as shown above). Then we analyzed the data quantitatively to find significant correlation
between emotion and positioning constructs. In order to guarantee the trustworthiness of
the research analysis, the agreement between judges was used [35]. Two expert transcribers
separately transcribed 25% of the transcription and identified the categories of positions
and emotions. The agreement between judges was between 0.825 and 0.874 which is
considered a fair value for agreement between judges, as it is considered acceptable when
it is 70% or greater [36].

To determine if there is a significant relationship between a particular emotion and a
particular positioning of the students, we performed a chi square test using SPSS 25.00. To
determine the strength of associations between the identified significant relationships, we
examined the correlation between the significant relationships using phi level of association,
based on Rea and Parker [37] ’s recommended conventions. Below we summarize the phi
level ([33] p. 203): negligible association (0.00 and under 0.10), weak association (0.10 and
under 0.20), moderate association (0.20 and under 0.40), relatively strong association (0.40
and under 0.60), strong association (0.60 and under 0.80), and very strong association (0.80
to 1.00).

4. Results

The constructs that emerged from the qualitative analysis regarding students’ position-
ing were: leader, evaluator, collaborator, seeking help, and outsider. At the same time, the
constructs that emerged regarding students’ emotions were: powerless, bored, confused,
angry, interested, happy and confident. Table 3 shows the phi values of the magnitude of
association between the variables from the positioning aspect and the variables from the
emotions aspect.
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Table 3. Phi effect size values of the magnitude of associations between the variables from the
positioning aspect and the variables from the emotions aspect.

Powerless  Bored Confused  Angry Interested Happy  Confident

Leader —0.10 *** —0.06 0.07 ** 0.07 * 0.08 ** 0.06 * 0.52 ***
Evaluator —0.01 —0.01 0.06 * 0.10 ** —0.02 —0.01 —0.04
Collaborator 0.04 —0.05 0.15 *** 0.01 0.28 *** 0.02 —0.00

Help 0.27 *** 0,10 ** 0.31 ** 0.05 0.09 ** —0.03 —0.12 ***
seeker
Outsider 0.31 *** 0.77 *** —0.01 0.16 *** 0.07 * —0.03 —0.06

*p <0.05,* p < 0.01, ** p <0.001.

Table 2 shows a significant and strong relationship between being an outsider and
being bored, and a significant and relatively strong relationship between being a leader and
being confident. At the same time, it also shows a significant and moderate relationship
between the pairs: being a collaborator and being interested, feeling powerless and seeking
help, feeling confused and seeking help, and feeling powerless and being an outsider.

4.1. Leader/Confident Relationship

The example below represents the relationship between the leader/confident con-
structs. Leadership is a positioning construct which is represented by one student taking
action to lead other students. Indicators are: The use of imperative statements (e.g., “Guess
why the shapes lit up”), the use of the first-person pronouns (e.g., “I only want to teach
you”), or bodily actions aimed at having control (e.g., grabbing the mouse). Confidence is
an emotion construct, which we define in this paper as a feeling or consciousness of one’s
powers. Indicators are: repeated use of determining statements (e.g., “I only want to teach
you”; “this is what we need”), bodily actions (e.g., raising one’s head).

A chi-square test of independence showed that the relation between these variables
was significant, x2 (1, N = 1986) = 375.084, p < 0.001. Students with more confidence were
more likely to show leadership than were students with less confidence. Phi value was
0.519, indicating a relatively strong correlation between confidence and leadership.

The episode below illustrates the relationship between leadership and confidence.
In this episode, Dari leads the exploration process by instructing her classmate and then
asking her rhetorical questions.

1 Roqa: (Tries to type on the keyboard)

2 Dari: I only want to teach you the shapes (..2..). (Dari quickly grabs Roqga’s hand
in order to prevent her from typing on the keyboard) Do not press this and that. We only
need the square.

3 Rogqa: Yeah, Yeah, here.

4 Dari: This, this, this, this and this are what we need (Dari points at parallelogram,
kite, rhombus, rectangle and square—(Figure 3a)).

