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Abstract 

Background: This study was conducted to investigate the factors contributing to the 

limitations in producing pictorial representations by adventitiously blind students. 

Objective: The aim of this study is to explore and assess the extent of limitations and 

underlying factors contributing to the constraints in generating pictorial representations 

by adventitiously blind students. 

Method: This research employed a qualitative and observational approach, involving a 

single adventitiously blind subject from a special school in Malang, East Java, Indonesia. 

The subject was selected based on predetermined criteria: being an adventitiously blind 

male student in the ninth grade with an average math report score above 80. Data 

collection began with the subject completing a math task followed by a semi-structured 

in-depth interview. All subject activities were audiovisually recorded and subsequently 

analyzed. 

Results: Several limitations were identified in generating pictorial representations by 

adventitiously blind students. 

Conclusion: Adventitiously blind students possess a fundamental ability to build pictorial 

representations of rectangular shapes, but with constraints in accurately measuring line 

lengths, representing angles, and perspective. 

Contribution: There exists an information gap regarding limitations in generating 

pictorial representations by adventitiously blind students. This study aims to address this 

gap and provide insights into such limitations.  

 

Keywords: Limitations, Pictorial representation, adventitiously blind students. 

 

1. INTRODUCTION 

Blind students are those who experience either total or partial vision impairment, 

preventing them from using sight normally to comprehend their surroundings and 

information. A blind student has a visual acuity of 20/200, either with or without 

corrective glasses. A visual acuity of 20/200 means that a blind student can see at a 

distance of 20 feet, whereas a person with normal vision can see at a distance of 200 feet 

(Hallahan et al., 2014). The visual sense is unable to function entirely (total blindness) or 

retains limited functional vision (low vision). Factors contributing to this condition 
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include prenatal (during pregnancy), natal (after birth), and postnatal (developmental) 

factors. Prenatal factors relate to parental health history and abnormalities during 

pregnancy. Natal factors occur during childbirth, where blindness can result from eye or 

optic nerve damage due to trauma during the delivery process and may also be caused by 

the transmission of gonorrhea bacteria from mother to child. Postnatal factors leading to 

blindness during development can arise from eye diseases or injuries caused by accidents 

(Utomo & Muniroh, 2019). Blindness occurring at a specific age is referred to as 

adventitious blindness or late-onset blindness (Hollins, 1989). The age at which blindness 

occurs significantly influences spatial representation perception and attitudes toward 

blindness. There is a distinction in mental visualization between congenitally blind 

students and those who experience blindness at a certain age, referred to as adventitiously 

blind students. Adventitiously blind students have visual experiences of objects in their 

surroundings, which serve as initial modalities for representation. It is supported by 

research indicating that the representation of object forms by congenitally blind students 

is multimodal, while for adventitiously blind students, the representation process is 

constructed from visual information stored in memory. Prior visual experiences provide 

opportunities to create a visual framework, further facilitating improved performance in 

low-complexity object imaging tasks for adventitiously blind students (Toroj & 

Szubielska, 2011). 

A blind student with diminished sensory modalities for vision tends to enhance other 

senses, such as touch, hearing, and smell to compensate for the sensory deficit (Frasnelli 

et al., 2011; Kohanova, 2006; Kupers & Ptito, 2014). The reduction in visual sensory 

acuity enables the brain to access new pathways in an effort to overcome visual 

limitations, known as Neuroplasticity (Silva et al., 2018). Neuroplasticity is the brain's 

ability to reorganize the development of normal tissue. This allows brain regions 

responsible for visual information processing to maintain and even develop their 

functions, even when input originates from non-visual senses (Abboud et al., 2014; 

Maidenbaum et al., 2014). The loss of visual sensory modalities triggers the 

reorganization of normal networks, particularly at the cortical level, thus expanding the 

processing of information received by the senses and making normal networks more 

functional. Consequently, a blind student undergoes cortical changes resulting in 

increased functional capacity (Silva et al., 2018), and is illustrated in Figure 1. 

