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Abstract 

The aim of this study is to describe the mathematical thinking process of autistic students in terms of gesture, 
using a qualitative approach. Data collecting is conducted by using 3 (three) audio-visual cameras. During the 
learning process, both teacher and students’ activity are recorded using handy cam and digital camera (full HD 
capacity). Once the data is collected (the recording process is complete), it will be analyzed exploratively until 
data triangulation is carried out. Results of this study describes the process of mathematical thinking in terms of 
a gesture of students with autism in three categories, namely correctly processed, partially processed, and 
contradictory processed. Correctly processed is a series of actions to solve the problems that are processed 
properly marked with a matching gesture, partially processed is a series of actions to resolve problems with 
partially processed properly marked with discrepancy gesture, while contradictory processed is a series of 
actions to solve the problems that are processed incorrectly marked with the dominance of discrepancy gesture. 
Matching gesture demonstrate the suitability of movement or facial expressions when observing, pointing, and 
uncover/calling the object being observed, while the discrepancy gesture indicates a mismatch movements or 
facial expressions when observing, pointing, and uncover/calling the object being observed. 

Keywords: mathematical thinking process, gestures, autistic 

1. Introduction 

Autism Society of America (2014) defines autism as a complex developmental disorder and appears during the 
first three years of life as a result neurologic disorder that affects brain function. These disorders result in 
individuals experiencing limitations in terms of communication, social interaction and behavior. In neurological 
(relating to the nervous system) autistic is defined as an individual with autism has problems with brain 
development, especially in the aspects of language, social and fantasy/imagination (Linden Bridge School, 2014). 
American Psychological Association (2015) defines autism as a developmental disorder that occurs in children 
who are self-closing conditions. These disorders cause children to have limitations in terms of communication, 
social interaction and behavior. Based on this theory, it is in relation to the learning process, students with autism 
can be defined as students who have developmental disorders of communication, social interaction and lack of 
flexibility in thinking and behaving. These characteristics fit the diagnostic criteria Autism Spectrum Disorder 
(ASD), its characteristics can be illustrated as Figure 1. 
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Figure 1. Illustration of autism characteristics (Modification of ASD, 2010) 

 

Figure 1 shows the interconnections between the three characteristics. If the ability of thinking and behavior has 
a problem, then it will potentially affect the other two characteristics (communication and social interaction). 
Vice versa, if the communication does not develop, it will potentially affect the behavior and social interaction. 

Sussman (1999) outlines that in learning process; students with autism are easier to learn (to understand the 
learning material) through visual media, so learning which use instruments as figurative media is become the 
chosen options for the teachers. These instruments may include images, posters, toys (balls, blocks) and others. 
Based on Sussman, the process of mathematic learning for students with autism can be started from the nature of 
concrete, using drawings or concrete objects around the students, such as learning about geometry, teachers can 
start the learning by introducing form of geometry with variety of concrete objects such as dice and cardboard 
the same shape with the shape of a cube. Students are given the opportunity to perform actions such as 
observing/seeing, feeling, and reveal/call geometric shapes on concrete objects that are observed, or students can 
be taught to identify or classify objects according to similarities in character. Action is one of the gestures 
(gesture), as revealed UEFAP (2015) that the gesture is an act which sends visual cues. 

According to Freedman (Shein, 2012), “gesture is a facilitator of verbal expression”. Supporters of this view 
argue that the gesture is intended to achieve a more adequate verbal expression. In addition McNeill (1992) says 
that “the movement of the hand and body movement can be regarded as a gesture”. This was also confirmed by 
Hostetter and Alibali (2004), Gallagher (2005), McNeill (2005), Nunez, (2005), Gibbs (2006), Alibali and 
Nathan, (2007) which says that “person who uses his/her body (ie gestures) to reveal knowledge, thinking, and 
knowledge must be bonded/integrated with the body “. The body parts which visually most expressive are face 
and hands (Kumar, 2009). 

