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Abstract
Blind individuals face various challenges in everyday life because of the lack of visual input. However, since they need
to rely on the non-visual senses for everyday tasks, for instance, when navigating the environment, the question has been
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addressed for auditory and tactile abilities, whereas there is considerably less research into the chemical senses, such as
olfaction. However, to determine whether blindness has general effects, different senses and types of tasks should be
studied, preferably in one and the same study. Therefore, throughout this thesis, analogous auditory and olfactory tasks
that varied in cognitive complexity were studied. In Study I, absolute thresholds, discrimination, identification, episodic
recognition (i.e., after a short retention interval), metacognition, and self-reported imagery ability were assessed in early
blind, late blind, and sighted participants. The only objective measure on which the blind and sighted clearly differed was
the auditory episodic recognition task. The fact that early blind but not late blind participants displayed better memory than
the sighted suggested that the onset age of blindness may be important for whether this ability becomes enhanced following
blindness. Furthermore, the early blind participants rated their auditory imagery ability higher than the sighted, whereas both
early and late blind participants rated their olfactory imagery ability higher than the sighted. In Study II, the participants
from Study I were followed up after more than a year and retested on auditory and olfactory episodic recognition and
identification. This time, the early blind displayed no advantage over the sighted, suggesting that the influence of blindness
on auditory memory may be modulated by the length of the retention interval. Moreover, in line with Study I, identification
of sounds and odors was similar in the three groups. In Study III, early blind and sighted participants were examined for
potential differences in autobiographical memory as evoked by sounds and odors, respectively. Blindness did not influence
the reminiscence bumps (i.e., memory peaks in certain age intervals) or have any clear impact on the number of retrieved
sound- or odor-evoked memories. Taken together, the present findings indicate that blindness has no general influence
across tasks or sensory modalities. Rather, specific auditory abilities, such as episodic memory, may be enhanced in blind
individuals, although such effects may depend on both the onset age of blindness and the length of the retention interval.
In conclusion, for most perceptual and cognitive abilities examined, performance seemed unaffected by blindness.
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Abstract 

Blind individuals face various challenges in everyday life because of the lack 

of visual input. However, since they need to rely on the non-visual senses for 

everyday tasks, for instance, when navigating the environment, the question 

has been raised as to whether perceptual and cognitive abilities in these 

senses may be enhanced. This question has mainly been addressed for audi-

tory and tactile abilities, whereas there is considerably less research into the 

chemical senses, such as olfaction. However, to determine whether blindness 

has general effects, different senses and types of tasks should be studied, 

preferably in one and the same study. Therefore, throughout this thesis, 

analogous auditory and olfactory tasks that varied in cognitive complexity 

were studied. In Study I, absolute thresholds, discrimination, identification, 

episodic recognition (i.e., after a short retention interval), metacognition, and 

self-reported imagery ability were assessed in early blind, late blind, and 

sighted participants. The only objective measure on which the blind and 

sighted clearly differed was the auditory episodic recognition task. The fact 

that early blind but not late blind participants displayed better memory than 

the sighted suggested that the onset age of blindness may be important for 

whether this ability becomes enhanced following blindness. Furthermore, the 

early blind participants rated their auditory imagery ability higher than the 

sighted, whereas both early and late blind participants rated their olfactory 

imagery ability higher than the sighted. In Study II, the participants from 

Study I were followed up after more than a year and retested on auditory and 

olfactory episodic recognition and identification. This time, the early blind 

displayed no advantage over the sighted, suggesting that the influence of 

blindness on auditory memory may be modulated by the length of the reten-

tion interval. Moreover, in line with Study I, identification of sounds and 

odors was similar in the three groups. In Study III, early blind and sighted 

participants were examined for potential differences in autobiographical 

memory as evoked by sounds and odors, respectively. Blindness did not 

influence the reminiscence bumps (i.e., memory peaks in certain age inter-

vals) or have any clear impact on the number of retrieved sound- or odor-

evoked memories. Taken together, the present findings indicate that blind-

ness has no general influence across tasks or sensory modalities. Rather, 

specific auditory abilities, such as episodic memory, may be enhanced in 

blind individuals, although such effects may depend on both the onset age of 

blindness and the length of the retention interval. In conclusion, for most 



perceptual and cognitive abilities examined, performance seemed unaffected 

by blindness. 

 

 

Keywords: absolute threshold, audition, autobiographical memory, blind-

ness, discrimination, episodic recognition, identification, imagery, judgments 

of learning, memory, metacognition, olfaction, onset age of blindness, remi-

niscence bump, sensory compensation 



Sammanfattning på svenska 

Om man förlorar ett sinne, utvecklar man förmågor kopplade till de övriga 

sinnena? Om det är så, vilka sinnen och vilka typer av förmågor? När det 

gäller blindhet har de frågorna behandlats framförallt när det gäller hörseln 

och känseln. Hörseln är oerhört viktig och kan i viss utsträckning kompen-

sera för synbortfallet, till exempel för att lokalisera och identifiera objekt och 

för att orientera sig i omgivningen. I tidigare forskning har blinda personer 

inte bara uppvisat vissa förbättrade hörselförmågor jämfört med seende, utan 

även vissa förmågor kopplade till luktsinnet. Forskning på luktsinnet är trots 

allt väldigt begränsad, troligtvis på grund av att luktförmågor inte har en lika 

tydlig funktion för en blind person i vardagen som hörseln har. Både inom 

ljud- och luktforskningen tycks skillnader mellan blinda och seende delvis 

bero på vilken typ av förmåga som undersökts. Exempelvis har få studier 

funnit gruppskillnader i väldigt grundläggande perceptuella förmågor, såsom 

att känna svaga lukter eller höra svaga ljud (d.v.s. detektionströsklar), medan 

det finns starkare stöd för skillnader i vissa mer kognitivt komplexa uppgif-

ter, såsom att skilja mellan ljud (d.v.s. diskriminering) och att namnge lukter 

(d.v.s. identifiering). Väldigt få studier har undersökt episodiskt minne, det 

vill säga minnen av specifika händelser som går att placera i tid och rum. För 

att kunna dra slutsatser om hur generaliserbara eventuella skillnader mellan 

blinda och seende personer är behövs olika sinnen och olika typer av för-

mågor undersökas. I den här avhandlingen studerades både perceptuella och 

kognitiva förmågor kopplade till hörseln och luktsinnet, närmare bestämt 

detektionströsklar, diskriminering, identifiering, episodiskt minne, metakog-

nition (d.v.s. i detta fall kunskap om sin egen minnesförmåga), mental före-

ställningsförmåga och självbiografiskt minne. 

 

I Studie I testades tidigt blinda (d.v.s. blinda sedan födseln eller tidig barn-

dom), sent blinda (d.v.s. blinda sedan tonåren eller vuxen ålder) och seende 

personer på en rad olika perceptuella och kognitiva uppgifter. Det visade sig 

att tidigt blinda personer hade bättre episodiskt minne för miljöljud än se-

ende. Sent blindas minnesförmåga var något bättre än seendes men skiljde 

sig inte statistiskt signifikant från varken seende eller tidigt blinda, och det är 

därför svårare att uttala sig om hur det skulle kunna se ut generellt i populat-

ionen. Att bättre ljudminne framförallt gällde tidigt blinda tyder på att åldern 

när en person blir blind har betydelse för hur väl förmågan utvecklas. Det 

har även tidigare studier visat för andra typer av förmågor, och det tros vara 



kopplat till en större potential till förändring och plasticitet i hjärnan i barn-

domen än senare i livet. Mental föreställningsförmåga skiljde sig också till 

viss del mellan blinda och seende personer. Självskattningar av hur tydligt 

eller levande ett antal ljud och lukter kunde föreställas för sitt inre var högre 

hos tidigt och sent blinda än hos seende, men skillnaden mellan sent blinda 

och seende när det gäller ljud var inte statistiskt signifikant. För de övriga 

uppgifterna (d.v.s. detektionströsklar, diskriminering, identifiering, episo-

diskt luktminne, metakognitiv förmåga) fanns inga tydliga gruppskillnader. 

 

I Studie II följdes samma deltagare upp efter ungefär 1 år för att ännu en 

gång testas på sitt minne för ljuden och lukterna de hade lärt sig tidigare. 

Precis som tidigare fick de också försöka identifiera ljuden och lukterna. Till 

skillnad från Studie I skiljde sig inte grupperna åt i episodiskt minne för 

varken ljud eller lukter. Det kan tolkas som att retentionsintervallet, det vill 

säga tiden mellan inlärning och minnestestet, har betydelse för blindas för-

måga att minnas ljud. Eventuellt skulle det kunna vara kopplat till att olika 

typer av minnesstrategier användes vid det korta och långa retentionsinter-

vallet. Blinda har exempelvis i andra studier visat sig ha bättre och snabbare 

uppmärksamhet för ljud än seende, och i kombination med träning i att 

lyssna till perceptuella detaljer kan det ha lett till deras bättre minnesprestat-

ion vid det korta retentionsintervallet. Efter lång tid är det svårt för alla, in-

klusive de tidigt blinda, att minnas sådana detaljer och det är möjligt att de i 

högre grad gick på en generell känsla av vad som var bekant. Detta är 

aspekter som inte undersöktes i den här studien men som skulle kunna un-

dersökas vidare i framtida studier. Det ska också nämnas att i likhet med 

Studie I fanns det inga större gruppskillnader identifieringsförmåga för var-

ken ljud eller lukter. 

 

I Studie III undersöktes en annan aspekt av episodiskt minne hos tidigt 

blinda och seende personer: självbiografiskt minne, det vill säga minnen från 

deltagarnas egna liv. Ett antal ljud och lukter användes som minnesledtrådar 

och om de framkallade ett specifikt minne fick deltagaren berätta om det. 

Vid ett senare tillfälle fick de också försöka bestämma åldern för då händel-

sen ägde rum. På så sätt kunde åldersdistributioner ritas upp, där fördelning-

en av proportioner minnen syntes för varje åldersdekad. Det här hade inte 

tidigare studerats hos blinda personer, men forskning på seende hade visat 

att vilken typ av minnesledtråd som ges spelar roll för formen på åldersdis-

tributionen. När exempelvis ljud, ord, eller bilder används syns oftast en 

ökning i proportionen minnen i tonåren eller tidig vuxen ålder; en så kallad 

bump av minnen. Däremot, när lukter används syns bumpen oftast i tidig 

barndom. Ingen tidigare studie hade undersökt om perceptuella erfarenheter 

hos individen själv påverkar minnesbumpen, men det är möjligt att erfaren-

het och uppmärksamhet gentemot viss typ av information, såsom ljud, kan 

påverka minnesframplockningen. När blinda och seende personer jämfördes 



visade de sig trots allt ha nästan identiska åldersdistributioner av ljud- och 

luktframkallade minnen. Båda grupper hade en något utspridd ljudbump 

över de två första dekaderna och en luktbump i tidig barndom. Vi jämförde 

även hur många minnen grupperna i genomsnitt plockade fram och trots att 

antalet minnen var något högre för blinda än seende deltagare i den här stu-

dien var skillnaden inte statistiskt signifikant. Eftersom det här såvitt vi vet 

är den första självbiografiska minnesstudien på blinda då perceptuella min-

nesledtrådar, såsom ljud och lukter, använts behövs fler studier för att be-

kräfta resultaten.  

 

Sammantaget visar den här avhandlingen att det inte finns någon generell 

skillnad mellan blinda och seende personer med avseende på perceptuella 

och kognitiva hörsel- och luktförmågor. Däremot tyder studierna på att vissa 

hörselförmågor är bättre hos blinda, såsom episodiskt minne för miljöljud, 

men att en sådan skillnad kan bero på både längden på retentionsintervallet 

och åldern då personen blev blind. Blinda och seende personer tycks alltså 

uppvisa långt fler likheter än skillnader i hörsel- och luktförmågor. 
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Introduction 

Blind individuals face various challenges in everyday life because of the lack 

of visual input. They need to rely on the other senses in situations in which 

sighted individuals would preferably use vision, for instance, when navi-

gating the environment, localizing and identifying objects or people, and 

reading texts. Auditory abilities play an important role in achieving these 

purposes. Some of these tasks are more challenging than others to perform 

without vision, and blind individuals may need to develop ways to overcome 

the constraints related to blindness. Hence, blindness not only implies a 

change in visual perception, but it may also induce changes in the intact non-

visual senses. 