 

Figure 1. Expansion and Enhancement of Functional Capacity 

Source: Adopted from Silva, P.R., Farias, T., Cascio, F., Santos, L. dos, Vinícius, P., 

Crespo, E., Ayres, C., Ayres, M., Marinho, V., Bastos, V.H., Ribeiro, P., Velasques, B., 

Orsini, M., Fiorelli, R., Freitas, M.R.G. de & Teixeira, S., 2018, ‘Neuroplasticity in 

Visual Impairments’, 10, 111–117 

Figure 1 illustrates different brain areas involved in the context of visual processing in 

sighted students (A), language comprehension and semantic processing (B), and 

Neuroplasticity-related expansion of visual areas in the blind (C) (Silva et al., 2018). This 

phenomenon is underpinned by the concept that the visual information processing areas 

in sighted students contribute to processing stimuli from the remaining senses in the blind 

(Amir Amedi et al., 2003; Cunningham et al., 2011; Poirier et al., 2007; Ptito et al., 2012). 

Moreover, cortical visual areas have also been implicated in processing tactile and 

auditory information (Cohen et al., 1997; Kujala et al., 2005; Sadato et al., 1996; Saville 
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et al., 2015; Striem-Amit et al., 2012). Additionally, after losing visual sensory 

modalities, blind students undergo sensory compensation, a process marked by shifting 

sensory functions (Braun, 2016; Pieniak et al., 2022; Sorokowska & Karwowski, 2017). 

The most notable compensation is observed in touch and hearing (Frasnelli et al., 2011). 

Various studies have demonstrated enhanced tactile and auditory skills in the blind (Fortin 

et al., 2008; Goldreich & Kanics, 2003; Gougoux et al., 2004; Lessard et al., 1998; Röder 

et al., 1999; Tinti et al., 2007). Blind students exhibit heightened tactile sensitivity 

compared to sighted students (Silva et al., 2018) due to the Neuroplasticity process they 

undergo (Radziun et al., 2023). Moreover, they possess heightened touch sensitivity, 

particularly in their fingertips (Kupers & Ptito, 2014). In terms of hearing, blind students 

exhibit superior auditory function and accuracy (Frasnelli et al., 2011; Wong et al., 2011). 

The loss of vision triggers a heightened overall sensory sensitivity (Pieniak et al., 2022). 

Blind students learn and understand objects using these heightened senses. However, the 

process of visualizing images (objects) by a blind student and a sighted student differs. It 

is due to the differing experiences utilized in the process: blind students rely on tactile 

experiences, while sighted students rely on visual experiences (Hallahan & Kauffman, 

1988). The blind engage in repetitive tactile exploration activities until they grasp and 

comprehend the characteristics of the object. According to Lowenfeld, tactile exploration 

can be categorized as synthetic tactile exploration and analytic tactile exploration. 

Synthetic exploration involves small objects and can be done with one or two hands, 

while analytic exploration pertains to larger objects and involves sequentially exploring 

parts of the object. These parts are then mentally reconstructed to describe the whole 

object. The tactile exploration performed by blind learners serves as input information, 

which is subsequently utilized to understand and complete tasks (Lowenfeld, 1971). 

Tactile exploration activities are depicted in Figure 2. 

  

Figure 2. Tactile Exploration Conducted by the Blind 

The function of tactile exploration performed by the blind is used to gather information 

for the purpose of representation. Representation is configuring characters, images, and 

concrete objects used to describe something (DeWindt-King & Goldin, 2003; Goldin, 

1998b, 2002; Monoyiou et al., n.d.). Representation expresses ideas, which are then 

embodied in various ways, such as verbal, written, symbolic, pictorial, diagrammatic, 

graphic, or model-based forms (Goldin, 2002). Representation is divided into two 

systems, namely internal and external representation (Goldin, 1998a; Goldin & 

Shteingold, 2001; Janvier et al., 1993). External representation is the manifestation or 

form of internal representation that can be directly observed through written words, 

graphics, numbers, or algebra. Types of external representation include (1) verbal 

representation, expressed through writing or words; (2) visual representation, consisting 

of images, diagrams, or graphs, along with interrelated activities; (3) symbolic 

representation, composed of equations, operational signs and connections, algebraic 

symbols, and interrelated actions (Goldin & Shteingold, 2001). Visual representation is a 

significant form of representation in the process of learning mathematics. There are three 

types of visual representation, which is a pictorial representation, accurate schematic 

representation, and inaccurate schematic representation (Boonen et al., 2014). A blind 

student possesses a fundamental ability to create pictorial representations at a relatively 

young age and can gain understanding through experience (Eriksson, 2013; Millar, 1975). 

