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Abstract: 

 

 Purpose 

This article aims to find out the association between vision and hearing. 

 

 Methodology 

It is a prospective quantitative case controlled study in which 30 cases (15 low vision & 15 blinds) and 50 age matched 

controls were enrolled. This study is centric to the description and documentation of the ocular as well as audiological 

examination of the visually handicapped subjects of Janta Rehabilitation Training center for the visually handicapped in 

Bhimgarh kheri, Gurgaon, Haryana. Technique of sampling is cluster sampling technique in which many clusters were 

taken i.e. centers for visually handicapped in which 2 clusters were selected on the basis of simple random sampling. Oral 

as well as written consent form was also obtained from the in-charge of the center as well as from the subjects/guardian. 

The data were analyzed using SPSS version 20. 

 

 Results 

Eighty subjects (30 cases & 50 age matched controls) were enrolled in the study. Among the subjects 30 were males and 

50 were females. The median age was a 23 ± 2.75 years ranging between 17 and 33 years. The median height was 1.64 meter. 

BCVA, CS, GDT, DDPT, ITD & ILD were significantly different between controls, low vision and blind subjects (Kruskal 

wallis test, p<0.05). IDPT & DDPT was found significantly different between males and females (Mann whitney test, p<0.05). 

A statistically significant positive correlation was found between GDT & BCVA(r=0.581, n=75, p=0.00), DDPT & BCVA 

(r=0.305, n=75, p=0.008), ITD & BCVA (r=0.388, n=75,p=0.001), ILD & BCVA ( r=0.281, n=75, p=0.014). A statistically 

significant positive correlation between GDT & CS (r=0.602, n=75, p=0.00) , DDPT & CS (r= 0.30, n=75, p=0.009) was found. 

 

 Conclusion 

From the findings from our study, we conclude that in visually impaired subjects as one modality is compromised, they 

rely more on the other modality as their ability of other modality is found to be better. 
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I. INTRODUCTION 

 

Globally, an estimated 36 million people are blind and 

217 million have severe or moderate visual impairment, 

totaling 253 million individuals with visual impairment.1 

Vision and hearing are linked across several domains, 

including communication, mood, functional ability, and 

social engagement.2 Both visual and auditory tasks activate 

shared brain regions, such as the lateral parietal cortex, lateral 

frontal cortex, anterior midline, and anterior insular cortex.3 

 

Visual and auditory perception undeniably share a 

crucial characteristic: the ability to ascertain the speed and 

direction of a moving object.3 This integrated sensory 

information generates a cohesive understanding of the 

object's movement within the environment.3 Furthermore, 

these two systems interact effectively to coordinate and direct 

attention, allowing for precise control over which modality to 

prioritize and influencing subsequent actions.3 

 

Auditory skills are essential for an individual's ability to 

focus on and distinguish between environmental sounds and 
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speech. For those with low vision, it is imperative to develop 

strong listening skills to effectively navigate school 

environments and acquire crucial literacy skills. Listening 

abilities are influenced by several key aspects, including the 

capacity to identify the direction of sounds, accurately recall 

auditory information, recognize variations in voice 

intonation, and maintain an awareness of rhythmic patterns. 

Developing these skills is not just beneficial but necessary for 

success. Auditory temporal processing is a vital skill for 

effective listening. It refers to the ability to perceive sound 

and variations in sound within a short time frame.4This skill 

allows us to detect subtle and rapid changes in sound stimuli. 

Having strong auditory temporal resolution is essential for 

understanding speech in noisy environments, particularly for 

individuals with normal hearing, hearing aid users, those with 

cochlear implants, and those with language disorders. 

