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Abstract 

Dot elevation and dot density are two main variables that dominate the recognition and 

conceptualization of tactile embossed graphics by blind individuals. Nevertheless, few studies have 

investigated tactile sensitivity to the elevation (third dimension) of tactile graphics. In a pilot experiment 

we conducted recently using 8 dot elevations of embossed lines and squares, in 20 or 10 dpi, produced by 

a Tiger VP200 braille embosser, we observed that participants can detect only two highs with accuracy 

above 50%. We present here the results of an experimental study with 30 congenitally blind participants 

to investigate the detection accuracy of embossed tactile lines and squares in four selected dot elevations 

among the eight possible dot heights that can be produced by the VP200 embosser. A total of 1,920 

responses were recorded. The detection accuracy and response time of the matching task were examined 

for each type of test stimuli. The results of correct and misclassified stimuli are presented in confusion 

matrixes for the raised-dot lines and squares stimuli. Moreover, the overall mean response time of the 

detection task is provided. We observed that in all cases, only the stimuli with the lower two heights H-1 

and H-3 provide detection accuracy above 70%. 
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Introduction 

Some of the current braille embossers permit a change in height of the dots when 

producing tactile graphics. The usage of embossed tactile graphics implies some benefits on their 

production process as well as on the end user usability. But often embossed graphics lack some 

of the characteristics of tactual readability. For example, embossed tactile graphics: (i) can be 

produced concurrently with the braille text, in the same paper sheet and using one machine, (ii) 

can be combined within a typical braille book, (iii) can mix easily braille text with the graphics 

during the production process, (iv) can be produced promptly in one step and (v) have a much 

lower cost compared to other common techniques like the stereo-copying technique or through 

the vacuum forming technique (thermoforming). On the other hand, embossed graphics often 

lack some of the characteristics of tactual readability, there is little variation in height, point 

symbols are difficult to discern, and the number of textures that can be produced is limited. 

Dot density and dot elevation are two main variables that dominate the recognition and 

conceptualization of tactile embossed graphics by individuals with severe visual impairments 

(Krufka & Barner, 297-311). Guidelines and Standards for Tactile Graphics developed by the 

Braille Authority of North America (BANA/CBA) cover the design principles that must be 

followed in the production software of embossed graphics. Recently a number of software 

applications have been developed to automate the production process (Pather; Gardner, 417-

420). 

While research has shown that dot elevation influences detection and discrimination 

thresholds for tactile stimuli (Heler, 379-389) and that the physiological response of fingertip 

receptors varies with texture, little is known about the influence of these parameters on the 

detection of embossed stimuli with variable dot height and density. In a pilot experiment we 
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conducted (Kouroupetroglou et al. 77-84) using eight dot elevations of embossed lines and 

squares produced by a Tiger VP200 braille embosser in 20 or 10 dpi we observed that 

participants can detect only two highs with accuracy above 50%. Based on the above, we present 

in the current work the results of an experimental study with 30 blind participants to investigate 

the detection accuracy of embossed tactile lines and squares in four only selected dot elevations 

among the eight possible dot heights that can be produced by the Tiger VP200 braille embosser. 

Method 

Thirty congenitally blind volunteers (11 male and 19 female) participated in the 

experiment. Their age ranged from 14 to 55 (mean= 30.87, SD=10.84). All of them learned to 

read and write braille from 5-18 years old and still remain active users of the braille code.  None 

of the participants had any hearing impairment or other disability. 

Two types of stimuli were used in the study: raised-dot lines (with a length of 7 cm) and 

raised-dot squares (2 X 2 cm). All stimuli were produced by a Tiger VP200 braille embosser in 

two densities (10 dpi and 20 dpi) on paper of 160 gr/m2. The Tiger VP200 embosser can produce 

eight elevations of dots, from 0.25mm to 0.53mm (we represent each height as H-1 to H-8, 

starting from the lower elevation). We have selected heights H-1, H-3, H-5 and H-7 for both 

types of stimuli of the experiment. The target set includes the same four types of stimuli in 

multiples of 4 for each height (i.e. in total 16 target stimuli) in a random order.  

