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Abstract 
	  
Introduction: Understanding the mental state of others is an ability known as Theory 

of Mind (ToM) that is required for successful social interactions. To put oneself in 

someone else’s mental shoes and imagine what they think and what they believe is an 

aptitude that becomes fully developed around 4 years of age. Previous studies testing 

ToM in children indicate that children’s view of how minds work is distinguished 

from the view an adult would have. However, delays in false belief understanding 

have been reported in deaf children, which has encouraged researchers to try to 

elucidate if an auditory deprivation possibly may be the reason to this delay. 

Furthermore, correlations between certain executive functions have been suggested to 

be indispensable for prosperity on false belief tasks. Moreover, language is proposed 

to be a critical factor in the ability to deliberate about other people’s minds.   

 

Objective: This present study aims to investigate the ToM-ability as well as the 

phonological working memory, executive functioning and verbal ability in individuals 

with congenital or early-acquired hearing impairment (N=7), ages 20 to 40 years old, 

and to compare their results with a normal hearing control group (N=20).  

 

Methods: Seven sets of dependable tasks were performed by the participants, 

including the Strange Stories-test first introduced by Happé (1994), measuring the 

ToM-ability. Moreover, phonological and verbal skills were tested as well as 

executive functioning. 

 

Results and conclusions: The results revealed a significant difference between the 

two groups where the control group outperformed the hearing impaired group in 

almost every single item. This indicates that a hearing impairment may consequently 

lead to a poorer ToM and that adequate hearing could play a significant role in 

successfully interacting with other people.  

 

Keywords: Theory of Mind, cognitive skills, hearing impairment. 
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Abbreviations 
	  
ToM   Theory of Mind 

HI   Hearing impairment or hearing impaired 

WM   Working memory 

WMC   Working memory capacity 

EF   Executive function  

dB   Decibel 

HL   Hearing loss 

CSC   Cognitive spare capacity  

RHAMBPHO  Rapid, Automatic Multi-modal binding of Phonology 
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Introduction 
 
Understanding the mental state of others is an ability required for successful social 

interactions. This ability, called Theory of Mind (ToM), is essential in order to live in 

bonded social groups (1) and undergoes a rapid development during the preschool 

years in most of the children (2). A deficiency in ToM may consequently contribute to 

difficulties in everyday life (1). Virtually all children in the age of three fail to 

explicitly comprehend how human’s personal manners are moderated by intentions, 

desires, frame of minds, memories and beliefs (2,3). However, deficiencies in ToM 

have been reported in groups of people with different types of disabilities including 

autism, Multiple Sclerosis (MS) and deafness (1,4-7).  

 

A newly discovered class of neurons, called mirror neurons, were initially found in 

the ventral premotor cortex (area F5) of the macaque monkey (8,9) and these were 

activated when the monkey performed a given action as well as when it observed an 

action similar to the one it had performed itself (10). According to Kohler et al. (11) 

there are also neurons in the monkey premotor cortex that discharge when the monkey 

hears a certain sound related to a specific action. Hence these neurons, called audio-

visual mirror neurons, also located in the area F5 of the macaque monkey, fire 

independently of the monkey observing or performing the action correlated to the 

characteristic sound. With the help of functional magnetic resonance imaging (fMRI), 

researchers have discovered an equivalent of these mirror neurons in humans. These 

neurons of the human brain are centered in Broca’s area, located within the ventral 

premotor cortex. A somatotopically-organized activation of the premotor cortex was 

determined when subjects were observing object related and non-object related 

activities, i.e., different regions of the premotor cortex were activated dependently on 

whether the individual observed hand, foot or mouth actions (12). Gazzola et al. (13) 

studied empathy and the somatotopic auditory mirror system in humans. They 

discovered the activation of an area, more exactly the left hemispheric temporo-

parieto-premotor circuit in humans while performing motor execution and when 

letting the individuals listen to the sound of that performance. This supports the 

assumption of humans possessing an auditory mirror neuron system. Other 

somatotopically activated brain areas were also discovered. These areas were 

activated dependently on what type of action that was observed or performed by the 
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individuals themselves. Moreover, they found that individuals who performed better 

on an empathy scale exhibited a stronger activation in these specific brain areas. This 

provides evidence for a potential association between empathy and the motor mirror 

system.  