Gesture can serve as a barrier symbol between the expression of words, the attitude towards other actions. 
Gesture explains literally the purpose of mind and reinforces the meaning of the utterance. The functions of 
gesture are described as Table 1 below. 
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Table 1. Function of gesture 

Functions Process Behavior 

Repetition 
Reloading conveyed 

ideas 
The desire to solve/answer the problem by affirming while 

pointing and immediately fulfill the wishes. 

Substitution  
Replacing symbol or 

verbal attribute 

Without saying anything or saying something along with gaze to 
another object, due to misunderstanding/no idea/not interested to 

objects questioned 

Contradiction  

Contradicting verbal 
information by giving 
another meaning using 
nonverbal information 

Agree with the answer/solutions for the problems or have to 
know/understand the problem (can appoint or reveal objects 
precisely), but cannot/do not want to do when asked, showed 

contradictory with the verbal information 

Complementary 
(complement) 

Complementing and 
enrich the nonverbal 

information 

Facial expression shows 
fear/hesitated/bored/saturated/focus/serious without a sound or 

sounding but difficult to be understood 

Accentuation 
Affirming nonverbal 

information 

Nodded his head in approval, or closed his eyes and nodded his 
head as if to understand penjelasa teacher or problems that will 

be done 

Adapted from Turafanany (2012). 

 

Gesture consists of a variety of body movements and verbal symbols which is the process of thought and ideas 
exchange, information submitted may be gestures, facial expressions, eyes gaze, touch, or artifacts/symbols used 
(Kumar, 2009; Turafanany, 2012; Sumarna, 2013). So it can be concluded that the gesture is a nonverbal 
communication (gestures or face expressions) that represent the mind. 

It's important to identify the gesture of students with autism in mathematic learning. This is done as an attempt to 
understand and deepen their thinking processes. Gestures that arise can be seen as a form of manifestation of 
verbal communication difficult they are doing. If the gesture is performed along with a greeting, it can further 
clarify the representation of the mind. This is also reinforced by statements of Yoon (2011) that “the gesture that 
appears accompanied by speech is often regarded as a derivative of the mind”. McNeill (1985) also reveals the 
gesture as an integral part of the speech that contributes to expressing the mind spontaneously. Gesture can be 
regarded as a representation of what he thinks and can serve as accents, which confirms the nonverbal 
information. For example, disinterest on an object can be demonstrated by looking at the other objects. For the 
autistic students, the ability to get a clear idea about what he thinks is often hard to do, unless there is an 
explanation (can be done visually). Students with autism will tend to explore an object in unstructured situations 
(Lord, 2001). Clarke, Goos, and Morony (in Scusa, 2008) says that “the right to develop a visual presentation of 
information about an issue very important to be able to solve the problem”. Students need to practice, but in the 
present and defend their answers need to be given the opportunity to show what they think and how problems 
can be solved. 

Autistic students’ gesture in mathematics learning comes naturally and different between a student and the others. 
This is due to different spectrum among students, as revealed by Lord (2001) that “autism spectrums affect 
various aspects of thinking and learning”. Gesture accompanied by remarks upon completing a math problem 
can arise spontaneously and simultaneously, and according to McNeill (2000) “that accompanied a greeting 
gesture can help shape the mind”. Tots (2015) revealed that “many children with autism are visual thinkers”. 
This statement indicates that students with autism may think or process information by using pictures, and 
thinking processes is termed a visual thinking. Tots (2015) added the visual thinking occurs when students think 
to create illustrations, drawings or play a variety of real objects in the vicinity. This process indicates that 
students with autism need a duration long enough to provide a response, because it is associated with cognitive 
ability or owned motor movement. Therefore, the main topic of the problems in this article is how the process of 
mathematical thinking of students with autism in terms of gesture. This formula corresponds to the objectives to 
be achieved, namely decrypt autistic students’ mathematical thinking process by exploring their motor 
movements (gesture). 