Pictorial representation in the context of blind students refers to using images or visual 

representation to convey information or messages, aiding those with visual impairments 



19 Drawing in the Dark: Limitations in Building Pictorial Representations by Adventitiously Blind 

Students 
 
in understanding the surrounding world. Furthermore, pictorial representation among 

blind people is crucial in aiding their comprehension of mathematical concepts, 

developing visual thinking, and engaging more effectively in mathematical learning 

activities. These pictorial representations can be accessed through Braille letters and 

tactile graphics, for instance, representations of geometric shapes, diagrams, or graphs 

can be created using different surfaces that provide varying heights to form object 

contours that can be touched and understood by blind people. In summary, pictorial 

representation plays a vital role in assisting blind people to comprehend their 

surroundings, particularly in the pedagogical domain of learning mathematics. However, 

several challenges and factors can lead to limitations in generating pictorial 

representations for blind people. And therefore, this article explores the causes of 

limitations in building pictorial representations for blind people. 

 

2. METHOD 

This study was conducted at a special school (called SLB) in Malang, East Java, 

Indonesia. The aim was to describe and explore the limitations that arise when 

adventitiously blind students produce pictorial representations. The method employed in 

this research was qualitative and observational. Qualitative research is characterized by 

its reliance on subjective participant notes rather than quantitative statistics (Creswell, 

2012). Subjects were selected based on predetermined criteria, which were adventitious 

blind students without other disabilities, enrolled in ninth grade, male, as well as have an 

average math report score above 80 out of 100. For this purpose, one adventitiously blind 

student who met the specified criteria was chosen. The subject had experienced total 

blindness since the fourth grade of primary school due to a head injury at the back of the 

head. Since then, the subject gradually experienced a decline in vision until complete 

vision loss. 

Data collection commenced as the subject undertook a 30-minute task involving flat-

plane geometry in mathematics. Subsequently, an in-depth semi-structured interview was 

conducted by the researcher. The mathematics task comprised Braille text accompanied 

by raised graphics. Additionally, the subject was provided with tools to assist in 

formulating responses. The provided aids included bamboo pieces, each measuring 5 – 10 

cm in length and 0.25 cm in diameter. These bamboo pieces were carefully smoothed on 

all sides to ensure safe use by the participant, and their provision was adapted from 

Neumann's study (Neumann, 1971). 

All activities performed by the subject were audiovisually recorded and subsequently 

analyzed. The recording process was conducted with the subject's consent. One week 

later, the subject was assigned another mathematics task and interviewed again. Data 

saturation was achieved by the fourth meeting when the mathematics task was 

administered. The researcher posed questions precisely per the interview guidelines, 

documented key points, and observed changes in the subject's mood and tone. The subject 

was afforded freedom throughout the interview process. The interview concluded upon 

addressing all questions outlined in the interview guide. The maximum duration for an 

interview was 45 minutes, with a minimum duration of 15 minutes. All interview 

recordings were then transcribed and utilized in the analysis process. 

3. RESULTS  

The data of pictorial representation outcomes are derived from the subject's responses and 

interviews. The subject was prompted to explain the raised graphics in the mathematics 

task. The collected data is presented as follows: 
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Figure 3: Mathematics Task Responses 

Meaning: A rectangle has equal width on the top and bottom. It has the same height on 

the right and left. And it has four corners. The following process, after the subject wrote 

down the answer, is the interview, with the following interview results: 

Researcher: What was the shape of the raised image you touched?  

Subject: It was a rectangle, ma'am.  

Researcher: Could you explain the rectangle?  

Subject: Certainly, ma'am. A rectangle has width, which is the upper and lower area 

(accompanied by touching the top and bottom sides of the rectangle image). It has the 

same height as the right and left areas (touching the left and right sides of the rectangle 

image).  

Researcher: Why did you answer like that?  

Subject: Because the raised image was in the shape of a rectangle. It also has width, 

which is the upper and lower area, and the same height, which is the right and left area. 

Oh, and it also has four corners." 

The subject actually explored the raised image presented in the mathematics task and then 

reconstructed it using the tool, resulting in the representation shown in Figure 4. 