 

The mirror neuron system has been suggested to be important for understanding other 

individuals (11,13,14) and is believed to integrate visual, motor and auditory 

stimulation, hence called the trimodal mirror neurons or system (15,16). The 

hypothesis of these modalities working together has encouraged researchers to try to 

shed light on what influence the auditory system has on the mirror neuron system 

(16).  

 

Schick et al. (4) studied ToM capabilities in 176 Deaf children, ages three to eight 

years, that use either oral English or American Sign Language (ASL), with Deaf or 

hearing parents. The researchers intention was to examine if language potentially 

could have a role in ToM development. Schick et al. propose that a critical factor in a 

Deaf child’s ability to deliberate about the mind is language, and their study indicates 

a substantial delay in ToM in Deaf children of hearing parents. Consequently, this 

discovery suggests that insufficiencies in the mirror neuron system development in 

Deafness could possibly underlie deficits in ToM development in Deaf children. 

However, the specific role of language in the development of ToM remains 

ambiguous (4).  

 

A more thorough description of ToM is the ability to impute mental states such as 

feelings, thoughts and beliefs to oneself and to other individuals (7). Nonetheless, 

these beliefs are not simply copies of the world, only representations of it, and to be 

able to register them as representations, one needs to comprehend the beliefs as 

exemplifications of the world, and that they, per se, can be wrong. This has led to the 

acceptance of false belief understanding being a fundamental marker of ToM (17). In 

normally developing children, the attainment of realistic understanding of mind takes 

place at around four years of age (7). However, as mentioned before, a delay in false 

belief understanding has been reported in Deaf children (4,5) and autistic children 

(7,18).  
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Executive functions (EFs) denote a group of mental processes required in situations 

when you have to pay attention and concentrate. They are also essential for being able 

to prevent us from making indiscreet impulsive acts, resisting temptations and 

meeting unexpected challenges. It is believed that these cognitive functions are 

governed from the prefrontal cortex (19). Benson et al. (20) submit that by facilitating 

experiential learning, executive functions, more precise response conflict executive 

function (RC-EF), i.e. withhold impulses, promote the development in ToM. In their 

study they demonstrated that there is a correlation between pre-schoolers’ RC-EF skill 

level and to what degree their false belief performance could improve subsequent to 

RC-EF training.  

 

It is generic that an inadequate ToM is a trait of Autism Spectrum Disorders (ASD) 

(7,21) and the development of language in autism has been revealed to be closely 

associated to ToM as well as other cognitive functions (7). However, as mentioned 

earlier, the ability to understand other minds is fully developed around 4 years of age, 

and it has been postulated that a key role in ToM development for all children at this 

stage may be played by specific comprehension of the structure of complement 

constructions (7). In their investigation about what influence language has on the 

establishment of ToM, Hale and Tager-Flusberg (22) could confirm that by training 

on certain linguistic constructions, viz. sentential complements, leads to increased 

scores on a range of ToM tasks.  

 

Another aspect of the executive functioning that has been demonstrated to contribute 

to the development of ToM is the working-memory capacity (WMC) (23), which 

refers to the ability to maintain and manipulate information over a short period of time 

in order to achieve tasks or reach a goal (24). Slade and Ruffman (25) report that there 

are some uncertainties over whether learning about false belief could be facilitated by 

ameliorations in working memory (WM) in children. However, they contend that a 

certain degree of WM may be indispensable for prosperity on false belief tasks. In 

contrast to what Hale and Tager-Flusberg (22) confirmed, Slade and Ruffman submit 

that it is general language, i.e. both syntax and semantics, which associates and 

contributes to later ToM.  
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Baddeley and Hitch (26) suggested in 1974 that the WM could be distributed in three 

subsystems, one concerning the acoustic and verbal information, namely the 

phonological loop and another visio-spatial component supplying the visual 

correspondent. The third constituent, whom these two other constituents are reliant 

on, is the central executive, which is a central unit controlling the WM. A fourth 

subsystem was later suggested, given the name the episodic buffer. The episodic 

buffer stores information temporary and integrates information from the three other 

subsystems and the long-term memory in order to engender wholeness (27).  

  

There are three executive functions (EF), shifting, inhibition and updating that have 

been proposed as significant (28-30). Shifting, also known as “attention switching”, 

implicates the shift between mental states or tasks e.g. disengage an immaterial 

operation and instead actively concentrate on the succeeding relevant one. Inhibition 

concerns an individual’s ability to intentionally constrain involuntary, dominant or 

predominant responses when necessary. Updating is a function necessary to monitor 

and code information that is of relevance for the task and subsequently revises the 

information being held in working memory. This revision refers to replacing 

information no longer relevant, with more significant, newer information (28).  