  

The question of whether blind individuals compensate for their visual loss by 

developing superior abilities in the non-visual senses has been addressed in 

empirical studies for at least a century (e.g., Griesbach, 1899). Most studies 

have focused on audition and touch, and both these senses are involved in 

many spatially related tasks, such as navigation and the localization of ob-

jects. In contrast to touch, sounds convey information not only about nearby 

surroundings but also from far distances, so it is unsurprising that much re-

search into blind individuals concerns audition. The empirical support for 

enhanced auditory functions in the blind is mixed, depending, among other 

things, on what function is being studied. For example, there are indications 

that tasks that tap basic perceptual functions may be less affected than cer-

tain more cognitively complex tasks (Benedetti & Loeb, 1972; Collignon & 

De Volder, 2009). However, the identification of and episodic memory for 

sounds, which tap more higher-order cognitive functions, have generally 

attracted less attention than have perceptual tasks. 

 

Despite the emphasis on auditory abilities in blind individuals, all senses 

have been covered in the literature, although to various degrees. In compari-

son to audition, very little research has been devoted to the chemical senses, 

that is, olfaction and taste. Olfaction is another sense, beyond vision and 

audition, that has potential to convey information from far as well as near 

distances. From an evolutionary perspective, olfaction has played a signifi-

cant role in detecting and avoiding potential dangers. An intact sense of 

smell is also important in modern society, for example, for detecting the 

smell of burnt or spoiled food, during food intake, and for general well-being 
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(Croy, Nordin, & Hummel, 2014). Moreover, this sense may also be in-

volved in localizing objects and facilitating navigation in the environment, 

although with much less precision than vision. For example, a certain smell 

may be associated with a particular location and complement other sensory 

impressions. Despite these functions, blind individuals are doubtless less 

dependent on olfaction than on audition for everyday functioning. Hence, 

differences between blind and sighted individuals may be less expected for 

olfactory than auditory abilities. There are contradictory empirical findings 

as to whether blind individuals have better olfactory abilities than do the 

sighted, and some functions, such as episodic memory, have been almost 

totally neglected in previous research (but see Diekmann, Walger, & von 

Wedel, 1994). As in the case of audition, research indicates that basic per-

ceptual olfactory functions may be less affected by blindness than are high-

er-order cognitive functions (e.g., Frasnelli, Collignon, Voss, & Lepore, 

2011). Importantly, to be able to draw conclusions about how generalizable 

the effects of blindness are across sensory modalities and functions, compar-

ative studies that include different sensory modalities are needed. Despite the 

clear benefit with such an approach, it has seldom been applied in previous 

research into blind individuals. In this thesis, I examined whether blind and 

sighted individuals differ in auditory and olfactory abilities by using a wide 

range of analogous auditory and olfactory tasks that varied in cognitive 

complexity, such as absolute thresholds, discrimination, identification, epi-

sodic recognition, metacognition, imagery, and autobiographical memory 

(AM). Absolute threshold tasks are commonly used in both auditory and 

olfactory research to evaluate basic perceptual function, whereas discrimina-

tion and identification tasks impose comparatively more cognitive demands 

(e.g., executive function: Hedner, Larsson, Arnold, Zucco, & Hummel, 

2010). The episodic memory, metacognitive, imagery, and AM tasks were 

included first and foremost because they draw on higher-order cognitive 

functions and because they have been largely ignored in previous research in 

blind individuals. For example, little is known about autobiographical 

memory in blind individuals. Thus, the main focus of this thesis was on 

memory functions. Studies I−II examined auditory and olfactory episodic 

memory as assessed by recognition tasks after short and long retention inter-

vals, respectively, and Study III examined autobiographical recall as cued by 

sounds and odors. By considering this wide range of tasks, it was possible to 

study whether any potential influence of blindness would depend on the type 

and complexity of the task. Moreover, the potential influence of onset age of 

blindness was examined by including blind individuals with different onset 

ages (i.e., early vs. late) in Studies I−II. 
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Definition of blindness 

According to the International Statistical Classification of Diseases and Re-

lated Health Problems (ICD-10, World Health Organization), blindness is 

defined as visual acuity of less than 0.05 (i.e., 3/60 or equivalent). This 

means, for example, that a blind person at most may see an object from a 

distance of three meters that a sighted person would normally see from 60 

meters. Blind individuals constitute a heterogeneous group, in which some 

are totally blind and others may have some level of residual vision (e.g., 

light perception or more). People with moderate or severe visual impairment 

but with visual acuity above 0.05 are described as having low vision or being 

visually impaired, and they were not studied in this thesis. However, a num-

ber of previous studies in which so-called legally blind individuals were 

examined (i.e., visual acuity below 0.10) are cited. The main cause of visual 

loss is chronic eye diseases (e.g., unoperated cataracts, uncorrected refractive 

errors, and glaucoma; Bourne et al., 2017). Researchers typically categorize 

blind participants with respect to the onset age of blindness: congenitally 

blind, early blind, and late blind. The early blind comprises individuals who 

became blind during childhood, typically in the first years of life (Gougoux 

et al., 2004; Kujala, Lehtokoski, Alho, Kekoni, & Näätänen, 1997; Sorokow-

ska, 2016), although some studies have also included those who became 

blind up to their early teens in this group (Cohen et al., 1999; Sadato, Okada, 

Honda, & Yonekura, 2002; Wan, Wood, Reutens, & Wilson, 2010). This 

group may also include individuals who have been blind since birth (i.e., 

congenitally blind). The late blind typically refers to individuals with blind-

ness onset in adolescence or adulthood. The division of blind individuals is 

important from a theoretical perspective, since the onset age of blindness has 

been demonstrated to be related to the degree of neurological change in the 

brain and to whether blind individuals display enhanced auditory functions 

as compared to sighted individuals, for instance (for a review, see Merabet & 

Pascual-Leone, 2010).  

Effects of blindness on perception and cognition 

As noted above, blindness may impose certain challenges on the individual 

in everyday life, for example, when navigating the environment. It has been 

argued that blindness leads to a general deficit in sensory and cognitive func-

tions, known as the general-loss hypothesis (Occelli, Spence, & Zampini, 

2013). This view is based on the idea that vision is required for calibrating 

the other senses, particularly regarding spatial functions in the auditory and 

tactile modalities (Kupers & Ptito, 2014; Lazzouni & Lepore, 2014; 

Rauschecker, 1995). There is support from animal studies indicating that 

visual input is important for the development of the auditory space map in 

the superior colliculus of the mammalian midbrain, or in the optic tectum in 
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non-mammals (Gutfreund & King, 2012; Voss, 2016). Moreover, there are 

behavioral studies in humans that have found impaired auditory (Axelrod, 

1959; Lewald, 2002; Zwiers, Van Opstal, & Cruysberg, 2001) and tactile 

(Worchel, 1951) functions in blind individuals.  

 

However, other studies indicate that blind individuals may adapt to or com-

pensate for their visual loss, in what is known as the compensatory hypothe-

sis (Occelli et al., 2013). Blind individuals have displayed not only perfor-

mance comparable to that of the sighted, but also enhanced abilities in cer-

tain auditory, tactile, and olfactory tasks (Hötting & Röder, 2009; Kupers & 

Ptito, 2014; Occelli et al., 2013). The term compensation is typically used in 

the latter sense (Kupers & Ptito, 2014). There are several potential explana-

tions for why blind individuals have displayed better perceptual and cogni-

tive performance than the sighted, and many of them relate to their everyday 

experiences and extensive use of the remaining intact senses, as well as to 

cross-modal neural plasticity. 

Potential explanations for enhanced perceptual and cognitive 

abilities in blind individuals 

In essence, blind and sighted individuals differ in their everyday experiences 

as they perceive and attend to partly different sensory information. For in-

stance, blind individuals may need to use their auditory skills for certain 

tasks for which the sighted typically use vision (e.g., navigation, localization, 

and the identification of objects), and this may lead to the training of specific 

abilities. Training is closely linked to changes in attention, as both automatic 

and deliberate attention to sensory information likely entails some sort of 

training. It may also work in the opposite way, such that training on a task 

may lead to enhanced attention. Another potentially important factor in ex-

plaining behavioral differences between the blind and sighted is cross-modal 

plasticity. Cross-modal plasticity in blind individuals is illustrated by adap-

tive reorganization of the brain in which the occipital cortex becomes re-

cruited for the processing of non-visual information, instead of predominate-

ly visual information as in sighted individuals. As is evident, the potential 

explanations put forward are not mutually exclusive.  

 

Several studies have identified enhanced attentional processes in blind indi-

viduals for auditory and tactile information, in the sense of shorter reaction 

times (RTs) and in some cases also higher accuracy (Collignon & De 

Volder, 2009; Collignon, Renier, Bruyer, Tranduy, & Veraart, 2006; Hötting 

& Röder, 2009; Liotti, Ryder, & Woldorff, 1998; Pigeon & Marin-Lamellet, 

2015). For example, in a selective attention task in which participants were 

instructed to respond to consonants (targets) during the simultaneous presen-
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tation of numbers (distractors), early and late blind participants performed 

better than did sighted in terms of both accuracy and RTs (Pigeon & Marin-

Lamellet, 2015). Similar group differences were also demonstrated for tasks 

of sustained and divided auditory attention. It was suggested that the en-

hanced attentional capacities in blind individuals may be due to their experi-

ence of processing and manipulating information when navigating the envi-

ronment.  

 

Furthermore, shorter RTs in blind individuals have also been found for bi-

modal divided attention tasks, that is, when information from two different 

sensory modalities is presented (Collignon et al., 2006; Kujala et al., 1997). 

In Kujala et al. (1997), early blind and sighted participants were instructed to 

respond to auditory and tactile targets among distractors as fast as possible. 

The blind individuals were faster, but not more accurate, than were the 

sighted at responding to the targets, which indicated that their ability to 

switch attention between sensory modalities was enhanced. According to the 

authors, these effects may have resulted from extensive training of these 

specific sensory modalities in everyday life, for instance, when navigating 

with a white cane on the street and registering both auditory and tactile feed-

back.  

 

Similarly, studies of multisensory illusions have shown that blind individuals 

are less distracted by the simultaneous presentation of stimuli in another 

modality (Hötting & Röder, 2009). For example, when instructed to count 

the number of tactile stimuli and ignore the simultaneous presentation of 

tones, blind individuals were not as easily tricked by the task-irrelevant tones 

as were the sighted (Hötting & Röder, 2004). This finding was interpreted as 

evidence of less multisensory integration in blind individuals, and although 

the reason for this was unclear, the authors hypothesized that it may have 

been due to enhanced skills in the auditory and tactile modalities (Hötting & 

Röder, 2009). Another hypothesis was that vision is needed for the normal 

development of multisensory integration (Lewkowicz & Röder, 2012), this 

idea being based on findings from animal studies (e.g., Carriere et al., 2007; 

Stein, 2012).  

 

In comparison with the auditory field of research, few studies compare olfac-

tory attention between blind and sighted individuals. However, as odors may 

provide valuable information about the environment and facilitate the identi-

fication of foods, objects, and people, it is possible that blind individuals 

attend to and train their olfactory abilities more than do the sighted. There 

are some indications that blind individuals are more aware of environmental 

odors than are the sighted, as indicated by self-reports (Beaulieu-Lefebvre, 

Schneider, Kupers, & Ptito, 2011). Additionally, a neuroimaging study from 

the same research lab demonstrated that blind but not sighted individuals 
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activated the right mediodorsal thalamus during an olfactory detection task 

(Kupers et al., 2011), which was suggested to indicate increased olfactory 

attention in blind individuals.   

 

Enhanced behavioral performance in blind individuals has also been attribut-

ed to cross-modal plasticity in the brain (e.g., Frasnelli et al., 2011). Activa-

tion in the occipital cortex of blind individuals has mainly been found during 

different types of auditory and tactile tasks (Merabet & Pascual-Leone, 

2010), but there is also some evidence of such activation during olfactory 

tasks (Kupers et al., 2011; Renier et al., 2013). For example, in the auditory 

field of research, imaging studies have found increased occipital cortex acti-

vation during sound localization in blind as compared to sighted individuals 

(Gougoux, Zatorre, Lassonde, Voss, & Lepore, 2005; Weeks et al., 2000). 