5 Rogqa: Yeah

6 Dari: Guess why the shapes light up. (Dari moves her head towards Roqga, while
Roga puts her lower lip under her upper lip—(Figure 3b))

7 Roqa: Yeah

8 Dari: (Dari clicks on the rectangle icon and looks at Roqa, with raised head—
(Figure 3c)) Has something changed?
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Figure 3. (a) Dari quickly grabs Roqa’s hand in order to prevent her from typing on the keyboard;
(b) Dari moves her head towards Roqa, while Roqa purses her lips; (¢) Dari clicks on the rectangle
icon and looks at Roqa, with raised head.

When Dari and Roqa worked on the task, Dari claimed reflexively the position of
a leader, as shown in the line number of the dialogue (R1-R8). At the beginning (R2),
she led Roqa, telling her which geometric shape to look at. This reflexive positioning as
leader was accompanied by the emotion of confidence, as expressed in Dari’s emphasizing
which shapes the group should focus on. This also happened later (R4), when she led
Roga by pointing at the four quadrilaterals in the interface of the applet. Dari talked with
determination (“[these] are what we need”), which is an expression of her confidence in her
leadership. Dari continued to claim the reflexive position of leading (R6) by asking Roqa
to tell her why the shapes were lit. Here too, this reflexive positioning was accompanied
with the emotion of confidence, as indicated by Dari’s head movement and her use of the
verb “guess” which indicates that Dari already knew why the shapes were highlighted.
Then, as though she thought that Roga did not understand her question, Dari clicked the
“rectangle” icon to change the lighted shapes, then she led Roqa forward (R8) by asking
her “Has anything changed?” Dari asked the question with a raised head, as if showing off
her capabilities, in which she was confident.

4.2. Outsiderness/Boredom Relationship

The following transcript discusses the relationship between the outsiderness/boredom
constructs. Outsiderness is a positioning construct that we identify when a student does
not seem to belong (physically or mentally) to the particular group. Indicators are: Moving
away from the group’s members and looking aside, looking at the classroom ceiling without
reacting to the group discussion, not reacting to a classmate’s requests. Boredom is an
emotion construct, which we define in this paper as a state of disinterest. Indicators are
expressing the feeling directly (e.g., “I am bored”), direct questions about the duration of
class (i.e., “when will the class end?”), bodily actions (e.g., yawning; setting the head on
the desk).

A chi-square test of independence showed that the relation between these variables
was significant, x2 (1, N = 1038) = 619.508, p < 0.001. Students who were outsiders
were more likely to show boredom than students who are insiders. Phi value was 0.766,
indicating a strong relation between outsiderness and boredom.

The following episode illustrates the relationship between outsiderness and boredom.
The teacher sees that Roqga (the student sitting on the left-(Figure 4) is an outsider. She
intervenes to get Roqa back to the collaboration.

69 Teacher: Press on the kite Roqa.

70 Rogqa: On the kite?

71 Dari: The kite under the square

72 Roqga: Where? (Roqa puts her hand in front of her head—(Figure 4a))

73 Teacher: What did I ask, Roga?

74 Roqa: (Roga, bored, holds the mouse and yawns—(Figure 4b))

75 Dari: To draw a square from the kite.

76 Teacher: Move closer to each other and discuss the matter.

77 Dari: (Takes the mouse from Roqa)
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78 Rogqa: (Still yawning, Roqa puts her hand on her eye and leans on Dari’s shoulder—
(Figure 4c))

Figure 4. (a) Roqa (left) puts her hand in front of her head; (b) Roqa, bored, holds the mouse and
yawns; (c) still yawning, Roqga puts her hand on her eye and leans on Dari’s shoulder.