Objective	  
	  
The aims were to examine ToM in individuals, ages 20 to 40 years, with congenital or 

early-acquired hearing impairment and to explore possible correlations between ToM 

and executive functions and verbal ability. We tested these abilities in seven hearing 

impaired individuals to see if we could find any correlations between these 

capabilities and their ToM-ability. This was accomplished with the help of totally 

seven tests described in the method section.  

Hypothesis 
 
The hypothesis for this study is that a congenital or early-acquired hearing impairment 

could lead to a deficiency in ToM in adults, i.e. that the development in ToM requires 

adequate auditory processing. Furthermore, another supposition is that the 

development of ToM is correlated to certain executive functions and verbal ability.  
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Question formulation 
	  
Is Theory of Mind and cognition in individuals with hearing impairment, ages 20 to 

40 years, comparable to Theory of Mind and cognition in normal hearing persons?  

Material and Methods  
Ethical considerations  
	  
This study was approved by the Regional Ethical Board (08/11). The participant’s 

names and date of birth was coded in numerical series. Only me, my supervisors 

Claes Möller and Hans Erik Frölander had access to the code key. Data is stored in a 

control server – Audiological Research Centre, University Hospital Örebro. The 

participants were not subjected to any risks and all the tests were implemented at the 

hospital. If the attendants wish to take part of the results, they are permitted to do that.  

Participants 
	  
Seven young adults, three men and four females, with congenital or early-acquired 

hearing impairment between the ages of 20 and 40 years participated in the study. 

They all had a moderate to severe bilateral symmetrical sensory neural hearing loss 

(HL), ranging from 30-70 dB, which implied them wearing a hearing device on both 

ears (see table 1). All participants had Swedish as their first language. The 

participants did not have any additional disability such as syndromes, severe visual 

impairment etc.  

 

The reference population comprised 20 individuals, nine men and eleven females.  

There was no difference in the distribution of gender between the group of hearing 

impaired individuals and the reference groups. 

 

There was no significant difference in mean age between the two groups. However, 

the two groups differed slightly in terms of educational level defined by years of 

schooling, viz. the control group had altogether a higher educational level. 

Educational level did not relate to ToM performance, neither in the group of hearing 

impaired individuals, nor in the control group. 
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Table 1. Audiological data 

 Sex Age PTA4 Degree of HL 

1 Male 28 Right ear 60 dB, left 

ear 60 dB 

Moderate to severe bilateral symmetrical 

sensorineural HL 

2 Female 22 Right ear 36 dB, left 

ear 34 dB 

Moderate bilateral symmetrical 

sensorineural HL 

3 Female 38 Right ear 53 dB, left 

ear 50 dB 

Moderate to severe bilateral symmetrical 

sensorineural HL 

4 Female 22 Right ear 60 dB, left 

ear 63 dB 

Moderate to severe bilateral symmetrical 

sensorineural HL 

5 Male 26 Right ear 43 dB, left 

ear 45 dB 

Moderate bilateral symmetrical 

sensorineural HL 

6 Female 36 Right ear 61 dB, left 

ear 61 dB 

Moderate to severe bilateral sensorineural 

HL 

7 Male 31 Right ear 74 dB, left 
ear 68 dB  
 

Severe bilateral symmetrical sensorineural 

HL 

 

Hearing tests 	  	  
 
Pure tone audiometry was performed at the Audiological Research Centre, University 

Hospital, Örebro by a licensed audiologist, prior to the cognitive and ToM tests. The 

pure tone audiometry included air and bone conduction tests, which were done 

according to the ascending or modified Hughson-Westlake method. Frequencies 

between 0,25 and 8 kHz were tested (31).   

Measures and scoring 

Measure of phonological working memory 
	  
Phonological working memory was evaluated with the Serial Recall of words and 

non-words-test (32). At first, sequences of real words were presented orally. Initially, 

the words were presented in series of three in three sets, and subsequently in series of 

four and five words. The same approach was practised with the non-words. The 

participants were asked to repeat each non-word and each real word sequence 

immediately after the words had been presented. The answers were recorded on an 
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external tape recorder to facilitate later scoring of correctness. Three different criteria 

were taken into consideration when evaluating the accuracy of the participants’ 

repeated words, the percentage of correctly repeated words and non-words out of the 

total amount of words and non-words, respectively, and segmental accuracy; the 

percentage of correct reproduced consonants out of the total number of consonants 

presented in the test and supra-segmental accuracy; the proportion of words 

pronounced with the correct vowel and total number of syllables, e.g. if the individual 

reproduced the vowel and syllable lengths of the word (despite the contingent fact that 

consonants could be incorrectly reproduced) correctly, they earned one point for that 

specific word.  

