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Abstract 

While the system for texture perception on the dermis has been well researched, less is 

known about texture perception in the oral cavity. Building on our prior experiment comparing 

roughness sensitivity in the tongue and finger, we sought to compare edge and point sensitivity 

of the same tissues using a letter identification task. It was hypothesized that the tongue will have 

greater ability to detect edges and points, as the ability to evaluate objects within the oral cavity 

in the absence of visual cues plays a vital role in chewing and swallowing. Small (1.5 – 8mm), 

plastic alphabet letters of various sizes were bound to tongue depressors. During the experiment, 

thirty subjects assessed a letter stimulus using either the fingertip or the anterior tongue, and 

responded with the identity of the letter they perceive. The ladder method was utilized to 

calculate a recognition threshold, which indicated which surface had a greater ability to detect 

edges and points. The average recognition threshold for the fingers and tongue were determined 

to be 3.98 ± 0.84 mm and 4.54 ± 1.41 mm, respectively, which indicated that panelists could 

identify the letters at a smaller size with their fingers than with their tongue. Binomial statistics 

determined that a significant number of people (18) were more accurate with their fingers than 

with their tongues (p= 0.049). While the results contradict our hypothesis, we believe this is in 

part due to the stimuli used. Results from this study and from future comparative tactile 

sensitivity studies, will help to build a better picture of the mechanisms of texture perception of 

oral tissues. This knowledge will provide insight into how texture perception may influence food 

preferences.  

 

Introduction 

This experiment sought to address the gap in the knowledge about systems of texture 

perception in the oral cavity and compare this new information to preexisting knowledge about 

dermal texture perception. Structures, transduction mechanisms, and knowledge about 

comparative sensitivity do not exist for most textures on most oral surfaces. Few comparative 

evaluations between the oral cavity and the epidermis have been conducted. Our previous work 

compared fine surface roughness perception on the anterior tongue and the fingertips. This new 

study sought to build off of findings from that previous experiment by addressing a different type 

of texture on the same surfaces. Here we compared edge and point sensitivity of the anterior 

tongue to the fingertip by utilizing a simple stereognostic letter identification task. Additionally, 



we sought to establish a recognition threshold for edge-and-point sensitivity on both surfaces, 

which allowed us to determine which surface shows greater sensitivity and discrimination 

ability. The use this task to determine lingual tactile acuity has been used in previous studies but 

without comparison using the fingers1,2. 

The stereognostic evaluation of objects within the oral cavity occurs in the absence of visual cues 

and plays a vital role in both chewing and swallowing. Based on the oral cavity’s independence 

from visual cues (a dominant part of texture sensation in the fingers), we hypothesized that the 

tongue would show greater edge and point sensitivity and tactile acuity than the fingers3,4,5. 

Additionally, results from our previous study indicated that the tongue has significantly higher 

fine surface roughness acuity. This result also furthered our hypothesis that the tongue would 

also be better at this task. Results from this study, combined with data from future comparative 

tactile sensitivity studies using other stimuli and oral surfaces, help to build a better picture of the 

mechanisms of texture perception of oral tissues. This knowledge can, in turn, provide insight 

into how texture perception may influence food preferences.  

 

Methods 

Small, plastic alphabet letters of various sizes were 3D printed in thermoplastic 

polycarbonate acrylonitrile butadiene styrene (PC-ABS) and onto 1 cm × 1 cm × 2 mm tiles in 

wherein the letter was raised from the center of the tile 0.8 mm.  The tiles were bound to tongue 

depressors using adhesive dots (Therm O Web, Wheeling, IL). Letter sizes ranges from 1.5-8.0 

mm, increasing in ½-1mm increments. Only the letters A, I, J, L, T, U and W were used but the 

panelist believed the entire alphabet could be presented. The letters were 3D printed in Arial 

font, except for letter “I” which was printed in Times New Roman due to the absence of serifs in 

Arial font. Thirty subjects between the ages of 18-30 were recruited to participate in the study. 