2. Theoretical Framework: Gesture and Mathematical Thinking Processes 

Gesture is natural, and one can know what is conveyed when verbal communication is followed by nonverbal 
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language through body language. Gesture consists of a variety of body movements and verbal symbols which is 
the process of exchange of thought and ideas, information submitted may be gestures, face expressions, eye gaze, 
touch, or artifacts/symbols used (Kumar, 2009; Turafanany, 2012; Sumarna, 2013). So it can be concluded that 
the gesture is a nonverbal communication (gestures or face expressions) that can represent the mind. 

Based on Shein’s (2012) research, there are three (3) types of gesture that is: 

1) Iconic gesture. Gesture is characterized using fingers, stationery, physical objects, places, or people. 
Specifically, McNeill (2000) classifies iconic gesture in reference, artifacts’ and visual representations 
relating to tasks (e.g. spreadsheets, whiteboards or other manipulative material). 

2) Representational Gesture. Gesture illustrates the ideas concrete and abstract, entity, or event that is 
delivered verbally and nonverbally. 

3) Writing gesture. This gesture occurs when movement/gesture leave permanent scars on the new media (e.g. 
worksheets, chalkboard, or visual representations). 

Specifically, the research of Alibali and Nathan (2007) has revealed that the representational gesture contributes 
to learning and help students to learn especially when teachers teach new material, introducing ideas, or respond 
to student questions. Becvar (2008) also found “representational gesture plays an important role in 
communicating the concepts and theories”. Becvar (2008) believes representational gesture as an attempt 
instantiation (embodiment) which is very important to establish a theoretical understanding. 

Representational gesture shows a simulation of the underlying motor and perceptual speech. This gesture helps 
nonverbal expression of ideas. McNeill (1992) interpret the gesture as an iconic representational gesture and 
metaphor gesture. Iconic gesture is closely related to speech, describing what was spoken through hand gestures. 
For example one can describe a physical object using a hand to show how big or small the object. Metaphor 
gesture will build a visual object or appoint an abstract object. The gesture has a relationship of form and 
function relatively transparent and plays an important role in communication. Representational gesture (iconic 
and metaphor) is very important to represent nonverbal information to be placed as verbal information. 

In this review, reprentational gesture explored empirically that discrepancy was found matching gesture and 
discrepancy gesture. Matching gesture is the kind of gesture that marked the suitability movements or face 
expressions when observed, pointing, and uncover/call the object being observed. Discrepancy gesture is the 
kind of gesture that marked the discrepancy movements or face expressions when observed, pointing, and 
uncover/call the object being observed. Framework gesture can be shown as Figure 2 below. 

 

 
Figure 2. Framework of representational gesture (Mustafa, 2015) 

 

In relation to the mathematical learning process Meadow et al. (2009) found “gesture teachers can assist students 
in learning activities”. Gesture can lead students to take and understand the implied meaning of each movement 
of the hand or teacher facial expressions. Meadow et al. (2009) also added that “student gesture which imitated 
teacher during the learning process, are easier for them to understand the lessons than students who did not 
perform the gesture”. Another theory supports the notion that the gesture helps students learn math once 
expressed by Meadow (1999), Alibali and Nathan (2007), Richldan (2007), Flevares (Alibali & Nathan, 2012) 
that “when teachers teach math, students routinely gesture gave rise along with their speech”. The same 
statement also been disclosed Perry (1988) and reinforced by Bieda and Nathan (2009) that “when students talk 
about mathematical concepts, they also regularly raises gesture”. Therefore, teachers’ gesture when the gesture 
contributes to student learning. Students may mimic gesture of teacher, or spontaneously students can also bring 
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3.2 Instrument 

The main instrument in this study are the researchers themselves, because the researchers themselves who collect 
data through recording, or observation/observation (Creswell, 2012). To strengthen the research data required 
support, which is a tool used to collect data about the process of mathematical thinking, among others: (1) The 
audio-visual camera, is used as a tool to record a gesture that appeared during the learning process, and (2) are 
arranged Task Sheet more varied according to the materials that have been studied are familiar form concrete 
objects. 