Participants were briefed on the objectives of the study and verbal instructions were 

given. During the matching phase, participants were seated in front of a table. Tactile stimuli of 

one type and one density were given to them each time. They were asked to touch and feel one 

test stimulus of a specific height, randomly selected among the four elevations (H1, H3, H5 and 

H7) and then to detect, as fast and accurately as possible, the same 4 from the set of the 16 target 
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stimuli placed on the table. The researcher recorded the matching stimuli and the time spent by 

the participants for the detection. The maximum number of answers was four and the maximum 

allowed detection time was 1 min. Thus, each identification trial ended after the participant 

announced that he has identified the 4 target stimuli (independently if the matching are correct or 

not) or after he/she has used up the maximum identification time. This procedure was repeated 

until all the four tactile stimuli of the same type were tested. The task was repeated two times for 

each type of test stimuli and for each dot density (in total four tasks). 

Results 

A total of 1,920 responses (30 participants X 16 matching stimuli X 2 types of test 

stimuli X 2 densities) were recorded. For each type of test stimuli we examined the detection 

accuracy and response time of the matching task.  

The confusion matrixes for the raised-dot line and square stimuli in both 10 and 20 dpi 

are given in Tables 1-4 respectively, showing percentages of correctly matched (diagonal) and 

misclassified stimuli. The last column in Tables 1-4 provides the percentage of out-of-time (no 

response after the limit of 1 min for each trial) for the heights H-1, H-3, H-5 and H-7 for the 

cases of line and square stimuli respectively. Tables 5 and 6 give the overall mean response time 

(MRT) of the detection task for each height and type of test stimulus respectively, along with 

their standard deviation (SD) and range.  
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Table 1. Matrix of Matching Percentages (%) Between Test Stimuli (rows) and Target Stimuli 

(columns) for the Case of Raised-Dot Lines in 10 dpi  

 H-1 H-3 H-5 H-7 Out-of-time 

H-1 95.0 3.3   1.7 

H-3  91.7 3.3 3.3 1.7 

H-5  25.0 46.7 28.3 0.0 

H-7  24.2 36.7 38.3 0.8 

 

Table 2. Matrix of Matching Percentages (%) Between Test Stimuli (rows) and Target Stimuli 

(columns) for the Case of Raised-Dot Lines in 20 dpi 

 H-1 H-3 H-5 H-7 Out-of-time 

H-1 93.3 5.9     0.8 

H-3  85.0 10.9 3.3 0.8 

H-5   63.3 21.7 13.3 1.7 

H-7   34.1 35.0 29.2 1.7 

 

Table 3. Matrix of Matching Percentages (%) Between Test Stimuli (rows) and Target Stimuli 

(columns) for the Case of Raised-Dot Squares in 10 dpi 

 H-1 H-3 H-5 H-7 Out-of-time 

H-1 96.7 1.7 0.8  0.8 

H-3  81.7 11.7 0.8 5.8 

H-5  20.0 40.8 39.2 0.0 

H-7 0.8 20.0 28.4 50.0 0.8 
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Table 4. Matrix of Matching Percentages (%) Between Test Stimuli (rows) and Target Stimuli 

(columns) for the Case of Raised-Dot Squares in 20 dpi 

 H-1 H-3 H-5 H-7 Out-of-time 

H-1 94.1 4.2   1.7 

H-3  70.8 15.1 10.8 3.3 

H-5  45.8 27.5 25.9 0.8 

H-7  28.3 33.4 38.3 0.0 

 

Table 5. Overall Mean Response Time (MRT) of the Detection Task with its Standard Deviation 

(SD) and Range for the Case of Raised-Dot Lines Stimuli in 10 dpi and 20 dpi   

Height 
10 dpi 
MRT  
sec 

10 dpi 
SD      
sec 

10dpi 
Range 

sec 

20 dpi 
MRT  
sec 

20 dpi 
SD      
sec 

20dpi 
Range 

sec 

H-1 24.5 12.2 10-59 17.4 7.3 8-39 

H-3 32.2 10.8 15-58 31.1 11.6 12-49 

H-5 31.2 13.7 9-59 27.6 9.4 9-53 

H-7 33.5 13.0 11-59 31.6 11.1 12-54 

     

Table 6. Overall Mean Response Time (MRT) of the Detection Task with its Standard Deviation 