Measure of verbal ability 
	  
To evaluate the participant’s verbal ability, the vocabulary subtest in the Wechsler 

Adult Intelligence Scale (3rd ed.) (WAIS-III) was used. The participants were asked to 

explain the meaning of words. For each word, they could score two, one or zero 

points depending on the accuracy of the explanation. The total score, ranging from 0-

66 points, was calculated by combining the score of each word. 

Measure of executive functions  
	  
Assessment of the participant’s executive functions was done by means of two tests 

named “Odd and Man” and “Highest”. “Odd and Man” engaged the individuals’ 

ability to advisedly inhibit certain stimuli, known as inhibition (30). Sequences of 

two-digit numbers were expressed by a male and female-recorded voice on a 

computer. Each sequence consisted of 13 numbers. The participants were told to keep 

two odd numbers in mind, which the male mediated, and disregard the odd numbers 

the female mediated. Three different sequences of 13 numbers were played back and 

immediately after each of these three, the participants were told to repeat the odd 

numbers the male voice enounced. The participants got a score for each correct 

number they reported; two points per sequence, totally six points for all three 

sequences.  

 

“Highest” engaged the participants’ aptitude to monitor and code incoming 

information as well as testing their ability to properly adjust items held in working 

memory by substituting information, no longer relevant, with new and more relevant 
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such (30). The participants executed two subtests of the test “Highest” designated 

“Updating low load” and “Updating high load”. Again, the subjects were listening to 

recorded voices expressing three sequences of two-digit numbers, each sequence 

consisting of 13 numbers. In “Updating low load”, the participants were told to 

remember the two highest numbers in the particular sequence. Immediately after each 

of the sequences, subjects were told to retail the two highest numbers in the particular 

sequence. “Updating high load” was performed in the same way. However, subjects 

were no instructed to, in addition to the two highest numbers, remember the first 

number in the particular sequence. “Updating low load” was graded in like manner as 

the “Odd and Man”-test. However, the first number in the “Updating high load”-test 

was not included in the awarding of points, since it is considered being “a dummy 

corporation” and therefore solely the correct reproductions of the highest numbers 

were graded.  

Measure of advanced ToM 
	  
ToM was assessed by a set of social stories from Happé (1994) advanced test of ToM 

– the strange stories (3). The subjects were presented eight ToM-stories that were read 

one by one. If necessary, subjects were offered one more verbal presentation. A “why 

question” was asked after each presented story to examine the individual’s attribution 

of mental states, including desires, beliefs and intentions (18). Subsequently the 

question was scored as correct or incorrect. A correct implication could either concern 

a correct physical implication or a correct mental implication or vice versa, an 

incorrect physical implication or an incorrect mental implication, if regarding an 

incorrect implication. The correct inference was scored if both a correct and incorrect 

inference was given. Moreover, if both a physical and a mental conclusion were 

given, the mental conclusion was scored. Physical state inferences correlated with 

descriptions such as “to get rid of” or “to get more”. Mental state attributions referred 

to thoughts, feelings, desires, traits and dispositions comprising terms such as “think”, 

“know”, “like”, “afraid” and “lie”. The participants were scored with 2 points if they 

indicated the exact mental state; 1 point if they retailed a more general answer or an 

incomplete answer, and 0 if the answer did not correlate at all with the mental or 

physical inference. The score for the ToM-stories ranged from 0-16.  
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Procedure 
	  
Testing took place in a quiet room. The three cognitive tests and the ToM-test took 

altogether 45 minutes to execute. The whole procedure was recorded to facilitate 

scoring after the test was completed.  

Data analyses 
	  
SPSS (Statistical Package for Social Science) was used for statistical analyses. T-tests 

were performed to show group differences. Spearman’s rho: nonparametric test of 

correlation was used to show correlations. A significance level of p< 0,05 was 

employed.  

Results 
	  
The results that are about to be presented revealed significant differences between the 

control group and hearing impaired group. The descriptive data exhibited an 

interesting pattern, which is most explicit in figure 1. The control group performed 

better in almost every single item. 