Gougoux et al. (2005) demonstrated that the monaural sound localization 

ability of early blind individuals was positively correlated with activation in 

the occipital cortex. Additionally, occipital activation has been demonstrated 

for semantic and episodic memory for auditorily presented words, pseudo-

words, and sentences (Amedi, Raz, Pianka, Malach, & Zohary, 2003; Raz, 

Amedi, & Zohary, 2005; Röder, Stock, Bien, Neville, & Rösler, 2002). For 

example, Amedi et al. (2003) found that activation in the occipital cortex of 

blind individuals was correlated with episodic memory for words 6 months 

after encoding, whereas no such activation was demonstrated in sighted par-

ticipants. Although evidence is scarce, activation in the occipital cortex has 

been found in congenitally and early blind individuals during olfactory de-

tection and identification tasks (Kupers et al., 2011; Renier et al., 2013). 

Beyond support from correlational studies, there is also evidence from repet-

itive transcranial magnetic stimulation (rTMS)
1
 studies indicating that rTMS 

over the occipital cortex disrupts sound location discrimination (Collignon, 

Lassonde, Lepore, Bastien, & Veraart, 2007), reading of Braille and Roman 

letters (Cohen et al., 1997), and verb-generation (Amedi, Floel, Knecht, Zo-

hary, & Cohen, 2004) in early blind but not sighted individuals. It should be 

noted that occipital activation during task performance is not always demon-

strated in blind individuals (e.g., Collignon et al., 2007; Gougoux et al., 

2009). However, most studies indicate that the occipital cortex has a func-

tional role in processing non-visual information in blind individuals 

(Frasnelli et al., 2011).  

Onset age of blindness  

The age at which an individual becomes blind may be an important factor in 

the development of perceptual and cognitive abilities. Some studies have 

                                                      
1 

TMS is a non-invasive method in which a magnetic field is used to create an elec-

tric current in a specific area of the brain; repetitive TMS (rTMS) decreases activity 

by generating temporal “virtual lesions.”
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shown that early blind but not late blind individuals have better auditory 

abilities than do the sighted (Gougoux et al., 2004; Wan et al., 2010; but see 

Voss et al., 2004). Since neuroplasticity is particularly vigorous at an early 

age, earlier onset of blindness is related to more neuroplastic changes (Me-

rabet & Pascual-Leone, 2010). As noted above, studies have observed cross-

modal plasticity in blind individuals during the processing of auditory, tac-

tile, and olfactory stimuli (Kupers & Ptito, 2014; Noppeney, 2007). Howev-

er, there are different views as to whether or not the observed cross-modal 

plasticity of blind individuals is restricted to a specific age period (i.e., sensi-

tive or critical period). Some researchers have suggested that there is an up-

per age limit in the early teens (Cohen et al., 1999: 13–15 years; Sadato et 

al., 2002: 16 years), whereas others have emphasized that neuroplasticity is 

particularly vigorous at an early age, but continues well into adulthood (Me-

rabet & Pascual-Leone, 2010).  

 

Taken together, blindness induces significant changes for the individual at 

the behavioral and neurological levels, with respect to experience, attention, 

and neuroplasticity. Such changes may result in enhanced perceptual and 

cognitive abilities in blind individuals. 

Cognitive functions 

The main focus of this thesis is on cognitive functions, many of which are 

interrelated. Below I will briefly describe the relevant long-term memory 

functions, as well as the cognitive abilities closely related to these: metacog-

nition and imagery. 

Declarative memory 

Human memory can be regarded as comprising five different, but interrelat-

ed, forms of memory: the primary, procedural, perceptual representation, 

semantic, and episodic memory functions (Schacter & Tulving, 1994; 

Squire, 2004). Semantic memory and episodic memory are of primary inter-

est for this thesis and have been described as declarative, because these 

memory processes require conscious recollection (Squire, 2004). Autobio-

graphical memory (AM) has been classified as part of the episodic memory 

system (Schacter & Tulving, 1994), but may also be viewed as comprising 

both episodic and semantic memory (Renoult, Davidson, Palombo, Mos-

covitch, & Levine, 2012). 

Episodic memory 

Episodic memory concerns memories of  personally experienced events that 

are bound to specific times and places (Tulving, 2002). Memory retrieval is 
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typically accompanied with mental time travel and re-experience of the orig-

inal event. Episodic memory can be assessed using different methods (e.g., 

free recall, cued recall, and recognition). Episodic recognition tests were 

used in this thesis, and consist of the encoding of stimuli and the recognition 

of the previously encoded stimuli among a set of distractors. Cued recall was 

used for examining AM (see below). 

Semantic memory  

In contrast to episodic memory, semantic memory concerns the recollection 

of information that is not bound to any specific time or place. Instead, it re-

fers to more general knowledge, such as vocabulary and facts (Schacter & 

Tulving, 1994). Identification of objects is related to semantic memory 

(Larsson, 2002; Schab, 1991), for example, as reflected in the knowledge of 

what an object looks like and how it sounds or smells. In this thesis, the 

identification of sounds and odors was examined.  

Autobiographical memory  

AM consists of both episodic and semantic memory components: episodic, 

since it relates to personally experienced events that may be bound to specif-

ic times and places, and semantic because it also relies on general personal 

knowledge. Conway and Pleydell-Pearce (2000) proposed that AM consists 

of information at three levels of specificity: lifetime periods, general events, 

and event-specific knowledge. Event-specific knowledge consists of the 

most detailed information. Furthermore, AM is believed to be closely related 

to the mental construction of the self. AM may be studied using different 

methods, for instance, the life-narrative method, diary recall method, and 

Galton–Crovitz method (Rubin, 2005). In the Galton–Crovitz method, the 

participant is asked to try to retrieve AMs based on a number of cues, typi-

cally words, although it is also possible to use perceptual cues, such as pic-

tures, sounds, or odors. This thesis used sound and odor cues to evoke AMs. 

Reminiscence bumps 

Memories that people retrieve in AM studies are typically not evenly distrib-

uted across the lifespan. Events from adolescence and young adulthood are 

retrieved more frequently than are those from other periods of life (Koppel 

& Berntsen, 2015). This illustrates the so-called reminiscence bump (Rubin, 

Rahhal, & Poon, 1998). The bump is a robust phenomenon and is found to 

be located in roughly the same age period regardless of the method used to 

identify it (Rubin & Schulkind, 1997; Schulkind & Woldorf, 2005; Willand-

er & Larsson, 2006; but see also Koppel & Rubin, 2016). However, there is 

one exception to this. In contrast to word, picture, and sound cues, odor cues 

result in an early AM bump, located in the first decade of life. This so-called 

olfactory bump has been demonstrated repeatedly (Chu & Downes, 2000; 

Willander & Larsson, 2006, 2007, 2008; Willander, Sikström, & Karlsson, 
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2015; but see Rubin, Groth, & Goldsmith, 1984). Several hypotheses have 

been proposed to explain the “regular” reminiscence bump located in ado-

lescence and young adulthood. For example, this specific time period is 

characterized by many distinct and novel events, identity formation, and 

well-developed cognitive abilities (Rubin et al., 1998). Other explanations 

have been proposed for the olfactory bump, most of which emphasize the 

uniqueness of the olfactory sensory system (Chu & Downes, 2000; Willand-

er, 2007; Willander & Larsson, 2007). Unlike the other senses, the olfactory 

system is part of the limbic system and is closely connected with memory 

structures such as the hippocampus (Wilson & Stevenson, 2006). In line with 

this, Yeshurun, Lapid, Dudai, and Sobel (2009) demonstrated that the first 

associations between an odor and an object uniquely activated the hippo-

campus (i.e., more activation than from second associations between the 

same object and another odor). This was not the case for sound-to-object 

associations, suggesting that retrieval of first odor associations have a privi-

leged brain representation. This could favor the retrieval of the earliest expe-

riences of an odor, which, in most cases, are experiences from childhood. 

Furthermore, the olfactory bump has also been related to Conway’s (Con-

way, 1992) idea that highly perceptual cues—that is, stimuli (e.g., odors) 

that recruit fewer semantic network structures—may evoke memories more 

directly and without a conceptually-based search (Chu & Downes, 2000; 

Willander & Larsson, 2007; see also Arshamian et al., 2013). Although none 

of the explanations put forward for the “regular” reminiscence bump has 

concerned the potential influence of sensory perception, the observation of a 

different bump for olfactory cues suggests that the sensory input has an im-

pact on the age distribution of AMs.  

Metacognition 

Metacognition concerns both knowledge and regulation (e.g., monitoring) of 

one’s own cognitive processes (Schraw, 1998). Metamemory concerns 

memory processes specifically, and is, for instance, reflected in the evalua-

tion of how well something was learned. There are different types of 

metamemory judgments (Leonesio & Nelson, 1990), for example, judgments 

of learning (JOLs; e.g., Nelson & Dunlosky, 1991). JOLs typically consist of 

predictions of future memory performance (Jönsson, Hedner, & Olsson, 

2012), and their accuracy can be evaluated by correlating the predictions 

with actual performance. The judgments can be made item by item or aggre-

gated across items (Jönsson et al., 2012; Koriat, Bjork, Sheffer, & Bar, 

2004), and some studies indicate that aggregate JOLs yield less overconfi-

dence than do item-by-item JOLs (Koriat, Sheffer, & Ma’ayan, 2002). Most 

research into metamemory has targeted the learning of verbal materials in 

educational contexts, although some types of metamemory judgments (e.g., 

feeling of knowing) have been investigated for learning stimuli in other mo-
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dalities, such as olfaction (Jönsson & Olsson, 2003). In this thesis, JOLs 

were assessed relative to the auditory and olfactory episodic recognition 

tasks.  

Imagery  

Imagery relates to the formation and experience of mental images, that is, it 

is a perceptual experience without any sensory input. Hence, it is an internal 

representation based on memory (Kosslyn, Thompson, & Ganis, 2006). 

There is large individual variation in imagery ability, but also across differ-

ent sensory modalities. Whereas most (sighted) people have no difficulties in 

creating visual or auditory mental images (Arshamian & Larsson, 2014; 

Kosslyn et al., 2006), olfactory images are much rarer (Stevenson & Case, 

2005) and typically also less vivid (Arshamian & Larsson, 2014; Stevenson 

& Case, 2005). However, training and expertise have been associated with 

better imagery ability, such that musically trained people show increased 

auditory imagery ability (Hubbard, 2010) and perfumers display better olfac-

tory imagery (Gilbert, Crouch, & Kemp, 1998). For example, Aleman, 
Nieuwenstein, Böcker, and Haan (2000) demonstrated that musically trained 

participants had better auditory musical and non-musical imagery abilities 

than participants with considerably less musical experience, while their visu-

al imagery abilities did not differ. Neuroimaging studies indicate that audito-

ry cortex becomes activated during auditory imagery (Zatorre & Halpern, 

2005). In a similar vein, Plailly, Delon-Martin, and Royet (2012) examined 

olfactory imagery in student and professional perfumers and found differ-

ences in activation of both olfactory and memory related brain areas (i.e., 

piriform cortex, orbitofrontal cortex, and hippocampus). For both groups 

there was an overlap in the brain regions activated during imagery as during 

actual perception (see also Djordjevic, Zatorre, Petrides, Boyle, & Jones-

Gotman, 2005). This is in line with previous  findings of auditory (e.g., 

Halpern & Zatorre, 1999; Zatorre & Halpern, 2005), visual (e.g., Ganis, 

Thompson, & Kosslyn, 2004), and motor (Richter et al., 2000) imagery. 

Imagery is also closely related to episodic memory. For example, retrieval of 

autobiographical memories may be accompanied by imagery of detailed 

event-specific knowledge (e.g., Conway & Pleydell-Pearce, 2000). Moreo-

ver, neuroimaging studies indicate that hippocampus is not only involved in 

episodic memory retrieval, but also in imagining future events or scenes 

(e.g., Zeidman & Maguire, 2016). Furthermore, imagery is important for a 

range of other cognitive tasks, such as spatial and abstract reasoning, and 

skill learning (Kosslyn, Behrmann, & Jeannerod, 1995). Mental images may 

function as a mnemonic device for learning different types of information, 

such as visual (Kosslyn et al., 1995), verbal (Paivio & Okovita, 1971), and 

auditory (Hubbard, 2010) information. This thesis assessed the ability to 

imagine sounds and odors using self-report measures.    
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Perceptual and cognitive abilities: blind versus sighted 

Audition 

As noted above, much research into differences between blind and sighted 

individuals has focused on audition, and in particular perceptual functions, 

such as detecting and localizing sounds and discriminating auditory attrib-

utes. Sound localization is crucial for navigating the environment and blind 

individuals have been shown to perform better when the sounds are present-

ed in the periphery, but not in the frontal field or vertical plane (Voss, 2016). 