(SD) and Range for the Case of Raised-Dot Squares Stimuli in 10 dpi and 20 dpi 

Height 
10 dpi 
MRT  
sec 

10 dpi 
SD      
sec 

10 dpi 
Range 

sec 

20 dpi 
MRT   
sec 

20 dpi 
SD      
sec 

20 dpi 
Range 

sec 

H-1 19.1 8.1 9-37 7.3 12.3 7-60 

H-3 28.9 10.0 13-56 11.6 14.0 12-59 

H-5 32.4 13.4 10-58 9.4 13.0 9-58 

H-7 28.5 13.0 8-59 11.1 12.6 8-52 
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Discussion 

From the results in Tables 1-4 we observed that, in all cases, only the stimuli with the 

lower two heights H-1 and H-3 provide detection accuracy above 70%. The highest detection 

accuracy was obtained with the H-1 elevation and it was above 93% in all instances. H-1 is 

confused only with H-3, except in 10 dpi raised squares where it is also confused with H-5. H-3, 

H-5 and H-7 are perplexed with at least another two elevations, but H-7 in 10 dpi raised squares 

with three. For the H-5 elevation, the detection accuracy for all cases was found in the range 

from 29.2% - 50%. The two lowest values were for H-5 in the case of 20 dpi raised-dot lines 

(21.7%) and 20 dpi raised-dot squares (27.5%). The maximum detection accuracy was found for 

the H-1 (96.7%) in raised-dot squares, followed by H-1 (95.0%) in raised-dot lines, both in 10 

dpi. The minimum detection accuracy was found for the elevation of H-5 in the case of 20 dpi 

raised-dot lines (21.7%), followed by the case of 20 dpi raised-dot squares (27.5%). The order of 

the detection accuracy is H-1, H-3, H-7 and H-5 in every case, except the raised-dot lines in 10 

dpi.  

The overall out-of-time percentage was lower in raised-dot lines compared to raised-dot 

squares. Out-of-time percentage was less than 1.8% in all cases except in H-3 for the raised-dot 

squares in 10 dpi (5.8%) and in 20 dpi (3.3%). Results with not out out-of-time were obtained for 

the H-5 in 10 dpi raised-dot lines and squares and for the H-7 in 20 dpi raised-dot squares. 

The overall mean response time (MRT) was lower in raised-dot squares compared to 

raised-dot lines for both 10 dpi and 20 dpi. The maximum MRT in 10 dpi was found for the H-7 

(33.5 sec) in raised-dot lines, followed by H-5 (32.4 sec) in raised-dot squares. The minimum 

MRT in 20 dpi was found for the case of H-1 (7.3 sec) followed by H-5 (9.4 sec) both in raised-

dot squares. 

Journal on Technology and Persons with Disabilities 
Santiago, J.  (Eds): CSUN Assistive Technology Conference 
© 2017 California State University, Northridge 



   Tactile Detection by Blind People of Embossed Lines and Squares with Selected Dot Elevation 293 

Conclusions 

In our pilot study (Kouroupetroglou et al. 77-84) we observed that using eight dot 

elevations (H-1 to H-8) of embossed lines and squares produced by a Tiger VP200 braille 

embosser in 20 or 10 dpi, the participants who are blind can detect only two heights with an 

accuracy above 50%.  Following that, we conducted in this work an experimental investigation 

with participants who are blind to address the identification of embossed tactile lines and squares 

in two densities (10 and 20 dpi) at four dot elevations (H-1, H-3, H-5 and H-7) selected among 

the eight of our pilot. We observed that in all cases, only the stimuli with the lower two heights 

H-1 and H-3 provide detection accuracy above 70%. In 20 dpi the detection accuracy was found 

as low as 21.7% for the raised-dot lines and 27.5% for the raised-dot squares, both in the case of 

H-5. Concerning the overall mean response time we found that it was lower in raised-dot squares 

compared to raised-dot lines for both 10 dpi and 20 dpi. 

The results indicate that the selected elevations (H-1, H-3, H-5 and H-5) do not constitute 

an appropriate set of heights to be used in embossed tactile graphics in an effective way and thus 

further investigation is required. In order to extract practical implications, such as issues in 

education, as well as to help the designers to choose suitable design parameters for the tactile 

rendition of graphics or maps produced using embossed raised dots our planned activities 

include: a) the extension of the pilot study by including more participants who are blind and b) to 

study another selected set among the eight heights (e.g. H1, H2, H3 and H4)  
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