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Abstract 

Effective design of tactile graphics in education of the blind and visually impaired has long been 

debated by researchers, particularly whether pictorial sources are required. This work demonstrates that 

users of tactile graphics recognize distinctive abstract features (as the authors call them, “basic identity 

tags” or BITs), to differentiate, identify and remember embossed 2D shapes. A series of experiments 

which were conducted in New Delhi, India and Indianapolis, USA have been discussed. Understanding 

BITs can expand strategies for the design of effective tactile graphics.  
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Introduction 

Tactile graphics (TGs) are two-dimensional images raised slightly above a flat surface. 

Although common, tactile translations of pictorial images can be baffling for the BVI because 

pictorial images can contain perceptual artifacts with no basis in tactual or haptic experience. 

One popular guidebook for TGs recommends that TG designers avoid such artifacts, e.g. that 

cubes be presented as squares and not depicted with angled lines (BANA 6-98). This raises 

significant questions about the pedagogical value of pictorial TG design strategies. Bentzen 

states, “students seemed to find them (TGs) difficult and sometimes uninformative” (Schiff and 

Foulke 387). 

Morash and Mckerracher summarize, “tactile graphics can be difficult to interpret for 

both blindfolded-sighted participants and those with visual impairments…” This reinforces 

Berla, who states, “…producers of tangible graphic displays know little of tactual perception” 

leading to poorly designed graphics (Schiff and Foulke 364). Such perceptual difficulty is 

compounded by the fact that information acquisition via vision is global and immediate, while 

acquisition via touch is local and sequential (Moscatelli et al.). The perceptual acuity of touch, 

and thus the ability to interpret tactile pictures, is arguably lower than vision (Schiff and Foulke). 

Other researchers disagree. D’Angiulli, Kennedy and Heller reported that “like the sighted, the 

blind possess cognitive and perceptual abilities that can be employed by pictorial aids.” James et 

al. found that both visual and haptic exploration of three-dimensional objects significantly 

activates the extrastriate visual cortex. Other studies have demonstrated that parts of the visual 

cortex show activity during tactile perception of both 2D and 3D stimuli (Amedi et al.). Also, 

(Chang et al.) suggest that Gestalt principles of proximity, similarity and continuation apply to 

both visual and haptic grouping of elements. Similarly, (Heller et al.) note the ability to segregate 
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figure/ground and the principle of closure apply to tactile perception (Overvliet et al.). Despite 

such visual-haptic neural linkages, the “pictorial debate” remains unresolved. 

Although BVI students can recognize tactile-pictorial images of common objects with 

practice, it may be pointless when such objects (e.g. cup, hammer) are available for direct 

manual experience. Beyond the earliest grades, pictorial TGs of common objects could function 

as metaphors or symbols of more abstract ideas associated with those objects (e.g. a TG of a car 

= the idea of transportation). However, abstract TGs might also fulfill this function, particularly 

to represent ideas that lack obvious pictorial examples or tangible references (e.g. a timeline of 

European history), or that explain intangible phenomena (e.g. photosynthesis). This current 

research addresses the challenge of finding tactual/haptic design principles for abstract TGs that 

students can easily recognize and remember as distinct from, similar to, or the same as other 

TGs. E.g., when designing separate TGs to signify French history and English history, assuming 

that these TGs should be distinct yet similar. Armed with design principles to facilitate 

perception of TG discriminability and/or similarity, researchers can then ask how to design 

abstract TGs to best signify external semantic meanings. 

This work evolves from important findings by Nolan and Morris, which developed three 

sets of abstract, semantically neutral TG elements (categorized as points, lines and areal textures) 

that BVI users easily discriminated in pairwise comparisons. Later work by James and Gill 

enlarged these sets and identified TG characteristics that contribute to discriminability (e.g. 

dotted vs. continuous lines). Rather than replicate that prior work, this current work explores the 

idea of shape, defined here as discrete areas bounded by a continuous contour outline. This work 

then focused on the perceptual-cognitive territory between, on one side, the realm of content-

free, abstract TG elements and, on the other, the realm of content-full pictorial TGs.  
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Experiments 

The first round of experiments was conducted with blind students at the Capt. Chandanlal 

Special School for the Blind, operated by the All-India Confederation of the Blind (AICB) near 

Delhi. A second round of experiments occurred at the Indiana School for the Blind and Visually 

Impaired (ISBVI), in Indianapolis. Researchers came from the Assistech Lab at the Indian 

Institute of Technology-Delhi (IIT-D) and the School of Informatics and Computing (SoIC), at 

IUPUI in Indianapolis. The study received IRB approval from Indiana University. At both test 

sites, all students were very familiar with TGs, and used their own preferred methods to explore 

the test TGs. TGs were designed with continuous lines and manufactured as thermoformed TGs 

from 3D-printed molds by the Assistech Lab IIT-D.  