Additionally, as compared with the sighted, blind individuals display en-

hanced ability to detect sound reflections from objects (i.e., echolocation), 

which may be used as cues for spatial navigation (Dufour, Després, & Can-

das, 2005; Schenkman & Nilsson, 2010; Voss, 2016). In contrast, higher-

order cognitive functions, such as sound identification and episodic memory, 

have been less studied. 

 

The idea that basic perceptual versus cognitively more complex tasks may be 

differentially affected by blindness has been considered in both auditory 

(e.g., Axelrod, 1959; Benedetti & Loeb, 1972; Pigeon & Marin-Lamellet, 

2015) and olfactory (e.g., Cuevas, Plaza, Rombaux, De Volder, & Renier, 

2009; Frasnelli et al., 2011; Wakefield, Homewood, & Taylor, 2004) re-

search. Although few auditory studies have compared basic perceptual and 

more cognitively complex tasks within one and the same study, some studies 

indicate that complexity matters, as they failed to identify differences be-

tween blind and sighted in basic perceptual ability (i.e., absolute thresholds 

of hearing), but found better performance on attentional tasks (e.g., Benedet-

ti & Loeb, 1972; Collignon et al., 2006). 

Absolute thresholds of hearing  

One of the most basic auditory tasks is to detect sounds, and this ability is 

reflected in measurements of absolute thresholds of hearing. Although dif-

ferent methods have been used, most empirical evidence indicates that blind 

and sighted individuals do not differ on this task (Benedetti & Loeb, 1972 

experiment 2 but not experiment 1; Collignon & De Volder, 2009; Collignon 

et al., 2006; Nilsson & Schenkman, 2016). These findings suggest that de-

spite blind individuals’ dependence on audition, blindness-induced changes 

do not lead to better ability to detect sounds. 

Sound discrimination 

In contrast to absolute thresholds of hearing, blind individuals have dis-

played better sound discrimination ability than sighted for various auditory 

attributes (Hötting & Röder, 2009), such as pitch (Gougoux et al., 2004; 



30 

Wan et al., 2010) and timbre (Wan et al., 2010). For example, Wan et al. 

(2010) showed better pitch discrimination and pitch/timbre categorization in 

blind individuals, but only in groups of congenitally and early blind partici-

pants and not in the late blind. These findings suggest that effects of blind-

ness were modulated by the onset age of blindness. The behavioral differ-

ences between the blind and sighted were proposed to be related to cross-

modal plasticity in occipital brain areas, although this was not tested in this 

particular study.  

 

Furthermore, better discrimination ability in blind individuals has also been 

demonstrated for more complex sounds, such as speech (Muchnik, Efrati, 

Nemeth, Malin, & Hildesheimer, 1991; Niemeyer & Starlinger, 1981), alt-

hough it is not yet determined whether such a group difference concerns 

only a noisy sound environment (Muchnik et al., 1991) or both noisy and 

silent ones (Niemeyer & Starlinger, 1981). Blind individuals’ dependence on 

audition and general training in listening are factors suggested to explain 

their advantage in auditory discrimination (Muchnik et al., 1991). However, 

Smeds (2015) tested early blind, late blind, and sighted native and non-

native speakers on four different tests of speech perception in white noise 

and babble noise and found evidence of group differences for one of the tests 

only: speech perception of sentences in white noise, for which early blind 

native speakers performed better than that of late blind and sighted native 

speakers.  

Sound identification 

Identification of objects is an important function for understanding and in-

teracting with the environment. In situations in which the object is farther 

away and cannot be identified by touch, blind individuals may attend more 

to auditory information than do the sighted. However, few studies have in-

vestigated sound identification ability in blind individuals. Wakefield et al. 

(2004) studied the identification of environmental sounds and found better 

performance in early blind than sighted children, but only in a condition in 

which white noise had been added to the sounds. These findings are in line 

with those of Muchnik et al. (1991) concerning speech discrimination, noted 

above, and suggest that enhanced performance may have been related to 

attentional or perceptual abilities. Nevertheless, the evidence is scarce, and it 

is unclear whether blind and sighted adults would display the same pattern of 

results as did the children in this specific study.  

Episodic memory for sounds 

As with sound identification, few studies have examined episodic memory 

for sounds. Röder and Rösler (2003) studied memory for environmental 

sounds in congenitally blind, late blind, and sighted participants. Half of 

each group engaged in physical encoding (i.e., the sounds were rated for 
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harshness/softness), whereas the other half engaged in semantic encoding 

(i.e., the sounds were named). In general, congenitally blind, but not late 

blind, displayed better recognition than did sighted, and memory was better 

for semantic than physical encoding in all groups. It should be noted, how-

ever, that when matched for age, even the late blind performed significantly 

better than did the sighted. Furthermore, false memory rates for distractors 

that were conceptually similar to the encoded targets were lower for the 

physical than semantic encoding, but only in the blind groups. The authors 

interpreted these findings as evidence that the blind individuals were able to 

attend to specific acoustic features of the sounds, which enhanced their 

memory. This finding of better auditory memory in blind individuals dif-

fered from the results of Cobb, Lawrence, and Nelson (1979), who found 

that congenitally blind and sighted participants displayed similar recognition 

performance. It should be noted, though, that episodic recognition in this 

study was tested after a 7-day retention interval, whereas Röder and Rösler 

(2003) used a short retention interval consisting of a distraction task between 

encoding and the recognition test. In conclusion, although the evidence is 

weak, there are indications that blindness may be related to better episodic 

memory for sounds.  

Episodic memory for auditorily presented verbal material 

Episodic memory for auditorily presented verbal material has been more 

studied than has the memory for sounds per se. Although episodic verbal 

memory is not studied in this thesis, it provides an interesting comparison. 

For example, several studies have reported better episodic memory for words 

in blind than sighted individuals (Amedi et al., 2003; Occelli, Lacey, Ste-

phens, & Sathian, 2016; Röder, Rösler, & Neville, 2001), but also better 

short-term verbal memory in the blind (Pasqualotto, Lam, & Proulx, 2013; 

Raz, Striem, Pundak, Orlov, & Zohary, 2007; Rokem & Ahissar, 2009; 

Smeds, 2015). For example, Amedi et al. (2003) demonstrated that the epi-

sodic recognition of words and non-words was better in blind than sighted 

individuals six months after encoding. Additionally, both this study and a 

follow-up study with only the blind participants one year later (Raz et al., 

2005) demonstrated that activation in occipital brain areas was related to 

long-term memory performance in blind individuals. Occelli et al. (2016) 

demonstrated that blind individuals not only had better episodic memory for 

words but also better verbal fluency, a task that targets semantic memory. It 

was suggested that blind individuals may rely more on verbal information 

than do the sighted in everyday life, for example, when having to memorize 

directions for how to get to places. 
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Olfaction 

There is considerably less research into olfactory than auditory functions in 

blind individuals. Nevertheless, there is some overlap in the types of func-

tions that have been studied, such as absolute detection thresholds, discrimi-

nation, and identification. Episodic odor memory in blind individuals has 

been almost totally neglected in previous research. One may hypothesize that 

if blindness had a more general impact on non-visual abilities, for instance, 

through training and attention, differences between the blind and sighted 

might be expected in this sensory modality as well. In general, the empirical 

findings are relatively contradictory (Kupers & Ptito, 2014).  

 

It has been suggested that basic perceptual versus cognitively more complex 

olfactory functions are differentially affected by blindness (Frasnelli et al., 

2011; Rosenbluth, Grossman, & Kaitz, 2000). In contrast to auditory re-

search, it is more common in olfactory studies to assess both basic perceptu-

al and cognitive functions, such as absolute threshold and identification 

(Beaulieu-Lefebvre et al., 2011; Sorokowska, 2016). It should be noted that 

identification ability may be assessed using both free and cued identification 

tasks, with the latter being less cognitively demanding because of provided 

label alternatives. Although there is mixed evidence, most studies assessing 

both absolute thresholds and identification ability have not found any group 

differences in any of the tasks (e.g., Guducu, Oniz, Ikiz, & Ozgoren, 2016; 

Rosenbluth et al., 2000). A few studies have found similar thresholds for 

blind and sighted, but better free identification in blind participants (Rosen-

bluth et al., 2000; Wakefield et al., 2004), which suggests that the influence 

of blindness on olfactory abilities may vary as a function of the complexity 

of the task.  

 

It should be noted that most olfactory studies in blind individuals have not 

investigated the influence of onset age of blindness (but see Çomoğlu et al., 

2015; Sorokowska, 2016). Typically, the blind participant sample has con-

sisted of a mix of congenitally and early blind individuals, and in some stud-

ies also the late blind (Luers et al., 2014; Murphy & Cain, 1986; Smith, 

Doty, Burlingame, & McKeown, 1993). Some of the studies have also in-

cluded legally blind individuals in the sample of blind individuals (Luers et 

al., 2014; Murphy & Cain, 1986; Smith et al., 1993; Wakefield et al., 2004). 

Including blind participants with mixed onset ages limits the interpretation 

of the results, since studies in other sensory modalities have indicated that 

this factor may influence performance in blind individuals (e.g., Wan et al., 

2010). 
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Absolute odor threshold 

Detection of odors is one of the most basic and sensory-driven olfactory 

tasks (Frasnelli et al., 2010; Hedner et al., 2010). The question of whether 

blindness may influence absolute thresholds of odor detection has been ad-

dressed in several studies, and in line with research into absolute thresholds 

of hearing, most studies find a similar ability to detect odors in blind and 

sighted individuals (e.g., Luers et al., 2014; Smith et al., 1993; Sorokowska, 

2016). However, the evidence is uncertain, since some studies have demon-

strated that some blind individuals display lower (e.g., Beaulieu-Lefebvre et 

al., 2011; Çomoğlu et al., 2015) and others higher thresholds (Murphy & 

Cain, 1986) than do the sighted. The inconsistent findings across studies may 

be related to small sample sizes (Luers et al., 2014; Sorokowska, 2016) and 

to differences in the characteristics of the blind participants (e.g., degree of 

visual impairment). A recent meta-analysis indicates that the average differ-

ence between blind and sighted in odor thresholds is very small and statisti-

cally non-significant (Sorokowska, Sorokowski, Karwowski, Larsson, & 

Hummel, 2018). 

 

In a neuroimaging study, Kupers et al. (2011) examined whether blind and 

sighted subjects differed in how odors are processed in the brain by using an 

odor detection task (at a single concentration level). Although congenitally 

blind and sighted individuals displayed similar abilities to detect odors, there 

were several differences between them in how the odors were processed. For 

example, blind individuals displayed stronger activation in the occipital cor-

tex than did the sighted during the task, in line with the results of other stud-

ies indicating that occipital areas have a multimodal function in blind indi-

viduals.  

Odor discrimination 

There are conflicting findings regarding differences between blind and sight-

ed individuals in odor discrimination ability. Here, the typical task is to dis-

criminate among odors with qualitatively different smells. This task is not 

only dependent on basic sensory function but also involves higher-order 

cognitive processes (e.g., Hedner et al., 2010; Savic, Gulyas, Larsson, & 

Roland, 2000). Whereas some studies have found similar performance in the 

blind and sighted (e.g., Beaulieu-Lefebvre et al., 2011; Manescu et al., 2018; 

Smith et al., 1993), others have observed better (e.g., Çomoğlu et al., 2015; 

Cuevas et al., 2009) or worse (Luers et al., 2014) performance in the blind. 

In studies in which blind have performed better than sighted participants, 

more attention and more efficient processing of odors have been proposed as 

potential explanations for their advantage (Cuevas et al., 2009). Furthermore, 

Smith et al. (1993) demonstrated that blind and legally blind individuals did 

not differ from normal, sighted individuals in odor discrimination perfor-
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mance, whereas olfactory- and gustatory-trained sighted individuals (i.e., 

panel members who evaluate water quality) performed better than both of 

the other groups. Hence, the training in olfaction and taste in these individu-

als presumably resulted in enhanced discrimination performance, whereas 

blindness did not seem to induce such training effects. To conclude, because 

of contradictory findings across studies, the empirical evidence is inconclu-

sive regarding the potential influence of blindness on odor discrimination. 