 

An established significant difference between the control group (N = 20) and the 

group of individuals with HI (N = 7) was the one regarding the serial recall of non-

words task, where the control group outperformed the HI group. A substantial 

disparity in the ability to reproduce non-words emerged (see fig 1 and table 2). 

Furthermore, a difference in the ability to reproduce correct consonants of the non-

words between the control group and HI-group was found (see fig 1 and table 2) as 

well as the ability to reproduce correct vowels and correct number of syllables of the 

non-words (see fig 1 and table 2).  

 

The second analysis examined possible forthcoming disparities in vocabulary. A 

difference was discovered between the hearing impaired group and the control group 

(see fig 1 and table 2). The control group outperformed the HI group. 

 

Concerning the executive function tests, no significant difference appeared between 

the control group and HI-group in inhibition (see fig 1 and table 2) and updating low 

load (see fig 1 and table 2). However, a difference in updating high load was revealed 



	   14	  

between the two groups, where the control group performed better than the HI group 

(see fig 1 and table 2). 

 

However, no correlations between any of the ToM-measures and the executive 

functions were found within the group of HI individuals. To emphasize this, no 

correlation was found between ToM-ability and EF, including inhibition, updating 

low load and updating high load, within the HI-group. Neither could a correlation 

between correct ToM mental judgement and EF be found.  

 

Moreover, an evaluation considering differences between the individuals with hearing 

impairment (HI) and the normal hearing control group was done, regarding their 

ability to impute mental states as well as correct such, and the frequency of giving 

physical inferences within the two groups.  

 

A comparison between the control group and the group of individuals with HI 

displayed a significant difference between the groups in ToM total score (see fig 1 

and table 2) and mental judgements (see fig 1 and table 2). The control group 

performed better than the HI group. However, no significant differences in correct 

mental judgements between the groups were found (see fig 1 and table 2). 

 

Physical judgements were significantly more frequent within the group of individuals 

with HI than in the control group (see fig 1 and table 2).  
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Figure 1. Descriptive statistic for age, educational level, phonological working 

memory task, executive functions, ToM-ability and verbal ability. The figure shows 

the mean percentage values in all tests.  
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Table 2. This table shows the same means as displayed in fig 1 one + standard 

deviation and standard error of mean. 

  N Mean Std. 
Deviation 

Std. Error 
of 

Mean 
Vocabulary (%) Hearing 

impaired group 
7 49,00 15,748 5,952 

  Control group 20 68,35 10,624 2,376 
ToM stories 
total points (%) 

Hearing 
impaired group 

7 86,71 10,515 3,974 

  Control group 20 96,95 6,770 1,514 
ToM stories 
mental 
judgement (%) 

Hearing 
impaired group 

7 82,29 14,092 5,326 

  Control group 20 99,10 2,936 ,657 
ToM story 
physical 
judgement (%) 

Hearing 
impaired group 

7 18,00 14,259 5,390 

  Control group 20 ,60 2,683 ,600 
ToM story 
correct mental 
judgement (%) 

Hearing 
impaired group 

7 96,43 9,449 3,571 

  Control group 20 98,80 3,694 ,826 
ToM story 
correct physical 
judgement (%) 

Hearing 
impaired group 

7 41,57 36,248 13,701 

  Control group 20 0,00 0,000 0,000 
Educational 
level 

Hearing 
impaired group 

7 2,71 ,488 ,184 

  Control group 20 3,30 ,571 ,128 
Age Hearing 

impaired group 
7 29,29 6,651 2,514 

  Control group 20 29,30 4,692 1,049 
Inhibition (%) Hearing 

impaired group 
7 87,86 12,851 4,857 

  Control group 20 94,10 12,481 2,791 
Updating low 
load (%) 

Hearing 
impaired group 

7 78,43 15,747 5,952 

  Control group 20 89,05 13,578 3,036 
Updating high 
load (%) 

Hearing 
impaired group 

7 71,43 18,447 6,972 

  Control group 20 87,50 14,077 3,148 
Non-words (%) Hearing 

impaired group 
7 41,29 9,878 3,733 

  Control group 20 65,00 13,619 3,045 
Non-words 
consonants (%) 

Hearing 
impaired group 

7 62,43 7,413 2,802 

  Control group 20 76,15 9,719 2,173 
Non-words right 
vocal with 
consonants (%) 