To avoid potential confounds, individuals who were smokers, had noticeable surface 

deformations, or calluses on the tongue or fingertip were excluded from the study. Individuals 

whose primary language was not English were excluded to reduce cognitive differences between 

panelists. Each panelist was tested separately during a single, one-hour session and paid $20 for 

their participation. Panelists wore parafilm-covered goggles to prevent stimuli recognition based 

on visual information. Surface order and letter sequences were randomized across panelists. 

They were presented one letter stimulus at a time and asked what letter they perceived. Panelists 



were presented with a letter of the middle-size (4mm) first. If the panelist correctly identified the 

letter, they were given the next smaller size in the next round. If they were incorrect, they were 

given the next larger stimulus. This process was repeated until eight reversals were achieved. 

Reversals consisted of a correct response then an incorrect one or vice versa. Reversals also 

included times when the panelist reached the smallest or largest stimuli (Figure 1). The mean of 

the eight reversals was then calculated to find the recognition threshold for both surfaces. 

Binomial statistics (p=1/2, α=0.05) were used to determine if people were significantly more 

accurate with their tongue than with their fingers, confirming whether the tongue or the fingertip 

has a greater ability to detect edges and points. Chi-squared tests, and t tests with Bonferroni 

corrections were both used to evaluate the differences in difficulty between the letters on both 

surfaces. 

 

Figure 1: Completed staircase for the finger (top) and tongue (bottom). Black checks indicate a 

correct response and red crosses indicate an incorrect response. Highlighted boxes denote a 

recorded reversal. The letters written in boxes indicate the subject’s incorrect guess.  

 

Results and Discussion 

In order to analyze the data collected, the recognition threshold was calculated as the 

mean of eight reversals along the ladder. As shown in Figure 2, the average recognition threshold 

for the fingers and tongue were determined to be 3.98 ± 0.84 mm and 4.54 ± 1.41 mm, 



respectively. This indicates that panelists could identify the letters at a smaller size with their 

fingers than with their tongue. Out of the 30 panelists recruited, two of them were excluded from 

the study, due to failure to meet requirements. Binomial statistics determined that a significant 

number of people (18) were more accurate with their fingers than with their tongues (p= 0.049), 

and therefore had a greater ability to detect edges and points (Figure 2). Two of the panelists had 

equal acuity between their fingers and tongue. The difference in ability on the two surfaces was 

greater for those who were better with their finger than those who were better with their tongue. 

However, it was not significantly greater (Figure 3).  

 

Figure 2: Average letter recognition threshold for the finger versus the tongue and number of 

panelists who were better with their tongue (* p<0.05)  

 

These results contradicted the original hypothesis, which may have been due to the fact 

that the mucosal surface of the tongue has lesser ability than the glabrous skin to make contact 

with the letters2. Additionally, the contradiction of the hypothesis may be explained by the 

cognitive functions associated with the identification of alphabet letters.  The percent correct 

varied by letter, however, the difference between the two surfaces was only significant for the 

letters A and L, as calculated by using a Chi-Square goodness of fit test (Figure 4). Additionally, 

the average of each correct response for each letter was calculated for both surfaces (Figure 4). 

By using multiple t tests with a Bonferroni correction, the letters A, I, and U were found to have 

significantly different average sizes between the two surfaces. The results from this study, 



combined with data from future studies, will help to build a better picture of the mechanisms 

underpinning texture perception in oral tissues. This knowledge can, in turn, provide insight into 

how texture perception may influence food preferences. 

Figure 3: Difference Between Panelist’s Recognition Thresholds Based on Surface of Greater 

Acuity 

 

Figure 4: A) Comparison of percent correct for each letter on both surfaces (#p<0.0001, 

^p<0.001) and B) Average correct letter size for each letter on both surfaces (*p<0.007) 

 



Conclusion 

Results of the study contradicted the hypothesis and showed that the finger has a greater 

ability to detect edges and points than the tongue. This could be due to the cognitive component 

of the task and future studies will seek to use stimuli that are not associated with biased cognitive 

processes. A same-difference task could be utilized to lighten the cognitive load of the task. 

While this study compared edge-and-point perception on the finger and tongue, potential future 

studies could make comparisons using different stimuli or different oral tissues. The data 

collected in this study provided further information about the neural structures that are 

responsible for transduction. Further studies are needed to fully understand the 

mechanoreception processes in the oral cavity.  
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