However, a meta-analysis indicates that there is no statistically significant 

difference between blind and sighted individuals in discrimination ability 

after correcting for potential publication bias (Sorokowska et al., 2018). 

Odor identification 

Identification of the sources of odors (e.g., “lemon”) is generally a difficult 

task, particularly when label alternatives are not provided (Larsson, 1997; 

Richardson & Zucco, 1989). Identification ability has been found to corre-

late with other olfactory functions, such as absolute threshold and discrimi-

nation, but also with more general cognitive functions, such as semantic 

memory (Dulay, Gesteland, Shear, Ritchey, & Frank, 2008; Hedner et al., 

2010). The empirical evidence of a potential influence of blindness on odor 

identification appears to be somewhat more consistent than that regarding 

discrimination. Most studies of free identification have found a greater abil-

ity in blind than sighted individuals (Cuevas et al., 2009; Murphy & Cain, 

1986; Wakefield et al., 2004; but see Sorokowska, 2016). For example, 

Wakefield et al. (2004) demonstrated that early blind children had better 

identification ability than did sighted children despite similar detection 

thresholds. The authors considered their findings evidence of cognitive but 

not sensory compensation by blind individuals. Well-developed identifica-

tion ability may be of importance in identifying not only foods, but also oth-

er objects, places, and people. 

 

Unlike the free odor identification task, most studies have not demonstrated 

any advantage for blind individuals in cued identification (Cuevas et al., 

2010, 2009; Smith et al., 1993). Cuevas et al. (2009) demonstrated a clearly 

reduced and not statistically significant advantage for blind over sighted 

individuals in cued identification compared with free identification, which 

was suggested to be related to the fact that the latter is a more complex task 

(Cuevas et al., 2009). However, a study of a relatively large sample of early 

blind, late blind, and sighted participants found that neither cued nor free 

identification ability differed between the groups (Sorokowska, 2016). 

Moreover, in line with the meta-analysis on discrimination ability noted 

above, previously reported differences in free identification between blind 

and sighted individuals seem to be related to publication bias (Sorokowska et 

al., 2018).  
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Episodic memory for odors 

Episodic odor memory is a higher-order cognitive function, which has been 

demonstrated to activate a broad network of brain regions, including the 

primary olfactory cortex, medial temporal, prefrontal, and posterior parietal 

brain regions (Meunier et al., 2014; Royet et al., 2011; Saive, Royet, & Plail-

ly, 2014; Savic et al., 2000). A recognition test is typically used to assess 

episodic odor memory, since recall would require the odors to be identified 

first, which is difficult. Next to nothing is known about episodic odor 

memory in blind individuals, although Diekmann et al. (1994) reported that 

visually impaired and sighted participants did not differ on this task. Diek-

mann et al. (1994) used the Munich Olfaction Test (MOT), which comprises 

an episodic recognition test of eight odors, four of which were implicitly 

encoded during a previous test of odor discrimination and another four were 

distractors. It should be noted that the data provided in the article is limited 

and that memory performance was based on only a few items. Hence, the 

evidence is uncertain regarding a potential influence of blindness on episodic 

memory for odors. 

Metacognition 

There are generally few studies of metacognitive abilities in blind individu-

als, and most of them seem to focus on whether blind or visually impaired 

individuals use different strategies from those of sighted in memory-related 

everyday tasks (Wyver & Markham, 1998) or spatial imaging tasks (Iachini 

& Ruggiero, 2010; Schmidt, Tinti, Fantino, Mammarella, & Cornoldi, 2013). 

Wyver and Markham (1998) demonstrated that knowledge of one’s own 

metamemory processes was similar in visually impaired and sighted chil-

dren. Furthermore, Schmidt et al. (2013) compared the strategies used by 

congenitally blind and sighted individuals in a spatial imagery task in which 

environments were imagined based on verbal descriptions. They demonstrat-

ed that blind individuals were less proficient than were the sighted, and that, 

based on the participants’ reports, blind individuals preferred a verbal over a 

mental imagery strategy.  

 

Although asking participants about cognitive strategies may give insight into 

their metacognitive abilities, metamemory judgments, such as judgments of 

learning (JOLs), are needed to know how accurate individuals are at evaluat-

ing or monitoring their own learning. The question of whether blind and 

sighted individuals differ in this type of metacognitive ability has not been 

addressed in previous research.   
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Imagery 

Research into imagery has traditionally focused on the visual modality, that 

is, the ability to form visual mental images. However, both sighted and blind 

individuals engage in imagery in other sensory modalities, for instance, in 

audition and touch (Renzi, Cattaneo, Vecchi, & Cornoldi, 2013). Imagery of 

chemosensory information, such as odors, has to the best of my knowledge 

not been studied in blind individuals. As noted above, mental imagery is 

involved in and even required for many cognitive tasks, both spatial and 

memory-related ones (Renzi et al., 2013). In mental rotation tasks with tac-

tile 3D objects, early blind individuals have displayed the same typical pat-

tern as have late blind and sighted, in which reaction times increase linearly 

as the angular discrepancy increases (e.g., Marmor & Zaback, 1976). Despite 

this, Marmor and Zaback (1976) found that early blind individuals made 

more errors and took longer than did sighted or late blind individuals. Alt-

hough all groups preferred a mental rotation strategy to a verbal strategy 

when comparing the 3D-objects, the authors concluded that visual images 

generated by sighted and late blind individuals must have been easier to ma-

nipulate than the haptic images presumably generated by the early blind. 

 

Regarding the relationship between imagery and memory, an autobiograph-

ical memory (AM) study in which the participants rated the vividness of the 

visual, auditory, and spatial contents of the retrieved memories demonstrated 

that early blind participants had higher auditory imagery ratings but similar 

visual and spatial imagery as compared with the sighted (Tekcan et al., 

2015). Although the similar ratings for visual imagery in blind and sighted 

participants were unexpected, the authors suggested that this does not neces-

sarily imply that the groups had similar subjective experiences. Another AM 

study demonstrated that both blind and sighted individuals retrieved more 

AMs when cued with high-imagery words than abstract words (Eardley & 

Pring, 2006), an effect that was demonstrated for high-imagery visual, audi-

tory, and tactile words. These findings indicate that imagery is important for 

AM retrieval in both blind and sighted individuals. Similarly, verbal episodic 

memory studies have demonstrated that both blind and sighted individuals 

have better memory for high-imagery than low-imagery words (e.g., Jonides, 

Kahn, & Rozin, 1975; Paivio & Okovita, 1971). Paivio and Okovita (1971) 

found that memory in blind individuals was better for word pairs with high-

auditory-imagery words than high-visual-imagery words, whereas the sight-

ed benefited more from high-visual-imagery than high-auditory-imagery 

words. This indicates that the mnemonic effects of imagery differ somewhat 

between blind and sighted subjects.  

 

Together, these findings suggest that mental imagery is involved in many 

cognitive tasks in both blind and sighted individuals. Moreover, sound im-
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agery may play a particularly important role in memory retrieval in blind 

individuals. Although Tekcan et al. (2015) found higher auditory imagery of 

AM content in blind individuals, it is unknown whether blindness influences 

a more general ability to imagine sounds as well as other non-visual stimuli, 

such as odors. 

Autobiographical memory  

In general, there are few studies of AM in blind individuals. Nevertheless, 

different aspects of AM have been studied, such as imagery of the content 

(as noted above) and how easily memories are retrieved. Some studies have 

applied the Galton–Crovitz method, by using verbal cues (Eardley & Pring, 

2006; Tekcan et al., 2015). For example, Tekcan et al. (2015) presented early 

blind and sighted participants with a number of medium- and high-frequency 

words and asked them to report the first memory that came to mind. Sighted 

participants retrieved more AMs than did the early blind, and this was sug-

gested to be related to the role played by visual imagery in AM encoding 

and/or retrieval. However, the results should be interpreted with some cau-

tion because in cases in which the participants did not retrieve any memory, 

they were presented with the same word again or even a new one. Neverthe-

less, a similar finding was obtained by Eardley and Pring (2006; see also 

Goddard & Pring, 2001), who presented early blind and sighted participants 

with high-imagery visual, tactile, and auditory words, respectively, as well 

as abstract words. The higher number of memories in sighted participants 

was true for all word categories, although not statistically significant for the 

tactile words. Moreover, the sensory modality of the high-imagery words did 

not matter for any of the groups with regard to the number of memories gen-

erated. However, it is important to note that although the high-imagery 

words had been chosen to be highly imageable in the visual, tactile, and au-

ditory modalities, they were still verbal cues that may have been associated 

with experiences in other modalities as well. The presentation of perceptual 

memory cues, such as real sounds, might have had a different effect on AM 

retrieval. The authors noted that it was, for example, possible for a high-

visual cue word such as “sunset” to evoke memories in the blind individuals 

that consisted of mental images in other sensory modalities, such as touch or 

kinesthesia. 

 

In conclusion, the evidence is scarce regarding potential differences in AM 

between blind and sighted subjects. Additionally, since only word cues have 

been used in previous research, it is unclear whether the same findings 

would be obtained using nonverbal perceptual stimuli, such as sounds and 

odors. It is possible that everyday experiences and great attention to non-

visual information in blind individuals change their AM retrieval when 

evoked by perceptual cues. 
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Aims of the thesis 

The overall aim of this thesis was to investigate whether there are differ-

ences between blind and sighted individuals in auditory and olfactory per-

ceptual and cognitive functions, with an emphasis on memory functions. The 

following specific aims were addressed: 

 

 

1. Examine whether the potential influence of blindness on perceptual and 

cognitive functions would differ between sensory modalities (i.e., audi-

tion and olfaction). 

(Studies I–III) 

 

2. Examine whether the potential influence of blindness on auditory and 

olfactory perceptual and cognitive functions would depend on the onset 

age of blindness (i.e., early blind vs. late blind subjects).  

(Studies I–II) 

 

3. Examine whether the potential influence of blindness on auditory and 

olfactory perceptual and cognitive functions would depend on the com-

plexity and type of task (i.e., absolute threshold, discrimination, identifi-

cation, episodic recognition after a short retention interval, metacogni-

tive ability, and imagery). 

(Study I) 

 

4. Examine whether blindness influences auditory and olfactory episodic 

recognition after a long retention interval and, consequently, whether 

the length of the retention interval (i.e., short vs. long) would modulate 

the influence of blindness on memory.  

(Study II) 

 

5. Examine whether blindness influences sound- and odor-evoked autobio-

graphical memories, more specifically, whether blindness affects the (a) 

reminiscence bump and (b) number of retrieved memories. 

(Study III) 
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Methods 

Study samples 

In Studies I−II, the same early blind, late blind, and age and sex matched 

sighted individuals participated (with the exception of three dropouts in 

Study II). The participants had to be between 18 and 75 years of age. The 

early blind participants were either congenitally blind or had become blind in 

early childhood (i.e., below 2 years of age), whereas all but one of the late 

blind participants became blind in adulthood (one participant became blind 

in adolescence). The blind participants in Study I were either totally blind (n 

= 12; 6 early blind, 6 late blind) or had residual vision (n = 18; 9 early blind, 

9 late blind), although all reported having visual acuity below 0.05. In Study 

II, 11 participants were totally blind (6 early blind, 5 late blind) and 16 had 

residual vision (8 early blind, 8 late blind).  

 

In Study III, early blind and age and sex matched sighted individuals partici-

pated. The participants had to be older than 45 years of age, and all but one 

participant fulfilled that (one participant was 44 years old). The early blind 

participants were either congenitally blind or had become blind in early 

childhood (i.e., below 3 years old). The age limit for the onset of blindness 

was set slightly later in this study than in Studies I–II to increase the sample 

size. The early blind participants were either totally blind (n = 20) or had 

residual vision (n = 11), although all reported having visual acuity below 

0.05.  

 

In Studies I−III, severe hearing loss and impairment of the sense of smell 

were exclusion criteria, as well as severe visual impairment for the sighted 

participants. In Study III, neurological disorder was an additional exclusion 

criterion. These eligibility decisions were based on self-reports from the 

potential participants. 

Ethical approval 

Studies I−III were approved by the Regional Ethical Review Board in 

Stockholm (2015/369-31/4), and all participants provided written informed 

consent before participation. 
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Preregistration 

Study III was preregistered at the Open Science Framework (osf.io/9rxgn). 