3.3 Data Collection and Analysis 

Data collected in the form of recorded students’ activity during the learning process, including when students are 
working on the task. Students’ activity observed with its gesture, gesture explored further to describe the process 
of mathematical thinking. The data collected related category students' mathematical thinking processes, namely 
instructional video recording, coding students’ mathematical thinking processes, and chart/structure of students' 
mathematical thinking process. To determine the accuracy of the data, using triangulation data by comparing 
data obtained from a video recording with a data sheet of learning task. 

4. Result and Discussion 

Explanation and data analysis include the description and the structure of thinking from each subject. Analysis 
description structured systematically as follows: 

1) Choosing a collage of video footage representing alleged representative for analysis. 

2) Develop a transcript of the interaction of the teacher and the subject is based on pieces of image points (1). 
Transcripts narrated into “Record Box” which contains conversations of teachers and the subjects in the 
form of speech or gesture (the expression or hand movement). 

3) Analyzing “Recording Box”, i.e. narrative thinking processes that appear based on points (1) and (2). 

4) Make a diagram of the structure of mathematical thinking is based on points (3). 

Each piece of the picture is given “squiggle line” with different colors, and each hinted meaning. A straight line 
with a red arrowhead indicates the subject is being observed, while yellow indicates the teacher is watching. Not 
straight red line shows the subject of sound whiles the yellow teacher sound/uncovering/instructed. Curved lines 
or a red circle indicates the student gesture (hand gestures or face expressions/view), while yellow indicates 
gesture teachers. 

“Box Recording” is written in two different kinds of writing, the writing is printed using italic typeface (font 
italics) shows the interaction is done by issuing voice/speech both teachers and the subject, while writing printed 
with letters upright (not italic) shows interaction is done with motion compensation (hand or face expressions, no 
sound), if there are in the sign posts “(...)”, then tells the movement cues that accompany the interaction. 

At the beginning of the learning process, the teacher introduces geometric shapes such as cubes, blocks, balls, 
and tubes using concrete objects and sees the similarities in the pictures on sheets task that will be done. This 
process is the first step that teachers before students work on the task. If the student has understood the teacher's 
explanation, then the next step the teacher guiding students working on task. 

Next is exposure data and mathematical thinking process analysis based on the results of exploration gesture 
learning through video recordings. Analysis was performed on two students with autism. 
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affected by the instability of mood and the circumstances surrounding it. This is in line with the statement Solso 
(2008) that perception refers to the interpretation of the things seen, heard, felt, or experienced more than 
sensory stimulation. Further sensory events are processed/analyzed according the knowledge of individuals 
about the object observed. Perception by individuals with autism is an interpretation of sensory information that 
allows people aware of the various objects and situations with meaning. Lerner (1981) reinforces this analysis by 
defining perception as the process of organizing raw data is achieved through a variety of senses and 
interpretations of meaning, while the perceptual information is improvement of sensory information. 

In addition to creating the perception, individuals with autism also perform the association scheme by way of 
trying to repeat previous information by observing a variety of pictures or other objects that can represent the 
object being observed. In this way reinforced Powell (2011), which outlines that in mathematics, individual can 
use the scheme to organize the information by using a variety of images or diagrams that can represent the basic 
structure of the type of problems encountered. Association scheme by individuals simultaneously and 
sequentially, indicating the ability of individuals to make abstraction of the mathematical objects encountered, as 
Marshall (2005) reveals that the scheme contains an abstraction. 

5. Findings 

The findings in this study are described as follows: 

1) The strength of autistic student is the focus on visual information and the real objects attractively, so that 
the learning process of mathematics can be meaningful using concrete objects around him. 

2) Autistic students always doing repetition (repeating the idea/notion he has), but strongly influenced by 
mood instability. Repetition fluctuatively (not fixed/changeable though on the same topic). 