 

Figure 4: Pictorial Representation Result of the Rectangular Shape 

Next in the process, after reconstructing the subject, is an interview. The results of the 

interview are as follows: 

Researcher: could you explain the steps of redrawing it? 

Subject: touching the image, remembering, constructing or assembling the tool to make it 

into a rectangular shape, and arranging the corner areas. Making them match each other, 

slowly holding the formed corners to align the right and left sides, top and bottom. After 

that, when it's aligned, slowly release it. 

Researcher: why do you use these steps? 

Subject: from my thoughts, to make it easier. 

Researcher: what difficulties do you encounter in creating the image? 

Subject: when releasing, sometimes the tool sticks to the hand, causing the image to 

change. Researcher: could you explain all the steps to complete the task? 

Subject: reading the task, touching the raised image, writing the answer on paper, 

touching the raised image of the rectangle, touching the tool. Assembling and orienting 

the tool, aligning its sides, and shaping it like a rectangle. Holding the corner areas and 

then slowly releasing them. (With a confident gesture). 

4. DISCUSSION (10 PT) 
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This paper investigated how students with acquired blindness generate pictorial 

representations. An student with acquired blindness possesses an essential ability to create 

pictorial representations at a relatively early age and can acquire understanding through 

experience (Eriksson, 2013; Millar, 1975). Based on these findings, we initiated a study 

on pictorial representation in students with acquired blindness while identifying potential 

limitations. Referring to Figure 3, which shows the subject's mathematical task response, 

the subject wrote: 'rectangle, having equal width on top and bottom. Having equal height 

on the right and left, as well as having four corners.' This response was confirmed twice 

during the interview process, as follows '...a rectangle has width, which is the top and 

bottom area (Touching the sides at the top and bottom of the rectangle). It has equal 

height, which is the right and left area (Touching the sides on the right and left of the 

rectangle)...' and '...the raised image is in the shape of a rectangle. And it has width on the 

top and bottom. It has equal height, which is the right and left area. Oh yes, it also has 

four corners’. Even though incomplete and constrained in linguistics, these subjects' 

answers may presumably result from a lack of visual stimulation for several years prior to 

the onset of blindness. This hypothesis is supported by several studies concluding that 

visual input and stimulus play a crucial role in developing lexical/linguistic and pragmatic 

language aspects. Visual stimulus is also important in forming hypotheses about various 

linguistic system aspects (Andersen et al., 1984). Other studies support our finding that a 

significant lack of visual ability can impact language learning (Graham et al., 2015; Tran 

& Pho, 2020). Language acquisition involves utilizing all five senses, then developing 

four language skills: listening, speaking, reading, and writing (Tran & Pho, 2020). 

Furthermore, variations in the linguistic development of students with acquired blindness 

can stem from diminished experience, differences in linguistic input, and other factors 

(Andersen et al., 1993).  

Further research has revealed that students with acquired blindness require supportive 

interactions to develop oral language, awareness of Braille letters, and opportunities to 

explore writing (Erickson & Hatton, 2007). Despite these limitations, many blind children 

begin to learn the language proficiently. This achievement can be explained by the 

cognitive Neuroplasticity system, wherein children with deficiencies in one modality 

often compensate using other modalities. Nevertheless, there are often differences in how 

language processing is actualized (Andersen et al., 1993). An interesting was found 

during the interview when the subject consistently engaged in slow and repetitive touch 

exploration on each side of the raised image while describing the image. Touch 

exploration by students with acquired blindness serves as an input mechanism and aids in 

analyzing, understanding, and discerning features and shapes of the raised image. This 

phenomenon is supported by the notion that students with acquired blindness rely on their 

sense of touch to comprehend shapes and volumes of objects (Hötting & Röder, 2009). 

This activity represents one of the greatest compensatory mechanisms for the loss of 

visual capability, allowing external input to be obtained through touch exploration and 

hearing. Many studies have examined touch exploration in students with acquired 

blindness. In-depth research has shown that tactile acuity in students with acquired 

blindness is not only superior to that of sighted students (Alary et al., 2009; Fleming et 

al., 2016; Goldreich & Kanics, 2006), but it also allows them to perceive touch more 

rapidly (Ravisankar & Brundha, 2016). However, it is believed that weaknesses still exist 

in the tactile understanding of students with acquired blindness, which may influence the 

perception and interpretation of objects, particularly limitations in recognizing detailed 

aspects of objects not always accessible through touch. 