Hearing 
impaired group 

7 78,29 12,619 4,770 

  Control group 20 93,55 5,482 1,226 
Real words (%) Hearing 

impaired group 
7 76,29 12,566 4,750 

  Control group 20 94,85 6,319 1,413 
Real words 
consonants (%) 

Hearing 
impaired group 

7 82,57 10,596 4,005 

  Control group 20 94,20 6,833 1,528 
Real words right 
vocal with 
consonants (%) 

Hearing 
impaired group 

7 83,86 12,130 4,585 

  Control group 20 96,65 5,008 1,120 
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Table 3. T-values and p-values for the cognitive tests and the ToM-test. 

Cognitive tests and ToM-test t df p-value 
Vocabulary  -3,655 25 0,001 
ToM stories total points -2,975 25 0,006 
ToM stories mental judgement -5,2 25 <0,001 
ToM story physical judgement 5,378 25 <0,001 
ToM story correct mental judgement 0,958 25 ns 
ToM story correct physical judgement 5,331 25 <0,001 
Inhibition -1,131 25 ns 
Updating low load -1,712 25 ns 
Updating high load -2,401 25 0,024 
Non-words -4,212 25 <0,001 
Non-words consonants -3,39 25 0,002 
Non-words right vocal with consonants  -4,448 25 <0,001 
Real words -5,117 25 <0,001 
Real words consonants  -3,351 25 0,003 
Real words right vocal with consonants  -3,95 25 0,001 

 

Discussion 
 
The intentions of this pilot study were to investigate ToM in individuals with 

congenital hearing impairment and to explore possible correlations between ToM and 

executive functions and verbal ability. However, it was not possible to explore any 

correlations between ToM and the degree of hearing impairment since the HI group 

was overly homogenous, in other words, the seven hearing impaired individuals had 

all a similar degree of hearing loss. We had a hypothesis that a discrepancy in ToM-

ability between the control group and HI group would be forthcoming and that 

executive functioning and verbal ability are closely interconnected with ToM-ability. 

Some tendencies were revealed that support this supposition, which I will deliberate 

about later in this section.  

 

We recruited seven individuals with a hearing impairment. The subjects were 

retrieved from medical records at the Audiological Clinic with respect to the inclusion 

criteria, which consequently made them representative for this study. Indeed it was a 

small group of individuals; nevertheless they were a rather homogenous group 

regarding their hearing impairment. Furthermore, all of the hearing impaired 

individuals but one had pursued or are pursuing postgraduate studies and none of 

them were on sick leave pension.  



	   18	  

Our intention was to make the reference population and the group of audiologically 

deprived individuals as equal as possible. We found no significant difference between 

the two groups in age or in gender. However, the control group had a slightly higher 

education level than the hearing impaired group. 

 

All four tests took place in a quiet room and were performed in the same manner as 

with the control group. Everything was recorded to facilitate scoring afterwards. It is 

possible that the scoring process may leave room for speculations about whether this 

procedure is reliable or not, considering it was a subjective awarding of points. 

However, all of the tests had supplementary distinct descriptions of how the scoring 

should be proceeded. Moreover, I consulted a college to review the results and when 

ambiguity emerged. Concerning the ToM-test, the validated test from Happé, which 

has been in operation since 1994, was employed. This test has been widely 

administered and applied on both children and adults with autism (3,33).  

 

Statistical analyses were made; nonetheless we are well aware of the fact that there 

are infirmities with employing T-tests in such small groups (HI group N = 7) of 

individuals, e.g. that the probability of getting a lower significance level increases. In 

spite of the fact that overestimating the results is conceivable, interesting results were 

revealed and we could see some remarkable trends. Namely, the control group 

performed better in virtually every single item.  

 

When estimating results in small groups as these it is important to pay particular 

attention to the variations in the different groups. If the variations are insignificant, 

then the likelihood of them being substantial, rather than coincidences, increases. If a 

great diversity in results is prevailed, this could consequently lead to a bigger standard 

deviation, which furthermore demands much greater thoroughness to dealing with 

these results and drawing conclusions about them. Table three emphasises the mean 

percentage value in all tests. It also reveals the standard deviations, which are slightly 

high in the HI group, indicating that they should be assessed cautiously.   