Auditory and olfactory tasks 

The following analogous auditory and olfactory tasks targeting perceptual 

and cognitive functions were selected: absolute thresholds, discrimination, 

identification, episodic recognition, metacognitive ability, imagery, and au-

tobiographical memory.  

Absolute threshold 

Absolute thresholds of hearing 

The hearing was tested by using the Interacoustic Diagnostic Audiometer 

(model AD226). The participant was presented with a number of pure tones 

in earphones that varied in frequency and instructed to press a button as soon 

as a tone was detected (presented either in the left or right ear). As a measure 

of absolute auditory threshold, the pure-tone average (PTA) was calculated 

across the left and right ears for the frequencies 0.5, 1, 2, and 4 kHz 

(Schenkman & Nilsson, 2010). The lower decibel (dB) value, the better 

hearing.  

 

Absolute odor threshold 

There are different procedures for assessing the absolute or detection thresh-

olds for odors (Doty & Laing, 2015). We used the single staircase procedure 

of the standardized Sniffin’ Sticks test with n-butanol (Hummel, Sekinger, 

Wolf, Pauli, & Kobal, 1997). The test comprises 16 levels of n-butanol dilu-

tions (1–16). There are three odor pens at each level; one that contains the n-

butanol dilution whereas the other two contain the solvent (blank). With a 

three-alternative forced choice, the task is to select the pen that contains an 

odor. First, it was made sure that the participant could smell the highest odor 

concentration (dilution level 1), and then the threshold test was initiated at 

dilution level 12. It should be noted that the common procedure is to start at 

level 15 or 16, but because of the relatively old ages in this study sample we 

started at level 12 to be more efficient. If detection did not succeed at this 

level, the dilution level was decreased with two steps at a time (12, 10, 8 

etc.) until the participant made two correct responses in a row. This reversed 

the staircase and pens at a higher dilution step were presented. The individu-

al threshold was defined as the mean of the last four of seven reversals.  
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Discrimination 

Sound discrimination 

To mimic the odor discrimination test (below), which involves discrimina-

tion of perceived character of odors using an oddball paradigm, we devel-

oped an analogous test of discrimination of perceived character (or timbre) 

of sounds. A number of complex tones with slightly different harmonic-

amplitude patterns were presented. In 32 trials, three consecutive tones were 

presented; of which two were identical and one slightly different. Perceptual-

ly, the tones differed in timbre, but were all of equal loudness and pitch. 

With a three-alternative forced choice, the task was to decide which of the 

tones that was different from the other two. Each tone lasted for 400 milli-

seconds, including 30 milliseconds fade in and out. The tones were presented 

diotically in earphones at an overall sound pressure level (SPL) of 80 dBA. 

Discrimination performance was defined as the number of correct responses 

(maximum = 32). 

 

Odor discrimination 

The standardized Sniffin’ Sticks odor discrimination test was used to assess 

the ability to discriminate between qualitatively different odors (Hummel et 

al., 1997). The test comprises 16 triplets of odor pens, where two contain the 

same odor and the third a different one. With a three-alternative forced 

choice, the task is to select the odor that smells different. Discrimination 

performance was defined as the number of correct responses (maximum = 

16). 

Identification 

Sound identification 

In the identification test, the participant was presented with a number of 

environmental sounds and asked what they sounded like. Identification was 

assessed relative to the auditory recognition test (below), and hence for the 

same sounds. However, performance was based on only half of the stimulus 

set (i.e., 30 high familiar sounds) in order to make the task congruent with 

the odor identification task, where only high familiar odors could be ana-

lyzed. The sounds were selected from various sound databases (BBC Sound 

Effects Library- Original Series, Freesound: www.freesound.org, and 

SoundBible: www.soundbible.com) and a previous study (Marcell, Borella, 

Greene, Kerr, & Rogers, 2000). All sounds were set to 2–3 seconds in length 

and converted to stereo in cases if the original was monaural. Identification 

performance was defined as the number of correct responses (maximum = 

30). 
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Odor identification 

Odor identification ability was assessed relative to the olfactory recognition 

task (below) and the participant was asked what a number of odors smelled 

like (i.e., free identification). As noted above, performance was based on the 

set of high familiar odors only, and this was because the low familiar odors 

had been specifically selected for the episodic memory task to be very hard 

to identify (most of them only had chemical names). Most of the odors in the 

identification test pertained to the Sniffin’ Sticks identification tests (Hum-

mel et al., 1997), and identification performance was defined as the number 

of correct responses (maximum = 12). 

Episodic recognition 

Episodic memory was measured with auditory and olfactory recognition 

tests. At encoding, the participant was asked to try to remember a number of 

stimuli (sounds and odors, respectively) and at the recognition test, the same 

stimuli (targets) were presented again but intermixed with the same number 

of new stimuli (distractors). For each stimulus, the task was to decide wheth-

er it had been presented previously or not (yes/no). Recognition performance 

was indexed by d' (see Analyses below).  

 

Please note that in Study I, the recognition tests followed after a short dis-

traction task (approximately 8–9 minutes). In Study II, the same participants 

were retested for their memory of the same targets, but this time different 

distractors were used.  

 

Recognition of sounds 

At encoding, the participant listened to 30 environmental sounds (15 high 

familiar, 15 low familiar) and at the recognition test all targets intermixed 

with 30 distractors (15 high familiar, 15 low familiar) were presented. For 

each sound, the participant was asked to judge whether or not it was present-

ed previously (yes/no). As noted above, the sounds originated from sound 

databases and were 2–3 seconds in length. The categorization of high and 

low familiar sounds was based on pilot studies.  

 

Recognition of odors 

The participant encoded 12 odors (6 high familiar, 6 low familiar) followed 

by a recognition test with all targets intermixed with 12 distractors (6 high 

familiar, 6 low familiar). For each odor, the task was to judge whether or not 

it was smelled previously (yes/no). As noted above, most high familiar odors 

belonged to the Sniffin’ Sticks identification tests (Hummel et al., 1997). 

Most of the low familiar odors were single molecules and the selection was 

based on previous studies (Cornell Kärnekull, Jönsson, Willander, Sikström, 
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& Larsson, 2015) and pilot studies. All odors were presented in felt-tip pens. 

Metacognitive ability  

The metacognitive task consisted of making judgments of learning (JOL; 

Koriat et al., 2004) by predicting one’s own future episodic memory perfor-

mance. This was carried out directly after the encoding session of the episod-

ic recognition task. Specifically, the participant was asked to estimate the 

percentage of encoded stimuli that he/she thought would be remembered at 

the memory test (i.e., an aggregated judgment). Metacognitive ability was 

operationalized as the strength of the correlation between the estimate and 

actual memory performance (i.e., the stronger positive correlation, the better 

metacognitive ability).  

Imagery 

Volitional imagery ability for odors and sounds was assessed using two dif-

ferent questionnaires, described below. 

 

Sound imagery 

The “Clarity of Auditory Imagery Scale” (CAIS; Willander & Baraldi, 2010) 

was used to assess sound imagery ability. The CAIS consists of 16 items 

pertaining to objects or activities (e.g., a clock ticking), of which the partici-

pant is asked to mentally imagine the sound. Clarity is rated on a 5-point 

scale with verbal labels on the endpoints (1 = very clear, 5 = not at all). 

 

Odor imagery 

The “Vividness of Olfactory Imagery Questionnaire” (Gilbert et al., 1998), 

translated into Swedish, was used to measure odor imagery. The VOIQ con-

sists of 16 items pertaining to four different scenarios with four objects each, 

of which the participant is asked to mentally imagine the odors. For exam-

ple, the first scenario is: “Think of a time when you really need to take a bath 

or shower – your clothes are smelly and you need to wash your hair”, with 

the first object being ”The smell of your shirt or blouse when you remove 

it”. Vividness was rated on a 5-point scale (1 = no odor at all, you only 

‘know’ you are thinking of an odor, 2 = vague and dim, 3 = moderately real-

istic and vivid, 4 = realistic and reasonably vivid, 5 = perfectly realistic and 

as vivid as the actual odor). Compared to the original scale, this scale is re-

versed.  

Autobiographical memory 

Autobiographical memory (AM) was examined with the Galton–Crovitz 

method (Rubin, 2005), by presenting sound and odor cues on two separate 
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occasions, approximately 2 weeks apart. On each testing occasion, the par-

ticipant was presented with 15 cues and asked to try to retrieve a specific 

AM for each one of them. For each cue, 30 seconds were allowed for 

memory retrieval (Willander et al., 2015). During this time, the participant 

could smell/listen to the stimulus as much as wanted. If a specific memory 

was generated, it was described in as much detail as possible. A specific 

memory was defined as memory of an event that had taken place on a certain 

occasion and during a restricted time period (e.g., seconds, minutes, or 

hours). If the event had occurred several times, the participant was asked to 

choose one of the occasions. In the second occasion, when the memory re-

trieval session was completed, the participant was asked to report at what 

age each of the retrieved memories occurred. To examine reminiscence 

bumps of AMs, age distributions were created for sound- and odor-evoked 

AMs separately (see Analyses below). Additionally, the number of retrieved 

AMs was analyzed for potential differences between groups and sensory 

modalities.  

 

A total of 30 sound and 30 odor cues were used, and for each sound there 

was a congruent odor such that the pair of stimuli represented the same 

source (e.g., the sound of walking in a pine forest and the smell of pine). 

However, note that the participant was presented with incongruent sounds (n 

= 15) and odors (n = 15) at the two testing occasions. 

 

Sound cues 

The auditory cues consisted of 15 familiar environmental sounds (e.g., the 

sounds of eating an apple, a dentist drill, and a fire in a fireplace). The 

sounds were selected from various sources, such as sound databases (BBC 

Sound Effects Library- Original Series, UK, Freesound: www.freesound.org, 

SOUND JAY: www.soundjay.com), a previous study (Willander et al., 

2015), and in-house recordings produced in the lab. The sounds were 6−30 

seconds in length. For sounds shorter than 30 seconds, the participant could 

replay the sound, but the total presentation time never exceeded 30 seconds.  

 

Odor cues 

The olfactory cues consisted of 15 familiar odors, most of which came from 

non-synthetic origin (e.g., the smells of roasted toast, red wine, pine oil). The 

selection of stimuli was based on previous studies (e.g., Willander et al., 

2015), but we also had to consider that olfactory and auditory cues had to be 

congruent. During the time for memory retrieval, the participant held the jar 

him/herself and was able to smell the odor as much as wanted during the 30 

seconds. The odors were kept in non-translucent glass jars and covered with 

a cotton pad to prevent visual inspection.  
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Analyses  

Episodic recognition 

Episodic recognition performance was indexed by d' (d-prime), which is an 

unbiased measure of sensitivity (Macmillan & Creelman, 2005). In recogni-

tion tasks, d' reflects the ability to discriminate between targets and distrac-

tors. In the signal detection theory model, d' is defined as the difference be-

tween z-transformed proportions of hits (H) and false alarms (FA); [d' = 

z(H)–z(FA), where z(x) is the inverse standard normal cumulative distribu-

tion function] (Macmillan & Creelman, 2005). In memory experiments, hits 

are correctly recognized targets and false alarms are falsely recognized dis-

tractors. To exemplify, a d' value of zero reflects inability to discriminate 

between targets and distractors, that is, performance at chance level. Positive 

d' values reflect more hits than false alarms, whereas negative values reflect 

more false alarms than hits. For the calculation of d', hit and false alarm pro-

portions of 1 and 0 were adjusted to 1–1/(2N) and 1/(2N), respectively, 

where N is number of trials (Macmillan & Creelman, 2005).  

Autobiographical memory 

Reminiscence bumps of autobiographical memories (AMs) were examined 

by creating distributions with proportions of AMs as a function of the age at 

which events took place (Koppel & Berntsen, 2015). A common procedure 

is to divide the lifespan into 5- or 10-year intervals. The reminiscence bump 

is reflected by a peak of AMs in a certain age interval. 

 

In this thesis, AM distributions were analyzed separately for sound- and 

odor-evoked AMs in blind and sighted participants, respectively. The distri-

butions were created by calculating proportions for each participant and 10-

year interval, by dividing the number of memories for a specific interval by 

the total number of memories for the participant. Then, mean proportions 

across participants were calculated for each age interval. It should be noted 

that because the age varied considerably across participants (i.e., 44−71 

years), the analyses of age distributions (but also on the number of retrieved 

AMs) were based on the first four age intervals only (i.e., 0–10, 11–20, 21–

30, and 31–40 years). In this way, all participants could theoretically con-

tribute data for each age interval. 