Furthermore, the blind subject slowly and repeatedly explored the raised image, tactilely 

examined the Braille characters present in the mathematical task, and even tactilely 

counted the number of assistive tools to be used for reconstructing the raised images. This 

phenomenon was confirmed twice during the interview process, as follows "...reading the 

task, touching the raised image, answering/writing the task response on paper, touching 

the raised image of the rectangle, touching the assistive tools. Assembling and orienting 
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the assistive tools, aligning their sides, forming a rectangular shape...". The tactile 

exploration performed by the blind student is subsequently processed by the visual 

cortical area in the brain (Cohen et al., 1997; Kujala et al., 2005; Sadato et al., 1996; 

Saville et al., 2015; Striem-Amit et al., 2012), and is further used to construct a 

representation of an object (A. Amedi et al., 2005; James et al., 2002; Sathian, 2005; 

Woods & Newell, 2004). The pictorial reconstruction is conducted by the blind student 

using assistive tools. The reconstruction process begins by placing each assistive tool 

studently, then connecting their ends to form a rectangle, with the fingers positioned at 

each rectangle corner. 

Subsequently, corrections are made by tactilely assessing each side of the formed 

rectangle to adjust it to the geometric shape of a rectangle. The fingers are then slowly 

lifted from the assembled structure. The outcome of the reconstruction process is a 

somewhat imprecise rectangular shape at its corners (Refer to Figure 4). In the 

illustration, deficiencies in lines that reflect difficulties experienced by the blind student 

in accurately measuring line lengths are evident. This constraint is presumed to arise due 

to the lack of visual feedback typically experienced by the blind student. 

Furthermore, this representation of a rectangle also demonstrates challenges in accurately 

depicting angles and perspectives. It reflects the difficulties faced by the blind student in 

producing illustrations and perspective in drawings. Generally, this rectangular 

representation illustrates that blind students have limitations in accurately depicting two-

dimensional objects, particularly in line lengths, relationships between elements, angles, 

and perspective representation (Kamel & Landay, 2000). Another corroborating fact 

supporting the findings of this study is that a blind student can explore an object using 

touch, construct a mental representation, and produce a drawing. However, the accuracy 

of the produced drawing relies on the blind student's ability to construct, manipulate, and 

interpret the contents of the formed mental representation (Amir Amedi et al., 2008). 

 

5. RECOMMENDATIONS AND IMPLICATIONS 

This study analyzed the pictorial representation abilities of adventitiously blind students 

and found that they possess a fundamental capacity to generate pictorial representations 

of rectangular shapes; however, they exhibit limitations in accurately measuring line 

lengths, depicting angles, and conveying perspective. As a result of these observations, in 

order to achieve more optimal outcomes and objectives, we recommend that these 

students receive multisensory stimulation, the development of assistive tools, 

reinforcement of tactile skills, richer social interactions, and the creation of specialized 

learning materials to enhance their pictorial representation abilities. 

 

6. LIMITATIONS 

The research was conducted using a qualitative method, hence the research findings 

cannot be generalized. The outcomes generated are highly contingent upon the 

characteristics of the subjects, specific contexts, and situations under investigation, as 

well as being exploratory in nature. 

 

7. CONCLUSION 

Our study demonstrates that adventitiously blind students possess a fundamental ability to 

generate pictorial representations of rectangular shapes, albeit with limitations. Blind 

students rely on their tactile and auditory senses as substitutes for visual input in the 

process of understanding images. However, challenges exist in accurately measuring line 

lengths and accurately representing angles and perspectives. Nevertheless, they are 
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capable of exploring objects through touch, constructing mental representations, and 

producing pictorial representations. The accuracy of these depictions depends on an 

student's ability to translate mental representations into more precise images. The implicit 

implication of our research findings suggests that the pictorial representations produced 

by adventitiously blind students are still incomplete. It is believed to arise from various 

factors, including deficiencies within the cognitive Neuroplasticity system, limitations in 

the tactile and auditory systems, as well as insufficient social interaction experienced by 

blind students. 
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