At the beginning of this section, Roga reflexively assumed the position of an outsider
(while Dari was interacting with the computer, Roqa sat at a distance, yawning, rubbing her
eyes), so the teacher tried to position her interactively as an insider by asking her to be more
involved (R69-R72). Despite this interactive positioning by the teacher, Roqa was reluctant
to do so, which made Dari, the other group member, assign her the interactive position
of needing help. Dari performed this interactive positioning by directing Roqa regarding
the place of the geometric shape. Even this direction did not help Roqa to position herself
reflexively as an insider, as represented by her lack of interest in participating in exploring
the geometrical shapes. This lack of interest was indicated by putting her hand in front of
her eyes as if she was looking at the geometrical shape, which was probably done to attempt
to comply with the interactive positioning of the teacher and the other group member
(R72). Roga’s outsiderness made the teacher try to intervene once more to assign her an
interactive position of insider in the group’s learning (R73). Roqa’s reflexive positioning
of outsiderness was accompanied by boredom, as indicated by her yawning and leaning
backward (R74). Roqga did not perform the teacher’s request, which made the teacher ask
Dari to come closer in order to make her claim an interactive positioning of insider (R76).
In spite of these attempts by the teacher and the other participant, Roqa did not collaborate,
meaning she continued to claim the reflexive positioning of an outsider. She did this by
rubbing her eye, expressing her outsiderness and her accompanying boredom with solving
the task (R78).

4.3. Outsiderness/Powerlessness Relationship

Powerlessness is an emotion construct, defined here as the feeling of lacking the
capacity or the resources to act. Indicators are: Verbally expressing one’s inability to do
actions (e.g., “I have no way to do that”, “I did my best, but unfortunately I was not able”),
bodily actions (e.g., opening the arms and putting one lip over the other, leaning backward
and looking up at the ceiling).

A chi-square test of independence showed that the relation between these variables
was significant, x2 (1, N = 1038) = 100.286, p < 0.001. Students with more powerlessness
were more likely to be outsiders than were students with less powerlessness. Phi value
was 0.310, indicating a moderate relation between outsiderness and powerlessness.

The episode that follows illustrates the relationship between outsiderness and pow-
erlessness. The episode starts with an answerable question asked by the teacher: “what
are the common properties of parallelogram?” Afterward, the teacher asks the students a
challenging question that considers the hierarchical relationship between the parallelogram
and the rectangle.

5 Teacher: What are the common properties of the parallelogram and the rectangle?
(..2..) What are the properties of the parallelogram?

6 Ali and Sawe: It has four sides. And every two opposite sides are equal.

7 Teacher: How are the properties of the rectangle derived from the properties of the
parallelogram?
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8 Sawe: You mean what remains the same in both shapes? (Ali turns his head aside
(Figure 5a))

9 Teacher: Yes, which properties remain the same.

10  Ali: (Ali leans backwards while looking aside. Sawe looks at the screen—(Figure 5b)).

11 Sawe: What is your opinion, Ali?

12 Ali: I do not know. (Puts his hand on his face, which expresses powerlessness)

a b c

Figure 5. (a) Ali (left) turns his head aside; (b) Ali leans backwards while looking aside as Sawe looks
at the screen; (c) Ali puts his hand on his face, expressing powerlessness.

At the beginning of the excerpt, when the lesson required remembering past mathe-
matical content and he knew the answer to the question asked by the teacher, Ali claimed
the reflexive position of a collaborator (R5-R6). When the focus of the lesson turned explo-
rative and he did not know the answer to the question (R7), he felt powerless and claimed
the reflexive position of an outsider (R8). Sawe noticed that Ali disengaged, so he encour-
aged him to engage in the explorative activity (R11), i.e., to claim the interactive position
of an insider. However, Sawe’s intervention did not change Ali’s reflexive outsiderness,
as he continued to find the activity difficult (R12). This outsiderness resulted in feeling
powerless, as expressed by Ali putting his hands on his face (R12) and by his articulation
of the sentence “I do not know”, in a quiet voice.