Temporal processing is a fundamental ability necessary for 

perceiving both verbal and non-verbal stimuli.5 

 

Individuals who are blind or have low vision must 

develop enhanced abilities, particularly in hearing, which is 

vital for their social development and adaptation from an 

early age.6,7,8,9 During the critical sensorimotor period, 

spanning from birth to around 2 years, it is essential for blind 

children to engage with a rich array of auditory and tactile 

stimuli. This exposure is crucial, as it ensures that their 

hearing and tactile perception develop in tandem, enabling 

key movements such as rolling, crawling, balancing, and 

walking.10 Sufficient auditory stimulation is not just 

beneficial but necessary for the social development of blind 

children and adults. There is a clear imperative for improved 

support in this area. It is essential that auditory sensory 

information is effectively integrated with other sensory 

pathways—this integration fosters practical intelligence, a 

solid understanding of objects, spatial organization, and the 

acquisition of speech.11,12 

 

Numerous studies have clearly established that total 

blindness—defined as the absence of light perception or only 

the perception of light—leads to the enhancement of specific 

auditory spatial skills while deteriorating others.13,14,15,16,17,18 

Most existing research predominantly concentrates on 

echolocation and distance discrimination, primarily involving 

individuals who are completely blind. Moreover, the 

methodologies employed in these studies exhibit 

considerable variation. Our research addresses this gap by 

including both low vision and blind subjects, utilizing 

audiology tests designed to evaluate higher auditory skills. 

Importantly, there is a distinct lack of data on the hearing 

status of visually impaired individuals when assessed through 

tests such as the Gap Detection Test (GDT), Intensity 

Discrimination of Pure Tone (IDPT), Duration 

Discrimination of Pure Tone (DDPT), Inter-Aural Time 

Difference of Pure Tone (ITDPT), and Inter-Aural Level 

Difference of Pure Tone (ILDDPT). We are determined to 

investigate associations with critical factors like age, gender, 

vision, refractive error, color vision, visual field, and contrast 

sensitivity, given that previous studies have revealed 

inconsistent results in these areas. 

 

 

II. METHODOLOGY 

 

This study is centric to the description and 

documentation of the ocular as well as audiological 

examination of the visually handicapped subjects of Janta 

Rehabilitation Training center for the visually handicapped in 

Bhimgarh kheri, Gurgaon, Haryana. This study applies a 

quantitative case-controlled study design. As the study being 

a case controlled study, 30 Cases i.e. visually handicapped 

subjects (Low Vision as well as blind) were enrolled in the 

study and 50 age matched controls were also enrolled in the 

study. Each subject had given the verbal as well as written 

consent for their data to be included anonymously in the study 

through the database. Also written consent was taken from 

their guardian.  Technique of sampling used in this study was 

cluster sampling in which many clusters were taken i.e. 

centers for visually handicapped in which 2 clusters were 

selected on the basis of simple random sampling. The study 

duration was one and a half year i.e. from January 2018 to 

May 2019. 

 

 Inclusion Criteria 

 Visually handicapped subjects (low vision as well as 

blind) 

 Age range 12-35 years 

 Visually impaired subjects with no history of hearing 

disorder 

 

 Exclusion Criteria 

 Subjects having any active ocular pathological conditions 

 Subjects having any active systemic pathological 

conditions 

 Candidates who were not willing to enroll in the study 

 Subjects having multiple disabilities 

 

 Testing Protocol: 

A comprehensive eye examination was performed on all 

subjects. This included recording demographic data such as 

name, age, gender, education, height, and weight of the 

subjects. Height was measured using the "GK FML World's 

measure" inch tape, and weight was measured with a 

weighing machine. A thorough history was collected for each 

participant, covering their ocular history, family history, 

systemic diseases, use of glasses, and any history of trauma. 

Each subject was also asked about any previous ocular 

diagnosis and if they had any accompanying documentation. 

Additionally, they were questioned about their current chief 

ocular complaints. 

 

Visual Acuity was assessed using distance Bailey-Lovie 

chart; designed with constant size progression ratio, each row 

having the same number of letters.19 The chart designed on a 

logarithmic basis and visual acuity designated in terms of 

logarithm of the minimum angle of resolution or Log Mar.19 

Visual acuity was assessed taking the chart at sufficiently 

close distance at which subjects were able to read the letters 

on the chart and later correction factor was applied based on 

the testing distance at which subjects responded. Subjects 

who were not even able to read the chart at the most closest 

distance, were checked for finger count close to face, and if 
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even lesser then checked for perception of light and 

perception of rays with the help of torch light. Distance visual 

acuity was also assessed with multiple pinhole to understand 

the visual prognosis of the subjects.19,20  LVRC near visual 

acuity chart was used at 45 cm for near vision assessment. 