 

Performing separate analyses of the age distributions of AMs for each senso-

ry modality and group was motivated by the fact that the locations of the 

reminiscence bumps were of primary interest, and not whether the general 

age distribution patterns differ between sensory modalities and groups. To 



46 

exemplify, interaction effects in a factorial design, for example between 

group and age interval, might arise despite the bumps being located in the 

same age interval. 



47 

Summary of studies 

Study I 

Cornell Kärnekull, S., Arshamian, A., Nilsson, M. E., & Larsson, M. (2016). 

From perception to metacognition: Auditory and olfactory functions in early 

blind, late blind, and sighted individuals. Frontiers in Psychology, 7, 1450. 

https://doi.org/10.3389/fpsyg.2016.01450  

Aim 

The aim was to examine whether the potential influence of blindness on 

auditory and olfactory cognitive and perceptual functions would depend on: 

 

a) the sensory modality (i.e., audition and olfaction) 

b) the complexity and type of task (i.e., absolute threshold, discrimination, 

identification, episodic recognition after a short retention interval, meta-

cognitive ability, and imagery) 

c) the onset age of blindness (i.e., early blind vs. late blind) 

Background 

Although evidence is mixed, research suggests that blindness may lead to 

enhanced perceptual and cognitive abilities in the auditory (Hötting & 

Röder, 2009) and olfactory (Kupers & Ptito, 2014) senses. Studies using 

analogous tasks for different senses are rare but nevertheless important for 

drawing conclusions about how generalizable the effects of blindness are. In 

this study, one of the most studied sense with regard to blindness, audition, 

and one of the least, olfaction, were examined. 

Auditory research indicates that blindness does not affect certain basic 

perceptual functions, such as thresholds of hearing (e.g., Hötting & Röder, 

2009; Nilsson & Schenkman, 2016), but that it may enhance performance on 

more cognitively complex tasks, such as discrimination of auditory attributes 

(Kupers & Ptito, 2014) and episodic memory (Röder & Rösler, 2003). 

Moreover, previous findings of enhanced auditory abilities in congenitally 

and early blind individuals but not in the late blind suggest that the onset age 

of blindness may be of importance (Gougoux et al., 2004; Röder & Rösler, 

2003; Wan et al., 2010). There is considerably less research into the potential 
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effects of blindness on olfactory functions, and the evidence is inconsistent, 

for instance regarding absolute thresholds (e.g., Çomoğlu et al., 2015; Luers 

et al., 2014; Murphy & Cain, 1986) and discrimination ability (e.g., Cuevas 

et al., 2009; Smith et al., 1993). However, there is more consistent evidence 

of better free odor identification performance in blind than sighted individu-

als, which is a cognitively more complex task (Rombaux et al., 2010; Wake-

field et al., 2004; but see Sorokowska, 2016). In contrast, episodic odor 

memory has been almost entirely neglected in previous research. Hence, as 

previous research in audition and olfaction have shown that effects of blind-

ness may vary across different functions, this study included a range of anal-

ogous auditory and olfactory tasks that varied in cognitive complexity: abso-

lute thresholds, discrimination, identification, episodic recognition, meta-

cognition (i.e., judgments of learning), and imagery ability. Metacognitive 

judgments of future episodic memory performance and olfactory imagery 

ability had, to the best of my knowledge, not been studied in blind individu-

als before. 

Method 

Fifteen early blind (M = 52.5 years, 10 women and 5 men), 15 late blind (M 

= 58.5 years, 12 women and 3 men), and 30 age and sex matched sighted (M 

= 55.2 years, 22 women and 8 men) individuals participated in the study. In 

the recognition tasks, the participant encoded 30 environmental sounds and 

12 odors, respectively, half of which were selected to be high familiar and 

half low familiar. After a filler task, memory was tested (i.e., retention inter-

val of approximately 8−9 minutes). Familiarity and identifiability are factors 

that typically influence episodic memory performance, both for sounds (e.g., 

Bartlett, 1977; Bower & Holyoak, 1973) and odors (Cornell Kärnekull et al., 

2015; Rabin & Cain, 1984). However, as this factor did not interact with 

group (early blind, late blind, sighted), the results of recognition perfor-

mance is collapsed across familiarity (i.e., low familiar and high familiar 

stimuli). Identification was analyzed for high familiar stimuli only. 

Results 

Absolute threshold, discrimination, identification, and episodic recognition 

performance is presented in Figure 1 A–H. Early blind participants showed 

better episodic recognition of environmental sounds than sighted, and alt-

hough the late blind participants displayed more similar performance to that 

of sighted, they did not differ significantly from any of the other groups 

(Figure 1 H). There were no substantial group differences in episodic recog-

nition of odors or in auditory and olfactory absolute thresholds, discrimina-

tion, identification (Figure 1 A–G), or metacognitive ability (Figure 2). 

However, there were statistically non-significant tendencies of better sound 
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discrimination, odor identification, and metacognitive ability in early blind 

than in the late blind and sighted participants.  
 

 
Figure 1 A−H. Boxplots of absolute odor threshold (A), odor discrimination (B), odor identi-

fication of high familiar stimuli (C), episodic odor recognition (d') (D), absolute auditory 

threshold (E), sound discrimination (F), sound identification of high familiar stimuli (G), and 

episodic sound recognition (d') (H). Boxplots are displayed separately for early blind (dark 

grey boxes), late blind (light grey boxes), and sighted (white boxes) participants. The boxes 

indicate the 25th, 50th (median), and 75th percentiles of the distribution (lower, middle, and 

upper horizontal lines of the box). The upper hinges indicate the maximum value of the varia-

ble located within a distance of 1.5 times the inter-quartile range above the 75th percentile. 

The lower hinges indicate the corresponding distance to the 25th percentile value. Circles 



50 

indicate values outside these hinges (outliers). The means and 95 % confidence intervals (dots 

and error bars in blue) are superimposed on the boxplots. 

 

 
Figure 2 A−F. Correlations of judgments of learning (JOLs) with episodic recognition (d') for 

odors (A−C) and sounds (D−F) in early blind, late blind, and sighted participants. The Pear-

son product-moment correlation coefficient (rP) with fitted regression line (ordinary least 

squares), and the Spearman’s rank correlation coefficient (rS) are depicted.  

* p < 0.05 

 

Imagery ability for odors was rated higher in early blind and late blind par-

ticipants than in the sighted, and early blind individuals also reported higher 

imagery ability for sounds than did the sighted (Figure 3). All other group 

comparisons were statistically non-significant. 
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Figure 3. Boxplots of imagery ratings of odors (left panel) sounds (right panel), displayed 

separately for early blind (dark grey boxes), late blind (light grey boxes), and sighted (white 

boxes) participants. The means and 95 % confidence intervals (dots and error bars in blue) are 

superimposed on the boxplots. 

Conclusion 

Among a range of perceptual and cognitive functions, blind and sighted in-

dividuals differed in episodic recognition of environmental sounds and im-

agery of sounds and odors. The observation of enhanced auditory episodic 

memory in early blind but not late blind participants suggests that the onset 

age of blindness is important for whether or not this cognitive function is 

improved in blind individuals. Additionally, auditory imagery ability was 

higher in early blind than in sighted individuals, whereas olfactory imagery 

was higher in early and late blind individuals than in the sighted. Together, 

these findings suggest that there is no general effect of blindness across audi-

tory and olfactory functions. Rather, enhanced abilities in blind individuals 

seem more likely to occur in the auditory modality, for certain cognitively 

more complex tasks, such as the episodic memory task.  

Study II 

Cornell Kärnekull, S., Arshamian, A., Nilsson, M. E., & Larsson, M. (2018). 

The effect of blindness on long-term episodic memory for odors and sounds. 

Frontiers in Psychology, 9, 1003. http://doi.org/10.3389/fpsyg.2018.01003 
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Aim 

The aim was to examine whether blindness influences auditory and olfactory 

episodic recognition after a long retention interval and consequently whether 

the length of the retention interval (i.e., short vs. long) would modulate the 

influence of blindness on memory. As in Study I, the aim was also to exam-

ine whether the potential influence of blindness would depend on: 

 

a) the sensory modality (i.e., audition and olfaction) 

b) the onset age of blindness (i.e., early blind vs. late blind) 

Background 

Research indicates that blind individuals may develop better episodic 

memory for sounds and verbal material read aloud than sighted (e.g., Cornell 

Kärnekull, Arshamian, Nilsson, & Larsson, 2016; Hötting & Röder, 2009; 

Röder & Rösler, 2003). However, as most studies have used relatively short 

retention intervals (e.g., Occelli et al., 2016; Röder & Rösler, 2003), it is 

unclear whether enhanced memory abilities in blind individuals also applies 

when memory is tested over longer time frames. Studying episodic memory 

after both short and long retention intervals is important since consolidation 

is a gradual process over time, but also from an ecological point of view 

considering that information needs to be remembered both in the short- and 

long-term. Therefore, participants from Study I were followed up approxi-

mately a year after the initial test occasion and retested for episodic recogni-

tion of the same environmental sounds and odors. It should be noted that the 

participants were unaware that their memory would be tested a second time.  

Method 

From a total sample of 60 participants (Study I), 57 participated in Study II: 

14 early blind (M = 55.7 years, 9 women and 5 men), 13 late blind (M = 58.9 

years, 11 women and 2 men), and 30 age and sex matched sighted (M = 56.5 

years, 22 women and 8 men). The number of days between initial testing 

(T1) and the follow-up (T2) ranged between 399 and 644 days (M = 487 

days, SD = 50). The mean retention interval was similar for early blind (M = 

509 days, SD = 57, Mdn = 525), late blind (M = 485 days, SD = 50, Mdn = 

495), and sighted participants (M = 478 days, SD = 45, Mdn = 484). Using 

the same procedure as in Study I, auditory and olfactory episodic recognition 

and identification were assessed, respectively. Please note that the analyses 

of recognition performance below is collapsed across familiarity since this 

factor did not interact with group (early blind, late blind, sighted) at T2. As 

in Study I, identification was analyzed for high familiar stimuli only. 
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Results 

Early blind, late blind, and sighted participants showed similar episodic 

recognition of environmental sounds and odors after the long retention inter-

val (Figure 4).  

 

 

Figure 4. Boxplots of episodic recognition performance (d') for odors (left panel) and sounds 

(right panel) at follow-up (T2) are displayed separately for early blind, late blind, and sighted 

participants. The means and 95 % confidence intervals (dots and error bars in solid lines) are 

superimposed on the boxplots. 

 

Furthermore, auditory recognition performance decreased more across T1 

and T2 in early blind participants than in the late blind and sighted, whereas 

olfactory recognition was equally affected by the passage of time in the three 

groups (Figure 5). It should, however, be noted that this interaction (group × 

retention interval × sensory modality) was not statistically significant.  
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Figure 5. Episodic recognition performance (mean d' ± SE) for odors (left panel) and sounds 

(right panel) at initial testing (T1) and follow-up (T2) is plotted separately for early blind, late 

blind, and sighted participants. 

 

Moreover, early blind, late blind, and sighted participants showed a similar 

ability to identify sounds and odors (Figure 6).  
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Figure 6. Boxplots of identification performance for high familiar odors (left panel) and high 

familiar sounds (right panel) at follow-up (T2) are displayed separately for early blind, late 

blind, and sighted participants. The means and 95 % confidence intervals (dots and error bars 

in blue) are superimposed on the boxplots. 

Conclusion 

There were no substantial differences in episodic memory for sounds and 

odors between early blind, late blind, and sighted participants when tested 

approximately one year after encoding. These findings contrast to Study I, in 

which early blind participants showed enhanced auditory memory. As to 

olfaction, the findings suggest that blindness does not influence episodic 

memory for odors after either a short or long retention interval. The differen-

tial effect of blindness on auditory memory at T1 versus T2 may have been 

related to higher attention and better memory for perceptual properties of the 

sounds in the early blind individuals at T1, whereas other less effective 

memory strategies may have been used at T2, such as a more general feeling 

of familiarity. 

Study III 

Cornell Kärnekull, S., Arshamian, A., Willander, J., Jönsson, F. U., Nilsson, 

M. E., & Larsson, M. (2018). The reminiscence bump is blind to blindness: 

Evidence from sound- and odor-evoked autobiographical memory. Manu-

script in preparation. 
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Aim 

The aim was to examine whether blindness influences sound- and odor-

evoked autobiographical memories (AMs), more specifically the (a) remi-

niscence bump and (b) number of retrieved AMs. As in Studies I–II, the aim 

was also to examine whether the potential influence of blindness would de-

pend on the sensory modality (i.e., audition and olfaction). 