4.4. Seeking Help/Confused Relationship

The following example represents the relationship between the seeking help /confused
constructs. Seeking help is a positioning construct, which we define as one student taking
action to obtain an answer from the teacher or another student, usually more expert.
Indicators are: Verbal expressions such as “I do not know, could you help me?”, “Does
somebody know the answer?” or bodily actions such as looking at a classmate and waiting
to get hints. ‘Confusion’ is an emotion construct, defined in this paper as the state of being
uncertain, or finding something difficult to understand. Indicators are: Expressing the
feeling directly (e.g., “I am completely confused”, “I do not know what to do in this case”),
bodily actions (e.g., squinting; looking repeatedly at other students and at the screen).

A chi-square test of independence showed that the relation between these variables
was significant, x2 (1, N = 1286) = 124.497, p < 0.01. Students who were more confused
were more likely to request help than were students who expressed less confusion. Phi
value was 0.311, indicating a moderate relation between interest and collaboration.

At the beginning of this episode, Dari (sitting on the left in Figure 6) refers to the
lighted icons in the software and asks her classmate to hypothesize as to why all the icons
light up when they press the square icon.

25 Dari: If this reminds you of the square, the square reminds you of what? Rhom-
bus, right? (..3..) Now we look at the parallelogram. Afterwards we play. (Clicks the
parallelogram icon and a parallelogram appears on the screen)

26 Rogqa: (laughs and then inhales. She squints—(Figure 6a)) Parallel? (Looking at
the parallelogram and then at Dari—(Figure 6b)), the shape of a broken door.

27 Dari: (Laughs)

28 Rogqa: (Laughs)
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29 Dari: You mean the door of our classroom? (..2..) I want to ask you. Are its angles
acute? Right? Obtuse?

30 Roqa: (Seems confused and Looks at Dari—(Figure 6¢)) Right (..2..) acute (..2..)
obtuse

Figure 6. (a) Roqa (right) Laughs and then inhales. She squints skeptically at the screen; (b) looking
at the parallelogram and then at Dari; (c) Seems confused and looks at Dari.

Roga claimed the reflexive position of a confused learner during her learning about the
characteristics of the parallelogram (R26-R30). This reflexive position of a confused learner
was expressed in her inhaling and in her skeptical squint (R26). Having the previous
position made her approach Dari, asking for her confirmation regarding what she says
about the parallelogram, looking alternately at the parallelogram and at Dari (R26) and
indicating her need of Dari’s help. Throughout the above excerpt, Roqa kept the reflexive
position of a confused learner who is in need of Dari’s assistance. Being confused, she gave
all the angle options for the characteristics of the parallelogram. The reflexive position of a
confused learner was expressed in Roqa’s facial expressions (puzzled eyes, slightly open
mouth) (R30). This position made her continuously approach Dari for help, by asking her
to either agree with the answers she gave or correct them (R30).

4.5. Collaborator/Interested Relationship

The following transcript discusses the relationship between the collaborator /interested
constructs. Collaborator is a position construct, which we define as working with other
learners to achieve a specific purpose. Indicators are: Verbal expressions (e.g., asking or
answering questions, requesting or agreeing to do actions, agreeing with another member’s
statements), and bodily actions (e.g., looking together at the screen, controlling the mouse,
pointing at the screen while looking at the classmate). ‘Interested” is an emotion construct
occurring when somebody gives his/her attention to something and wants to discover
more about it. Indicators are: Expressing the feeling directly (e.g., “ohhh, this is really
interesting”, “wow, amazing”), asking to drag geometrical objects on the screen to explore
properties, and bodily actions (e.g., opening the eyes and leaning forward towards the
screen).

A chi-square test of independence showed that the relation between these variables
was significant, x2 (1, N = 1286) = 102.171, p < 0.001. Students with more interest were
more likely to show collaboration than were students with less interest. Phi value was
0.276, indicating a moderate relation between interest and collaboration.

The episode that follows illustrates the relationship between collaboration and interest.
At the beginning of the episode, Hitam (the student on the left in Figure 7) and Pilo are
exploring the common properties between a square and a rectangle. Hitam asks Pilo to
give him the computer mouse.