 

An establishment made was that the control group outperformed the HI-group 

considering their ability to attribute mental states and providing correct mental 

implications in ToM-stories. The results also disclose that physical judgements were 
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considerably more frequent within the group of individuals with HI than in the control 

group (see fig 1 and table 2). This corresponds with the hypothesis of the study, 

namely that in order to have an adequate ToM, one also has to have adequate auditory 

processing. However, despite this suggestion that a hearing impairment may 

contribute to a deficient ToM, it is worth keeping in mind that the group of hearing 

impaired individuals only consisted of totally seven persons. Nevertheless, it is an 

interesting correlation that could be further investigated, considering previous studies 

proposing that language may play a role in ToM development (4,5,34). Different 

linguistic aspects have been suggested to be facilitative in the development of ToM  

(22,25); nonetheless there is a difference of opinion about which language trait plays 

the primary role (4). The results in this present study also indicate a possible impact of 

an individual’s verbal ability since the HI group’s results on WAIS-III vocabulary test 

significantly differed from the control group’s performance. This furthermore 

corroborates the fact that language has an influence on ToM ability.  

 

As mentioned above, figure 1 displays a higher tendency to provide physical 

inferences in the HI group compared with the control group. Happé (3) suggests that 

this could imply a general lack of cognitive maturity, meaning that the hearing 

impaired individuals had a general incapacity to perceive the main point of the story. 

Nevertheless, incorrect mental state imputations seem to be a more reasonable 

explanation to the hearing impaired group’s inferior performance on the ToM-task. 

 

The results regarding the serial recall of non-words test displayed significantly better 

results within the control group in different aspects; namely, the group of HI 

individuals had more difficulties to reproduce non-words as well as to recall correct 

consonants and vowels comprising the non-words. This was an assumptive outcome, 

since it is uncontested that an audiological impairment can contract one’s ability to 

comprehend words and subsequently repeating them. However, an interesting thought 

is what influence a hearing loss may have on the cognition and whether this decrease 

in audiological skills could restrict the working memory capacity. There are studies 

that report that a reduced hearing capacity can decelerate the process of 

comprehending speech in a manner where the greater effort hearing impaired 

individuals put into perceiving what they hear, comes at the expense of cognitive 

properties. These properties are believed to otherwise consolidate what has recently 
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been heard for subsequent recalling (35,36). This may consequently be an explanation 

of why our hearing impaired group performed poorer in the non-words task than the 

control group.   

 

Rönnberg et al. (37) discuss the RAMBPHO function, which is an abbreviation for 

Rapid, Automatic Multi-modal binding of Phonology. The RAMBPHO function is 

believed to rapidly and implicitly match input with consolidated phonological 

representations in long-term memory. This is the case when ideal circumstances are 

forthcoming. However, in the instance of a hearing loss, these stored representations 

may not be successfully activated and phonological mismatches may occur (37). 

Phonological coding has been proposed to be a core operation in processing oral 

communication (38). Henceforth, a further assumption is that the audiologically 

deprived individuals’ processing of spoken language in this study is deficient due to 

inadequate phonological coding or matching of consolidated phonological 

representations with what they have recently heard. Perhaps this inadequacy could 

confine one’s opportunity to acquire a big vocabulary, since consolidating of words 

appears to be dependent on being able to comprehend and process new words. A 

suggestion is that this is the reason why the HI group did not perform at the same 

level as the control group on the real words test (see fig 1). A presumption is that the 

individuals would find it easier to recall the real words, which indeed both of the 

groups had (see fig 1). The reason why this is possible may be that the individuals in 

both of the groups had representations of these words in their memory and perhaps 

therefore could recall these words easier than the non-words. However, a question is, 

would the hearing impaired group have performed even better on the real words-task 

if they had perfect hearing? Perhaps the RAMBPHO function unsuccessfully matched 

the mediated words and a phonological mismatch occurred due to their hearing loss. 

 

Another finding was that the control group and the group of HI individuals performed 

similarly on the inhibition and updating low load test. Nevertheless, the result 

demonstrates a better performance in the updating high load task within the control 

group. The poorer performance in the HI group may explain why this group also 

performed at a lower level on the phonological working memory task. Updating has 

namely been suggested to play a pronounced role in speech apprehension in normal 

hearing individuals, especially under ambitious circumstances (39). Mishra et al. (39) 
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mention the cognitive spare capacity (CSC), more precisely the cognitive capacity 

remaining once successful speech comprehension has occurred. The intention of the 

“Updating high load”-test was to investigate the cognitive property updating in the 

HI individuals. Hence, their less successful results could be a consequence of an 

increase in cognitive load with a subsequently lower CSC, since a lot more of the 

CSC is used to perceive what numbers are being conveyed. A suggestion is that 

engaging the CSC to a larger extent than necessary may set requirements on the 

ability to update information. This could consequently make it more problematic to 

replace lower no longer relevant numbers with new higher numbers and 

simultaneously remember the initial mediated number.  