First Round of Experiments (India)  

Fig. 1: (a) Stimulus Shapes, (b) Cousin shape pairs

It was hypothesized that participants could easily recognize and remember unique target 

shapes (Fig. 1), and also remember the position of each shape in a 4x5-square TG grid, with 

target shapes and matching options presented at the same or different sizes. A set of 7 shapes was 

designed (Fig. 1a). As researchers soon realized, shapes were distinct yet had a “cousin” 

resemblance to at least one other shape, e.g. a similar curve or identical angle (Fig. 1b). All 

shapes were produced in 2 scales: 5cm x 5cm and 25cm x 25cm.  



      Basic Identity Tags (BITs) in Tactile Perception of 2D shape  107

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): CSUN Assistive Technology Conference 
© 2018 California State University, Northridge 

Experiment 1: 7 children (3 female, 4 male) aged 8-9 years (M= 8.25, SD= 0.462) 

participated. Six were congenitally blind and 1 had light perception, with no additional 

disabilities or cognitive impairments. They were given a 4x5 TG grid with target shapes 

randomly positioned within it. Then, bigger TG versions of the shapes were presented one at 

time, and participants were asked to match these with the corresponding small shape in the grid. 

Experiment 2: 7 children (1 female, 6 male) aged 8-10 (M=8.42, SD= 0.786) years 

participated in this experiment. All participants were congenitally blind with no additional 

disabilities or cognitive impairments. Participants were familiarized with the grid. Researchers 

verbally and manually guided participants through the grid, from top left to the right, then on 

lower rows. Participants acknowledged each shape. Participants were given an empty grid and a 

grid-less sheet on which small shapes were presented in random positions, then were asked to 

touch a shape and then touch its respective position on the empty grid.  

Results from Experiment 1 (see Table 1) suggested that participants had difficulty 

discriminating “cousin” shapes (Fig. 1, b). This suggested the idea of “Basic Identity Tags” or 

BITs, defined as a contour passage containing a salient change of vector. Researchers 

hypothesized this recognition may be based on a single salient BIT rather than the entire contour. 

As shown in experiment 2 results, the influence of BITs in remembering shape grid position is 

not clear. 
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Table 1. Number of responses in Experiments 1 and 2. Total responses 49 (7 shapes x 7 

participants) 

Second Round of Experiments (Indianapolis) 

Results in India prompted a clearer focus on BITs for Indianapolis, exploring questions 

such as: Do participants recognize types of shapes according to their BITs? Do they recognize 

sequences of BITs? When comparing TGs of different sizes, does the change in scale affect 

perception of BITs to identify shapes? For this round, three basic BITs were identified: round, 

pointed and square. Stimulus shapes were created by repeating, scaling or combining BITs. 

Shapes in Set A were created using only one type of BIT while those in Set B,C and D were 

created using a combination of two types of BITs. Four sets of test shapes were designed: 1) 

shapes with one type of BIT (Set A); 2) hybrid shapes with a balanced blend of two BITs (Set 

B); 3) hybrid shapes in which one BIT is more prominent that the other (Set C); and 4) the same 

hybrid shapes from Set C, but with the other BIT now more prominent. To test the impact of 

scale in shape discrimination, the shapes were prepared in 4 scales: 1) 3.5cm x 3.5cm; 2) 7cm x  
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7cm; 3) 12 cm x 12cm; and 4) 21cm x 21cm. Eleven students and 1 teacher of ISBVI 

participated in these experiments. The students ranged between 8 – 21 years (M= 14.17, 

SD=3.639) and all were congenitally blind or severely impaired with no additional disabilities or 

cognitive impairments. 

Fig. 2. Stimulus Shapes 

Experiment 1: Participants were asked to touch three plastic bins arranged in a row while 

the experimenter named them as generally rounded, pointed and square-ish. They then sorted a 

series of 60 TG shapes in the bin that best characterized that shape. This experiment used shapes 

from all sets with sets A and B presented in 4 scales, and sets C and D in only scale 1. 

Experiment 2: Researchers presented 12 target shapes from Sets A and B which were 

batched in groups of 4. Shapes were taped near the edge of a table top, and participants 

encountered each shape in a fixed orientation. Participants were told to remember the shapes as 

shape number 1, 2, 3 or 4 for each batch. After a resting time of 15 minutes, participants were 

presented with clusters of 4 potential matching shapes for each numbered target shape, also taped 

down near the table edge. The participants were guided through the clusters sequentially and 

asked to recall the shape and match it with one of the options or say “none of these” if the correct 

match shape was not present. Different combinations of scale and orientations of target/matching 
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shape were used. Four of 12 target shapes were not present among their respective matching 

options, so “none of these” was the correct response in those cases.  