Chart was moved closer to subjects at sufficiently closer 

distance at which they were responding if they were not able 

to read at 45 cm.19, 21 

 

Retinoscopy was performed with the help of Heine 

retinoscope, trial frame & trial lenses. Radical retinoscopy 

was done in case of any opacities in media where retinoscope 

reflex was difficult to get. In this method, retinoscope was 

moved to whatever distance was necessary (i.e. 33, 25, or 20 

c’m) to obtain a retinoscope reflex and later the appropriate 

working distance lens power (i.e. 3.00, 4.00, or 5.00 D) was 

deducted from the finding to get the exact values.19,22 

Subjective refraction was done based on objective findings as 

well as bracketing technique was also used for the same in 

some subjects where objective refraction was not possible. 

Chart was placed at 10 feet distance. In this bracketing 

technique, subjective testing was started with +6.00 D, plano, 

and -6.00 D lenses, with succeeding lens powers being used 

to “bracket” the subject’s refractive end point. Abrupt lens 

changes was made as the subjects were not expected to 

respond to lens change as low as 0.25D or even 0.50D.19 

 

Anterior segment of eye was assessed with the help of 

torch light whereas direct opthalmoscopy was done using 

Heine opthalmoscope for posterior segment evaluation. Color 

Vision was assessed using an Ishihara pseudo-isochromatic 

booklet and was performed under daylight illumination and 

with full optical correction .19, 23 Contrast sensitivity was 

assessed using an application of Contrast sensitivity in Smart 

Optometry. It is an electronic testing which gives straight 

forward interpretation of contrast sensitivity. Test consists of 

48 letters (8 rows & 6 columns). Contrast is usually expressed 

in percentage, and then the ratio is multiplied by 100. Hence 

the maximum contrast is 100%. The contrast of the upper 

letter on the left is 1 and the contrast is dropping to minimum 

(bottom right). Test was performed at 40 cm with full 

correction and the subject was asked to recognize the last 

letter that can be seen on the test. After finding it, subject 

named the letter and touched it on the screen which will be 

the final maximum contrast. For each subject, the luminance 

of the screen was maximum and kept constant. Visual field 

was assessed using the Confrontation technique. This was 

done in 8 half meridians (0, 45, 90, 135, 180, 225, 270, & 315 

degrees) at one meter.19 Low vision trial was done for both 

distance & near. Hand held magnifiers, Stand magnifiers with 

different magnification were used for near trial while 

monocular telescopes, spectacle magnifiers of different 

magnification were used for distance trial. Tints were used 

for trial for glare reduction in some subjects. Lastly, final 

prescription was done based on trial in case of improvement 

of vision. 

 

 

 

 

 

Testing Protocols for Audiology Tests ; 

 

 Instrumentation 

A calibrated two channel diagnostic audiometer, HARP 

INVENTIS with TDH-50 headphones, was used for assessing 

the air conduction thresholds at octave frequencies between 

250 Hz and 8000 Hz. The bone conduction thresholds were 

estimated at octave frequencies between 250 Hz to 4000 Hz 

using Radio ear B-71 bone vibrator coupled to the same 

audiometer. Gap detection test (GDT), Intensity 

Discrimination of Pure Tone (IDPT), Duration 

Discrimination of Pure Tone (DDPT), Interaural Time 

Difference (ITD) and Interaural Level Difference (ILD) were 

carried out using Maximum likelihood procedure toolbox of 

the MATLAB version R2013a platform loaded in the Sony 

vaio laptop. An adequate number of practice trials were given 

to each subjects for all the psychoacoustic tests included in 

the present study. 

 

 Test Environment 

Audiological evaluation and administration of 

psychophysical tests were carried out in sound treated room 

with the ambient noise levels within permissible limits (ANSI 

1991). Audiometric testing was done in double room 

situation. However, psychophysical tests were done in single 

sound treated room situation. 

 

 Gap Detection Test (GDT) 

GDT was assessed using maximum likelihood 

procedure (MLP) toolbox implemented using MATLAB. 