 

It has been submitted that executive functions may contribute to the development of 

ToM (20,25). However, no correlations between any of the ToM-measures and the 

executive functions were detected within the group of hearing impaired individuals in 

this study.  

 

An interesting topic worth mentioning is the mirror neuron system. As declared in the 

introduction, this system is considered to integrate three different types of sensory 

stimulation, which has aroused curiosity to explore what impact the auditory system 

possibly could have on this trimodal mirror neuron system. Hence, an interesting 

question is what consequence a deprivation in e.g. audition, which is the circumstance 

in hearing impaired individuals, may lead to then. Gazzola et al. (13) indicate an 

assumptive link between our ability to feel empathy with another person and the 

motor mirror system. By letting people listen to the sound of an action they were 

familiar with and which they previously had performed, certain brain areas were 

activated. A possible sequel of poorer audiological skills or even deafness could 

therefore be having difficulties with relating to people and enter into their feelings. 

Hence, it is plausible that adequate hearing is necessary in order to develop ToM. Is 

there possibly a biological explanation to why and how humans feel empathy? Mike 

et al. (1) intended to investigate what impact brain pathology in multiple sclerosis 

could have on taking another person’s perspective by testing their ability to recognise 

mental states and emotions. They discovered correlations between these tests and 

specific brain areas involved in different aspects of mentalization, which led to their 

proposal that brain lesions in MS may consequently influence these individuals’ 
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ability to comprehend and process emotions and mental states mediated by other 

individuals. Moreover, deficits in ToM have been reported in patients with 

Alzheimer’s disease (40), which is the most common neurodegenerative disease in the 

elderly (41). So, let me yet again bring up the mirror neuron system for discussion, 

which is believed to be trimodal, meaning that it integrates visual, motor and auditory 

stimulation (15,16). If one person’s auditory modality is absent, then only the visual 

and motor modalities will be obtainable. Is this enough to fully activate the mirror 

neuron system and could this partial activation lead to deficient stimulation of 

auditory mirror neurons? Conceivably, this insufficient stimulation of these auditory 

mirror neurons may result in degeneration of them, which could lead to a deficient 

ToM in the same manner as in Alzheimer’s disease and MS. 

Conclusion 
 
This study culminated in some interesting results that show tendencies that 

corroborate with my hypothesis and proposes that a hearing impairment may 

contribute to a deficient ToM. This proposal is supported by the descriptive data 

indicating significantly better results within the control group than in the hearing 

impaired group with respect to their ability to attribute mental states and, furthermore, 

the control groups slightly better performance in providing correct mental 

implications in ToM-stories. In summation, the control group performed better in all 

of the practiced tasks. The poorer performance on the test measuring the phonological 

working memory within the hearing impaired group gave rise to the suggestion that 

an inadequate hearing could influence the working memory capacity and the matching 

of recently heard words with consolidated representations. The hearing impaired 

group performed poorer at the “Updating high load”-test indicating a supposedly 

increased cognitive load due to the individuals’ hearing loss. Furthermore, it is 

possible that a poorer verbal ability could contribute to a deficient ToM-ability, since 

the hearing-impaired group performed inferior to the control group in both the ToM-

test and the vocabulary test. However, unfortunately no correlations between any of 

the ToM-measures and the executive functions were found within the group of HI 

individuals. 
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We certainly saw some significant differences between the two groups. However, 

there is uncertainty as to whether these revealed results are substantial or not since the 

hearing impaired group comprised very few people. To determine whether these 

discrepancies between the two groups are considerable, we need to have a bigger 

sample. This would facilitate the judgement of the results, since a larger study could 

either confirm or deny that substantial differences are forthcoming between the two 

groups concerning ToM.  

 

This is, to the best of my knowledge, the first study on mentalization in normal adults 

with congenital or early-acquired hearing loss. I encourage the implementation of 

further investigating the possible relationship between ToM and deprived hearing. 

Concluding such an association could help the elaboration of investigation methods 

and interventions within rehabilitation operation. 
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