42 Hitam: (Holding the mouse) Give me the mouse, it is my turn to explore
(Figure 7a)

43 Pilo: You can take it!

44 Hitam: (looking with interest at the screen) This is a square (Hitam draws a
square)

45 Pilo: Let’s stretch it upward
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46 Hitam: (leaning forward and dragging the square to create a rectangle) this is a
rectangle (smiles)

47 Pilo: Let’s make a rectangle that is sleeping (a horizontal rectangle)

48 Hitam: (he tries to make the horizontal rectangle, without success

49 Pilo: (Pilo moves toward Hitam) Can you give me the mouse to show you how to
do that? (Hitam hands the mouse to Pilo)

Figure 7. (a) Hitam (left) holding the mouse; (b) Hitam looking with interest at the screen; (c) Hitam
leaning forward; (d) Pilo moving toward Hitam to take the mouse.

Hitam and Pilo claimed the position of collaborators (R42-R49), which is claimed
reflexively and interactively. One indicator of this position in the excerpt above is repre-
sented by asking to do something and by performing the requested action, e.g., one asks
to “give me the mouse” the other says “you can take it”; one asks to “stretch it upward”
while the other drags the figure. Another indicator is the physical interaction between
Hitam and Pilo; Hitam manipulates the mouse while Pilo looks at the screen, and both of
them are occupied with exploring the square’s properties, which indicates their interest
in the exploration (Figure 7b,c). Collaborating with Pilo, Hitam became interested in the
mathematics in which the pair were engaged, i.e., exploring the common properties be-
tween the square and the rectangle. This interest is seen in Hitam dragging the square and
creating a rectangle (R46), and trying to make a horizontal rectangle (R48). The position of
collaborators and the accompanying interest were also realized in Pilo’s movement toward
Hitam to take the mouse and continue the exploration (R49). In addition, Pilo claimed
the position of a collaborator with Hitam, expressing interest in the mathematical topic
during the whole excerpt. The interest was expressed by his attentive gazing at the screen
(Figure 7a—c) and leaning forward with his entire body (Figure 7c,d).

5. Discussion

In this study, we conducted qualitative and quantitative analysis of the relationships
between positioning constructs and emotion constructs amongst pairs of elementary school
students while learning geometry using digital tools. Quantitatively, strong relationships
were found between leadership and confidence and between outsiderness and boredom.
Moderate relationships were found between outsiderness and powerlessness, seeking help
and confusion, and between collaboration and interest. Although some of the results are
not unexpected, the method of confirming the relationships using a mixed method gives a
robust basis for the relationship between positioning and emotions.

The relationship between leadership and confidence was noted by Axelrod [38], who
says that a high level of confidence is essential for effective leadership and enables the
leader to influence his or her collaborators or followers. We witnessed this influence in
the present study by observing the learners who claimed the reflective positions of leaders
of the learning pairs. This reflective position of the leader was facilitated by the confi-
dence in the capability to engage in the geometric activity in which the pair was engaged.
Additionally, based on the qualitative analysis, we found that the leadership-confidence
relationship was two-directional, (i.e., not only that confidence leads to leadership but
also that leadership leads to confidence). This observation adds another dimension to the
relationship between positioning and emotions. Evans et al. [6] emphasizes positioning’s
influence upon emotions without considering emotions’ potential impact on positioning.
They express this influence when describing the structural phase of the discursive analysis:
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“The structural analysis provides us with an overall view of the positions available, the
spaces within which emotion may arise and the roles that expression of emotion may play
within a discourse” (p. 6). Thus, for Evans et al. [6], emotions need to be studied in the
positioning context. We agree with them, but suggest the need to study the other direction,
i.e., positioning in the emotional context.