Gap detection threshold was calculated using 750 millisecond 

of Gaussian noise with a gap in center. Here, gap duration 

was varied according to subject performance using MLP. The 

noise used here had 0.5 millisecond cosine ramps at the 

starting and end of the gap. Three alternative forced choice 

method was used where reference stimulus was always a 750 

ms white noise (without gap), whereas the variable stimulus 

consisted of a gap. Participants’s task was to identify the 

noise taken that had gap. A total of 30 trials/block were 

carried out and feedback was given to all subjects participated 

in the study. 

 

 Intensity Discrimination of Pure Tone (IDT) 

Intensity discrimination of pure tone was carried out 

using maximum likelihood procedure (MLP) toolbox 

implemented using MATLAB with a pure tone of 1000Hz of 

250ms in duration. The onset and offset of the tones are gated 

with two 10ms raised cosine ramps. We used two alternative 

forced choice procedures in which two tones (standard and 

variable) were presented one after the other. Participant’s task 

was to identify loudest tone. A total of 30 trials/block were 

carried out and feedback was given to all subjects participated 

in the study. 

 

 Duration Discrimination of Pure Tone (DDPT) 

In duration discrimination using pure tone (1000Hz), we 

measured the minimum difference in duration required to 

perceive the two otherwise identical stimuli, using maximum 

likelihood procedure. The duration of the standard tone was 

250 milliseconds. The duration of the variable tone was 

changed based on response of the participants. We used two 
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alternative forced choice procedures in which the participants 

were asked to indicate which tone was longer in duration. A 

total of 30 trials/block were carried out and feedback was 

given to all subjects participated in the study. 

 

 Interaural Time Difference (ITD) 

Interaural Time Difference was assessed using a pair of 

330 Hz pure tone of 250ms duration. The two tones were 

presented one after the other as leading in one ear and lagging 

in the other ear. We used two alternative forced choice 

procedure where the subjects were supposed to tell whether 

the leading tone of the tone pair comes from left or right ear. 

A feedback was provided after each trial. We measured the 

minimum interaural time difference required for correct 

response using maximum likelihood procedure. A total of 30 

trials/block were carried out and feedback was given to all 

subjects participated in the study. 

 

 Interaural Level Difference (ILD) 

Interaural Level Difference was assessed using a pair of 

250 ms pure tone of 5000Hz. The two tones were presented 

one after the other as louder in one ear compared to other ear. 

We used two alternative forced choice procedure where the 

subjects are suppose to tell whether the louder tone heard is 

in left or right ear. A feedback was provided after each trial. 

We measured the minimum intensity difference required to 

perceive one tone louder compared to the other tone using 

maximum likelihood procedure. A total of 30 trials/block 

were carried out and feedback was given to all subjects 

participated in the study. 

III. STATISTICAL ANALYSIS 

 

All the data was entered on Microsoft Excel and was 

checked thoroughly and thereafter was imported into and 

analyzed using Statistical package for Social sciences (SPSS 

for windows, version 22.0, IBM-SPSS, Chicago, IL, USA). 

Descriptive statistics were presented as median ± Inter 

quartile range. The Kolmogorov-Simonov was used to test for 

normality of data. As the data were not normally distributed, 

the Kruskal Wallis test and Post Hoc Mann Whitney test was 

used to compare means of three groups.  Spearman 

correlation was used to find out correlation between ocular 

parameters and audiological parameters. A significant level 

(p) of less than 0.05 was considered statistically significant. 

 

IV. RESULTS 

 

A total of 80 subjects were included in the study, of 

which 30 cases (15 low vision and 15 blinds) and 50 age 

matched controls were enrolled. Among the subjects 30 were 

males and 50 were females. The median age was 23.002.75 

years, ranging between 17 and 33 years. The median height 

was 1.64 meter. Five of the blind subjects were not co-

operative for the audiological tests although repeatedly tests 

were performed 5 to 6 times. Details of ocular and 

audiological parameters are shown in Table 1. 