Fig. 3 (a, b, c, & d) show the results of experiment 1. Fig. 3 (a & b) show the distribution 

of categories chosen for each shape from Sets A and B respectively. It is interesting to note that 

despite the fact that the experimenters encouraged participants to use their judgment in sorting, 

the participants innately identified shapes with right angles and vertical or horizontal lines as 

square-ish, though the responses are mixed with pointed (e.g. shapes A2, A5, A6, B3, B4). 

Shapes with oblique lines and acute angles were unanimously categorized as pointed (e.g. A3, 

A4). In hybrid shapes with two types of BITs, most participants generally used one type for 

categorizing (e.g. B1, B2). Shapes with oblique lines and acute angles were unanimously 

categorized as pointed (e.g. A3, A4). Sets C and D were created to see the impact of changing 

emphasis of a BIT in a shape. Fig. 3 (c) and (d) show how by shifting the hybrid blend towards 

one type of BIT, the majority choice of category also shifts (most prominently in B3). The results 

show the mean of category responses given for the 4 tested scales, with no significant difference 

noted between scales. Fig. 4 shows the percentage correct responses in experiment 2. The results 

indicate that generally, participants were able to recognize and match shapes from memory even 

with changes in shape scale and orientation. Salience of scale or orientation is not statistically 

evident in matching performance. A Friedmann test comparing the four groups did not yield a 

statistically significant difference (χ2(3) = 4.920, p = 0.178).  However, the set with both 

different scale and different orientation had lowest performance percentages (mean rank = 1.33). 
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Fig. 3a. Set A - Mean percentage category allocation across all scales. 

Fig. 3b. Set B - Mean percentage category allocation across all scales. 
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Fig. 3c. Change in sorting preference with change in emphasis on one of the two comprising 

BITs. 

Fig. 3d. Change in sorting preference with change in emphasis on one of the two comprising 

BITs. 
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Discussion 

After the first round of experiments in India, researchers hypothesized that students often 

confused the test shapes, and reasoned these shapes were too complex, with too many salient 

vector changes that also appeared in different shapes. This analysis led to the novel idea of the 

“Basic Identity Tag” or BIT: a salient vector change along a shape’s contour perceived as a 

defining characteristic of that shape. This idea was reinforced by researchers’ visual observations 

of the first cohort of students (in India) in their manual explorations of the test TGs. Students 

often verbally identified these shapes (either correctly or incorrectly) after manually focusing on 

a relatively short section of the contour containing a single salient feature (e.g. an acute angle) 

rather than patiently exploring the total contour. For the second round in Indianapolis, 

researchers identified three BIT types: rounded, pointed square-ish, but also speculated that other 

BITs might be developed (e.g. loop, waves, zig-zags), or other salient design features could serve 

as identifying tags, e.g. a point within a larger shape. Further experimentation will be necessary 

to better understand the degrees of vector change that produce tactile/haptic salience, and the 

number of BITs a shape can contain while maintaining a coherent identity – and if there are 

exceptions for well-known shapes, e.g. a symmetrical star. 

This process may be related to the youth of the Indian students, and the possibly age-

related stage of the fine-motor skill needed to recognize smaller-scale TGs. This speculation was 

reinforced by the observation that older students (15-18 years old, available only in Indianapolis) 

seemed quicker and much more confident in their explorations of the test TGs. This suggested 

that combined processes of perceiving, recognizing and remembering TGs comprise a 

cumulative skill that improves with years of practice. 
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Fig. 4. Experiment 2: Sets A & B – Percentage correct response for different types of match sets 

(diff. is used as short for different). 

Conclusion and Future Work 

This initial research demonstrates the need for more extensive investigations along two 

interrelated research directions: 1) the basic perceptual processes by which BVI students 

recognize and remember abstract TGs; and 2) the extent to which abstract TGs can signify 

semantic meaning to enhance pedagogy.  

The first research direction includes questions about various Gestalt design factors, e.g. 

how the proximity, relative size or grouping of several abstract TGs might influence their 

recognition as distinct, similar or the same. The second direction includes questions about how 

TG shapes might distill or echo the tactual/haptic qualities of signified objects to best convey 

their literal, metaphoric or symbolic meaning, e.g. how well a pointed TG might signify a knife, 

the act of cutting, or metaphorically convey the idea of dividing parts of a whole. If non-pictorial 

TGs can be useful in education, such questions of tactile/haptic semantics must be addressed.  
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