The significant relationship between the reflective positioning of outsiderness and
the boredom emotion is to be expected, as each of the constructs could lead to the other.
The outsiderness positioning and the boredom emotion could result from the same phe-
nomenon, namely little interest in the content [39]. For example, Roga might have been
disinterested in part of the geometrical topic that the group learned, e.g., the quadrilateral
hierarchical relationships. This lack of interest made her claim a reflective position of
outsider and thus become bored. Alternatively, the other direction could have prevailed,
i.e., the disinterest made her bored, which resulted in her claiming a reflective position of
an outsider to the learning of the group.

Another interpretation for the students’ emotion of boredom could result from what [35]
called qualitative underload and qualitative overload. Qualitative underload is the engage-
ment with simple, repetitive and non-challenging tasks with low mental demands, which
do not require the utilization of the student’s skill. Qualitative overload is the engagement
with highly challenging tasks that make demands of students, such as continuous attention,
which they cannot keep. Fisher [39] reported that the students in his study gave numerous
examples of feeling bored because they had difficulty keeping their attention on topics that
they did not understand and/or found too difficult, and that the appropriateness of tasks
can therefore be a cause of boredom.

As suggested by Fisher’s study, the task given to the students in our study presented
a greater challenge than Roqa could accommodate, which resulted in her outsiderness
and related boredom. Therefore, to avoid boredom and the resulting outsiderness (or vice
versa), we conclude that the design of the task should take into account the qualitative
underload and overload the students might meet. It is likely that less challenging tasks
would have interested her and helped her focus during the process of carrying out those
tasks, as indicated by the interest and cooperation Roqa showed during other parts of the
activity [40]. The present study did not come across cases of underload that resulted in
boredom and outsiderness, perhaps because the tasks were not very easy even for high
achieving participants as in the present study.

The relationship between outsiderness and powerlessness could be explained by
the connection between personal control and interest, as noted by Deci [41], who asserts
that personal control, together with feelings of competence, are major determinants of
intrinsic interest in a task. Here, powerlessness indicates the opposite of personal control,
which is expected to result in disinterest in learning, and thus outsiderness. In the case of
Sawe and Ali, Sawe was the dominant member of the pair, which made Ali feel a lack of
personal control over the learning process, and thus a powerlessness. It seems that this
feeling resulted in his outsiderness. Another possible reason for Ali’s outsiderness and
powerlessness could be the task’s qualitative overload, as mentioned above [39], which
kept him positioned as an outsider.

In the present study we defined confusion as a state of uncertainty, or of finding
something difficult to understand, which points at confusion as an epistemic or knowledge
emotion [38]. According to D’Mello [42], confusion arises when there are inconsistencies
in the information stream, which are accompanied or followed by the need for help to
overcome them. This could be the case in the relationship between seeking help and
confusion demonstrated in Roqa’s behavior. For example, there was inconsistency in
Roga’s knowledge about the parallelogram, as she considered it a broken door. This
inconsistency made her approach Dari, seeking confirmation of why the shape in the screen
is a parallelogram.

“Interest” was defined in this study as an emotion that occurs when students give
their attention to something and want to discover more about it. Our results indicated a
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significant relationship between collaboration and interest. This finding corresponds to
those of previous studies, which found that collaboration could increase students’ interest.
In this context, Foes [43] found that both student-directed and collaborative learning
environments lead to a more engaged and interested student. It is worth noting that Hitam'’s
emotions changed positively as a consequence of the pair’s collaboration during the
learning experiment. Hitam’s familiarity with the geometrical shapes (square and rectangle)
helped him collaborate with Pilo during the interaction. Moreover, the collaboration with
Pilo made Hitam feel in control, he became more interested in discovering the properties
of the geometric shapes.

6. Implications and Limitations

Interactive technology is suggested as means for motivating students’ learning [44]. In
this research, the interactive technological tool could be considered a knowledge construc-
tion mind tool, as it helped the participants explore the mathematical topic. In our case, the
interactive knowledge construction mind tool influenced the participants” positioning and
emotions in different ways and encouraged the emergence of certain positioning/emotion
relationships. This influence came as a result of the potentiality of the knowledge construc-
tion mind tool to enable learning that takes into account “the range of symbolic and visual
forms that enable construction, analysis and refinement of ideas” ([45], p. 9).