 

 

 

 

Table 1: Association Between Vision and Hearing: A Case Controlled Study: Details of Ocular and Audiological Parameters in 

Different Groups 

Groups BCVA CS GDT IDPT DDPT ITD ILD 

Control 

(n=50) 

Constant 0.787±0.30* 2.16±0.50   

*  

-28.63±1.20 

* 

279.83±32.57* 0.30±0.20* 5.48±1.43* 

LV 

(n=15) 

1.32±0.60* 4.13±9.85* 4.12±8.56* -28.83±1.40* 291.49±24.86* 0.30±0.02* Constant 

Blind 

(n=10) 

Constant Constant 2.95±1.84* -28.23±1.90* 307.23±51.15* Constant 5.48±0.18* 

P-Value 0.00# 0.00# 0.00# 0.410# 0.013# 0.005# 0.018# 

Total 

(n=75) 

0.00±1.32* 0.984±0.49* 2.39±1.52* -28.73±1.10* 283.11±33.65* 0.30±0.09* 5.48±0.29* 

BCVA=Best Corrected Visual Acuity; CS=Contrast sensitivity; GDT= Gap Detection Test; IDPT=Intensity Discrimination 

Puretone; DDPT= Duration Discrimination Puretone; ITD=Interaural Time Difference; ILD=Interaural Level Difference 

*Median±IQR 

#Kruskal Wallis test 

 

Best Corrected Visual Acuity, Contrast Sensitivity, Gap 

Detection Test, Duration Discrimination Puretone , Interaural 

Time Difference and Interaural Level Difference was 

significantly different between controls ,low vision and 

blinds subjects (Kruskal Wallis test, p<0.05). 

 

Best Corrected Visual acuity and Contrast sensitivity 

was higher (better) in control  group followed by  low vision 

and blind subjects (post hoc mann whitney test, p=0.00).GDT 

was significantly higher in low vision subjects followed by 

blinds and control group (post hoc mann whitney test, 

conservative p<0.02). DDPT and ITD was higher in blind 

subjects followed by low vision and control group (post hoc 

mann whitney test, conservative p<0.02). ILD was higher in 

low vision subjects followed by blind and control group (post 

hoc mann whitney test, conservative p<0.02). 
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Table 2: Association Between Vision and Hearing: A Case Controlled Study: Details of Post Hoc Mann Whitney Significance 

Values in Different Groups for Different Parameters 

BCVA  Control & LV LV & Blind Control & Blind 

 P value 0.00 0.00 0.00 

 U value 0 0 0 

CS P value 0.00 0.00 0.00 

 U value 16 10 80 

GDT P value 0.00 0.009 0.008 

 U value 20 28 118 

DDPT P value 0.409* 0.034* 0.004 

 U value 322 37 106 

ITD P value 0.038* 0.082* 0.007 

 U value 255 55 130 

ILD P value 0.008 0.077* 0.237* 

 U Value 240 60 200 

BCVA=Best Corrected Visual Acuity; CS=Contrast sensitivity; GDT= Gap Detection Test; IDPT=Intensity Discrimination 

Puretone; DDPT= Duration Discrimination Puretone; ITD=Interaural Time Difference; ILD=Interaural Level Difference, 

LV=Low Vision 

*Not statistically significant 

 

All the audiological tests (GDT, IDPT, DDPT, ITD, 

ILD) and ocular tests (BCVA & Contrast sensitivity) was 

compared between males and females. IDPT & DDPT was 

found significantly different between males and females 

(Mann whitney test, p<0.05). No statistically significant 

difference in GDT, ITD & ILD  was found between males 

and females, although males were found to have higher GDT 

and ILD than females and females were found to have higher 

ITD as compared to males. 

 

Relationship of different audiological tests (GDT, 

IDPT, DDPT, ITD, ILD) with BCVA, Contrast sensitivity 

and age was assessed using Spearman Correlation. Details of 

correlation values between audiological tests & BCVA, 

Contrast sensitivity & age are shown in table 3 .A strong 

positive correlation was found between GDT and BCVA 

which was statistically significant (r=0.581, n=75, p=0.00). 

There was statistically significant moderate positive 

correlation between DDPT and BCVA (r=0.305, n=75, 

p=0.008), ITD and BCVA (r=0.388, n=75, p=0.001), ILD and 

BCVA (r=0.281, n=75, p=0.014).Though not statistically 

significant, a week positive correlation was found between 

IDPT and BCVA (r=0.147, n=75, p=0.208). 