Distraction occurs in the form of visual observation as follows: 

1) Individuals experiencing perseveration, i.e. attention too long on one object. If the emerging interest in the 
object observed, then the individual will perceive visually the object is equal to another object. This 
condition is reinforced by Kurtz (2006) that individuals with impaired visual observation will ignore the 
information relative to the problems solved. Individuals experiencing difficulty recognizing, remembering, 
and organize visual images necessary to understand the objects used for learning. Visual perception can be 
considered as a cognitive component that interprets visual stimuli in a simple, because individuals with 
autism tend to understand the problem in accordance what he saw. 

2) Individual’s trouble of making abstraction, which connects knowledge based procedures, language, and 
mathematical symbols formal notation. “\Neurology Disability” owned by individuals with autism cause 
them highly susceptible to distraction on visual perception (interference when observing/see various 
objects/objects in relation to the set or group, resulting in discrimination of shapes and symbols). 

3) Individuals difficulties to hold on a single event, if it can be controlled, the individual is still able to follow 
the routine, but if it cannot be controlled then it will trigger the emergence of incoherence, namely in the 
form of speech disorders. 

6. Conclusion 

6.1 Mathematical Thinking Process of Autistic Student Who Partially Processed When Identifying Problems with 
Representational Gesture 

Facial expressions focus to hold objects observation with irregular hand movements move, taking out the words 
that elusive (appears echolalia), then the view slowly turns observing a variety of objects that are interrelated but 
difficult to maintain his observations. This gesture indicates individuals having difficulty selecting or process 
information so that individual processing of sensory information by partially corrects (no object designated but 
not in accordance with the object being observed). This gesture by the individual at the time of making the 
perception. 

1) Furthermore, observed objects without face expressions that have been perceived, but his observations did 
not last long because of his active continuously. If suddenly the idea/notion of the object being observed, 
then the individual immediately respond very quickly move the hand pointing object, calling the identity 
associated with the observed object, but this movement is accompanied by accentuation echolalia. Echolalia 
break the concentration (being the trigger of distraction), so that the identity of the object partially done 
correctly. This gesture by the individual at the time to analyze and determine the identity. Individuals 
experiencing discrepancy gesture. 
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6.2 Mathematical Thinking Process of Autistic Students Who Correctly Processed When Identifying Problems 
with Representational Gesture 

1) Facial expressions do not focus to hold objects observation regularly accompanied by hand gestures to 
move, and then slowly turns the view observed other objects that are interrelated. This gesture indicates the 
individual is selecting or process the information and then process the sensory information corresponding to 
the object pointed observed. This gesture by the individual at the time of making the perception. 

2) Furthermore, students postponed to observe return objects that have been perceived, the hand movements 
are not actively moving/stationary in its position tends to be accompanied face expression focus on 
maintaining a view of the object being observed, and as if he did not want to be transferred to other objects 
in the vicinity. If people believe in the idea of the visual, then the individual immediately respond move 
hand, calling the identity associated with the observed object. Furthermore, the individual hand movements 
create identity by writing and give certain symbols on the object being observed, and these activities tend to 
be done right, for example, individuals can perceive the image dice cube shape with a focus at the picture, 
then analyzed by trying to call and appoint dice picture shape like a cube with hand movements create a 
symbol of identity at the dice image space. This gesture by the individual at the time to analyze and 
determine the identity. 

6.3 Mathematical Thinking Process Autistic Students Who Contradictory Processed When Identify Problems 
Shown in Representational Gesture 

1) Expression was not the focus of the object observed is reinforced with irregular hand movements to move. 
Individuals difficult to defend his views and do over movements to each object being observed. This 
gesture indicates the individual is very difficult to select or process information so that individuals tend to 
process sensory information incorrectly (does not fit with the observed object designated). This gesture by 
the individual at the time of making the perception. 

2) Furthermore, many motor movements produced spontaneously and are not associated with the object being 
observed. If suddenly the idea/notion of the object observed, then the movement of the hand to respond 
very quickly to appoint or hold an object with an irregular utterance of the object. Dominant individuals 
experiencing discrepancies gesture at the time of analysis and establish identity. 
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