The influence of the technological tool came through action with the technological
tool. Manipulating the objects on the screen via the mouse strengthened the leadership of
the student who manipulated the objects. In contrast, not controlling the mouse tended to
foster positions such as outsiderness. This suggests that active involvement in deciding
what goes on in the computer interface may promote positions such as collaborator or
leader, as well as emotions such as interest or confidence. It further suggests that the
exclusive manipulation of the objects on the screen by one student may prompt negative
positions and emotions in the rest. The influence of action with the technological tool
on students” positions and emotions could result from the influence of this action on
students” mathematical worldview, including their view of their “mathematical self” [46].
This view-of-the-self answers the question: What am I in relation to this mathematical
behavior I am producing? ([46], p. 101). Using technology to produce mathematical objects
influences the positions taken up by participants in the group, and the emotions that
accompany the production and the positioning processes. This suggests that teachers must
be aware of these impacts and take into consideration the interaction of the students with
the technological tool, in order to positively affect their positioning and emotions.

Though our study did not focus explicitly on the teacher’s role in determining students’
positioning and emotions, but rather on the analysis of the positioning and emotions as
students work independently in pairs, we nevertheless acknowledge that the teacher
can play a central part in influencing students” academic performance [47], including the
assigning of students’ positioning, and thus also the shaping their emotions. In our case,
the teacher’s interventions and scaffolding focused primarily on changing undesirable
positions within the student pairs. For example, in excerpt 2, the teacher intervened to
encourage Roqa to be an insider and a collaborator. In doing so, the teacher interacted with
the students through scaffolding actions: asking the students to perform specific actions,
encouraging them to answer questions related to the activity, and encouraging them to
collaborate. These interventions help enhance students’ positions, promoting positive
emotions, and avoid negative positions such as outsiderness and their attendant negative
emotions, such as boredom. Further research is required to study whether the teacher’s
interventions moderate the positioning-emotion relationship.

The present research showed that some relationships between positioning and emo-
tions are significant, while others are not. At the same time, it showed that the significant
relationships vary in their strength. Although we analyzed a large number of student
interactions, the focus on a small number of students might be considered one of the
study’s limitations. Moreover, it could be claimed that the results turned to be as one
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might expect, but the robust platform of the mixed method offers a highly valid comment.
Further research of the relationships between positioning and emotions may find this most
pertinent.

The personal characteristics of students were little taken into consideration in the
present research. This little consideration came from the theoretical assumption of positions
as not fixed, so the collaborator position, for example, could be the position of a student in
one activity, but not in a different activity. Moreover, the influence of child’s character or
background would better be studied in a quantitative research that takes care of antecedent
variables. We are aware that the personal characteristics of the students may affect the
nature of their interaction and, as a result, the relationships between their positioning
and emotions. Future research is also required to study the relationships between social
constructs and affective constructs, as the present research addressed these relationships in
the context of high-achieving learners. Specifically, future research is required to determine
how the results of the present research compare to those of students with less confidence
and proficiency in mathematics.

We conclude that more research is needed to deepen our understanding of these
relationships, especially research that combines the two methodologies—the quantitative
and the qualitative—incorporating quantitative research into the in-class study of students’
interaction during the learning process. Quantitative research that takes care of antecedent
variables could contribute to widening the scope of the present research, though not in the
frame of the current discursive emotions framework, where positions are not fixed.

As an epilogue, the present study contributes to previous research that investigated
the characteristics of the world of the learner. It attempts to study the components of this
world. In the “The Hidden Lives of Learners”, Nuthall [48] takes us into the undiscovered
world of the learner. The text explores the three worlds which together shape this world:
the public world of the teacher, the highly influential world of peers, and the student’s own
private world and experiences. Here, the technological tool is also influential in the world
of the learner. What becomes clear is that just because a teacher, a text and a tool are there,
does not mean students are learning. We need to study students’ positions and emotions
and the relationship between them to verify this learning.
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