 

Similarly, a statistically significant strong positive 

correlation was found between GDT and Contrast sensitivity 

( r=0.602, n=75, p=0.00); moderate positive correlation 

between DDPT and contrast sensitivity ( r=0.30, n=75, 

p=0.009). And although not being statistically significant, 

IDPT, ITD and ILD was found to have week positive 

correlation with contrast sensitivity. 

 

Similarly, Age was found to have no statistically 

significant correlation with any of the audiological tests 

(GDT, IDPT, DDPT, ITD & ILD) Although GDT & ITD was 

found to have weak positive correlation with age and IDPT, 

DDPT & ILD was found to have negative weak correlation 

with age. 

 

Table 3: Association Between Vision and Hearing: A Case Controlled Study: Details of Spearman Correlation Significance 

Values for Different Parameters 

  GDT IDPT DDPT ITD ILD 

BCVA Corr. Coeff 0.581 0.147 0.305 0.388 0.281 

 P value 0.00 0.208* 0.008 0.001 0.014 

CS Corr. Coeff 0.602 0.170 0.30 0.046 0.088 

 P value 0.00 0.146* 0.009 0.694* 0.452* 

Age Corr. Coeff 0.091 -0.059 -0.163 0.020 -0.174 

 P value 0.438* 0.615* 0.163* 0.867* 0.136* 

BCVA= Best Corrected Visual Acuity; CS= Contrast sensitivity; GDT= Gap Detection Test; IDPT=Intensity Discrimination 

Puretone; DDPT= Duration Discrimination Puretone; ITD=Inter-aural Time Difference; ILD=Inter-aural Level Difference, Corr. 

Coeff= correlation coefficient ( r) 

*Not statistically significant 
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V. DISCUSSION 

 

To the best of our knowledge, there is no previously 

published study for hearing status in normal, visually 

impaired and blind subjects using GDT, IDPT, DDPT, ITD 

& ILD including its association with the parameters such as 

age, gender, vision, refractive error, colour vision, visual field 

and contrast sensitivity in this age group in the Indian 

ethnicity. 

 

The accession of spatial hearing is a basic importance 

for visually impaired children as it comprise a good measure 

of the ability to independently travel or navigate in the 

environment and the predisposition to involve in the social 

interactions with others. 

 

The gap detection tests (temporal resolution) reported in 

our study are comparable to those reported by Mohammad 

khani etal, 2011. They have evaluated gap in noise test 

between the congenitally blind and sighted control group and 

the inclusion age range of subjects they took in their study is 

somehow similar from our study. They have found significant 

difference in the approximate threshold and the percent of 

corrected answers between congenitally blind and sighted 

controls (p<0.05).However they did not find any significant 

difference between males and females in this regard (p>0.05). 

But in our study we performed not only gap detection test, but 

also intensity discrimation, duration discrimination, 

interaural time difference and interaural level difference in 3 

categories of subjects i.e. normal, low vision and blind 

subjects to understand the correlation as well as the difference 

in these categories of subjects. 

 

The current study not only took congenitally blind and 

low vision but also the subjects who acquired  the visual 

deficits in their lifetime. International Tinnitus journal (2017) 

Volume 21 indicates that there is no significant difference in 

GDT & DDPT between congenitally visually impaired and 

normal sighted individuals. Literature also evidences that 

individuals with visual impairment do not have better 

discrimination abilities for puretone audiometric thresholds 

than to sighted individuals. However, the current study results 

indicated that there is a statistically significant difference in 

GDT, DDPT, ITD, ILD in all the 3 groups of subjects 

(conservative p<0.02). Also, there is significant moderate to 

strong correlation between BCVA and GDT, IDPT, ITD, & 

ILD (p<0.05). Contrast sensitivity was found to be 

significantly correlated with only two of the audiological tests 

i.e. GDT & DDPT (p<0.05). There was no significant 

correlation between any of the audiological tests and age. 

However, we also found statistically significant difference 

between males and females in two of the audiological tests 

i.e. IDPT & DDPT (p>0.05). 

 

The visual feedback represents the most important 

stimulant for actions and activities for sighted individuals and 

thus for development of mobility and social skills which is 

compromised in blind or low vision individuals. Thus, 

visually impaired and blind individuals strongly rely and 

depend on auditory markers to code spatial & social 

information. 
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