Background 

Whereas Studies I−II examined auditory and olfactory episodic memory by 

means of recognition tests of previously studied sounds and odors, Study III 

examined another aspect of episodic memory: autobiographical recollection 

as cued by sounds and odors. AM in blind individuals has been largely ig-

nored in previous research, and this is the first study examining the reminis-

cence bump in this population. 

 

The reminiscence bump is a well-documented finding in research on sighted 

individuals, which refers to a proportionally higher number of reported AMs 

from adolescence and young adulthood compared to other periods of life 

(Koppel & Berntsen, 2015; Rubin et al., 1998). This has been demonstrated 

using memory cues such as words, pictures, and sounds to evoke AMs. In 

contrast, for odor cues, the location of the bump typically shifts to early 

childhood (e.g., Chu & Downes, 2000; Willander & Larsson, 2006; but see 

Rubin et al., 1984). These findings indicate that the sensory modality of the 

memory cue affects the age distribution of AMs. However, it is unclear 

whether AMs and the reminiscence bumps also may be influenced by the 

sensory function and everyday experience of the individual. This question 

was addressed by examining the reminiscence bumps of sound- and odor-

evoked AMs in early blind and sighted individuals. 

 

This was a good opportunity to challenge the reminiscence bumps from a 

sensory experience perspective. First, vision is believed to play a crucial role 

in multisensory integration (Gutfreund & King, 2012), and given that AMs 

often are multisensory in nature (Greenberg & Rubin, 2003), blindness may 

affect the way memories are retrieved. Second, blind individuals have dis-

played enhanced abilities in the non-visual senses, for example in both audi-

tory perceptual (e.g., Fieger, Röder, Teder-Sälejärvi, Hillyard, & Neville, 

2006; Nilsson & Schenkman, 2016) and attentional (Pigeon & Marin-

Lamellet, 2015) tasks. Moreover, although evidence is mixed regarding the 

effect of blindness on olfactory functions (Sorokowska et al., 2018), congen-

itally blind individuals have reported higher awareness for odors than sight-

ed (Beaulieu-Lefebvre et al., 2011). Enhanced perceptual processing of and 

attention to non-visual information are factors that may modulate AM. 
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Hence, if blindness modulates the auditory and olfactory bumps, it could 

be due to differences in sensory experience and everyday attention between 

the blind and sighted individuals. A further aim of the study was to compare 

the number of retrieved sound- and odor-evoked AMs between blind and 

sighted individuals.  

Method 

Thirty-one sighted (M = 58.2 years, 16 women and 15 men) and 31 age and 

sex matched early blind (M = 57.4 years, 16 women and 15 men) individuals 

participated in this study. At two separate occasions, approximately 2 weeks 

apart, the participant was presented with 15 environmental sounds and 15 

odors and asked to try to retrieve specific AMs. At the second occasion, the 

participant was asked to determine at what age each of the retrieved memo-

ries had occurred. Age distributions of AMs retrieved from the first four 

decades of life (i.e., 0–10, 11–20, 21–30, and 31–40 years) were analyzed 

separately for each sensory modality (audition, olfaction) and each group 

(sighted, blind). 

Results 

Sound-evoked AMs 

Sighted and blind participants showed similar age distributions for sound-

evoked memories, with similar proportions of AMs in the 0–10- and 11–20-

year intervals, but lower proportions in the 21–30- than the 11–20-year in-

terval. The difference between the 0–10- and 21–30-year intervals was statis-

tically significant in early blind participants only. All other pairwise compar-

isons between age intervals were statistically non-significant. Figure 7 shows 

the age distributions of sound-evoked memories, separately for the groups. 
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Figure 7. Age distributions of sound-evoked autobiographical memories (SEAMs) with mean 

proportion of memories (± SE) across age intervals in sighted (unfilled circles) and blind 

participants (filled circles).  

 

Odor-evoked AMs 

Sighted and blind participants showed similar age distributions for odor-

evoked memories, with higher proportions in the 0–10-year interval than in 

the 11–20-, 21–30-, and 31–40-year intervals. Additionally, for sighted par-

ticipants, the difference between the 11–20- and the 21–30-year intervals 

was statistically significant. All other pairwise comparisons between age 

intervals were statistically non-significant. Figure 8 shows the age distribu-

tions of odor-evoked memories, separately for the groups.  
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Figure 8. Age distributions of odor-evoked autobiographical memories (OEAMs) with mean 

proportion of memories (± SE) across age intervals in sighted (unfilled circles) and blind 

participants (filled circles). 

 

Number of sound- and odor-evoked AMs 

The blind individuals reported somewhat more sound- and odor-evoked 

memories than sighted (Table), but the differences were not statistically sig-

nificant.  

 

Table. Descriptive statistics (means, standard deviations, and medians) for the number of 

memories are presented as a function of sensory modality (auditory, olfactory) and group 

(sighted, blind). 

 

 Sighted Blind 

Sensory modality M SD Mdn M SD Mdn 

Auditory 3.29 3.10 2.00 4.97 3.38 5.00 

Olfactory 3.55 3.29 3.00 4.39 3.37 4.00 

 

Conclusion 

Sighted and blind individuals displayed similar age distributions of both 

sound- and odor-evoked AMs. The bumps of sound-evoked memories were 

not particularly distinct but seemed to span the first two decades of life. 

However, the well-documented bump of odor-evoked memories in early 
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childhood was demonstrated in blind as well as sighted individuals. Lastly, 

blindness did not have any clear impact on the number of retrieved memo-

ries for either of the sensory modalities.  



61 

Discussion 

This thesis investigated whether blind and sighted individuals differ in audi-

tory and olfactory abilities. The main findings of the studies are summarized 

below. 

 

1. Irrespective of sensory modality, most of the abilities examined in Stud-

ies I–III did not differ between blind and sighted participants. However, 

the only objective measure on which blind and sighted individuals clear-

ly differed was in the auditory modality. Moreover, differences between 

blind and sighted participants were observed in the subjective measures 

of both auditory and olfactory abilities. 

 

2. The influence of blindness on auditory episodic recognition depended on 

the onset age of blindness, as illustrated by a substantial difference be-

tween early blind and sighted, but not between late blind and sighted 

participants (Study I). However, for the other objective auditory and ol-

factory measures examined in Studies I–II, neither early blind nor late 

blind individuals had any clear advantage over sighted. 

 

3. Blindness had no general influence across perceptual and cognitive func-

tions (Study I). Among the objective measures, the only substantial dif-

ference regarded one of the more cognitively complex auditory tasks 

(i.e., auditory episodic recognition). In contrast, there were no substan-

tial differences between early blind, late blind, and sighted individuals in 

olfactory functions, irrespective of the complexity or type of task. Fur-

thermore, blind and sighted individuals differed in the subjective ratings 

of imagery ability, such that imagery of sounds was rated higher in early 

blind participants than in the sighted and imagery of odors was rated 

higher in both early and late blind participants than in the sighted. 

 

4. There were no substantial differences between early blind, late blind, 

and sighted individuals in the episodic recognition of sounds and odors 

after a long retention interval (Study II). These findings suggest that the 

length of the retention interval (i.e., short vs. long) modulates the influ-

ence of blindness on auditory but not olfactory episodic memory. 
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5. AMs evoked by sounds and odors did not differ between early blind and 

sighted participants. More specifically, blindness did not influence the 

auditory or olfactory reminiscence bumps or have any clear impact on 

the number of retrieved AMs (Study III).  

Perceptual and cognitive abilities (Studies I–II) 

 

Studying audition and olfaction throughout this thesis made it possible to 

examine whether the potential effects of blindness apply to both senses. 

Since blind individuals are more dependent on audition than olfaction in 

everyday life, differences between blind and sighted individuals were more 

expected for auditory than olfactory abilities. As noted above, previous stud-

ies have presented mixed findings regarding whether blindness influences 

non-visual abilities, and this may be partly related to the complexity and type 

of tasks investigated (Collignon et al., 2006; Frasnelli et al., 2011). Since 

Studies I–II included a range of objective and subjective perceptual and cog-

nitive measures, it was possible to examine whether potential differences 

between blind and sighted participants would vary as a function of the com-

plexity and type of task.  

Auditory abilities 

Different perceptual and cognitive auditory functions were examined in 

Studies I–II. The abilities to detect sounds, discriminate between them, rec-

ognize them from previous occasions, know what source they come from, 

and monitor one’s own cognitive ability are valuable in everyday life, for 

instance, when navigating the environment and interacting with other people. 

Despite this, only episodic recognition of environmental sounds yielded a 

clear difference between early blind and sighted individuals. For the other 

objective measures, early blind, late blind, and sighted individuals performed 

similarly. Some of these findings were more expected than others. 

 

The observation of similar absolute thresholds of hearing in early blind, late 

blind, and sighted individuals is in line with previous studies (Benedetti & 

Loeb, 1972; Collignon et al., 2006; Nilsson & Schenkman, 2016). Important-

ly, similar hearing abilities did not prevent the blind participants in previous 

studies from performing better than the sighted on attentional tasks (Bene-

detti & Loeb, 1972; Collignon et al., 2006). Benedetti and Loeb (1972) sug-

gested that the term “sensory compensation”—a term commonly used for 

observations of enhanced abilities in blind individuals—should be changed 

to “perceptual compensation”, since the blind individuals’ advantage ap-
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peared to be related to practice and more efficient use of sensory information 

rather than to better sensory acuity per se. 

 

Although the early blind individuals displayed somewhat better sound dis-

crimination ability than did the late blind and sighted individuals, none of the 

group differences was statistically significant. Hence, the evidence from 

Study I is inconclusive. Based on previous findings, an advantage in blind 

over sighted individuals was expected (Hötting & Röder, 2009). For exam-

ple, Wan et al. (2010) demonstrated that pitch/timbre categorization was 

better in congenitally and early blind, but not late blind individuals, than in 

the sighted. Despite clear methodological differences between the tasks, this 

study also examined the discrimination of complex sounds that varied in 

timbre. Better auditory discrimination in the blind has also been demonstrat-

ed for speech sounds and sounds of varying pitch (e.g., Gougoux et al., 

2004; Muchnik et al., 1991; Wan et al., 2010). Additionally, Muchnik et al. 

(1991) found that the minimal time interval needed to discriminate between 

two bursts of noise was shorter in blind than sighted individuals, and sug-

gested that enhanced auditory perception and discrimination in blind indi-

viduals may be related to their superior auditory temporal resolution. Faster 

auditory processing in blind individuals has been demonstrated in other stud-

ies as well (Hötting & Röder, 2009).  

 

In contrast to auditory absolute thresholds and discrimination, identification 

of sounds has hardly been addressed in previous research into blind individ-

uals. Although the early blind individuals examined in Studies I–II identified 

somewhat more environmental sounds than did the late blind and sighted, 

the differences were relatively small and statistically non-significant. These 

findings are in line with those of Wakefield et al. (2004), who found that 

sound identification in early blind children did not differ from that of sighted 

when the task was performed in silence. Together, these two studies indicate 

that the age of the individuals does not change the pattern of the results. 

However, when noise was added to the sounds by Wakefield et al. (2004), 

performance deteriorated only among the sighted participants. The back-

ground noise may have made performance more dependent on perceptual 

and attentional abilities, giving blind participants an advantage (Muchnik et 

al., 1991; Pigeon & Marin-Lamellet, 2015; but see Smeds, 2015). This con-

dition may also be more ecologically valid than identifying sounds in total 

silence. In retrospect, although blind individuals may be more experienced 

than the sighted in attending to sounds, sighted individuals may have other 

advantages. For example, when hearing a sound, visual feedback about the 

source is almost always provided, so the visual information may be associat-

ed with the sound. It is possible that the next time the subject hears the same 

sounds, the visual image will be mentally reinstated, facilitating identifica-

tion of the object. 
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As noted above, the only objective measure on which blind and sighted indi-

viduals clearly differed was the auditory episodic recognition task (Study I). 

The finding of better memory in early blind than sighted individuals corrob-

orates previous findings of Röder and Rösler (2003), although the authors 

also found that late blind had an advantage over sighted participants after 

reanalysis using an age-matched subsample. In Study I, the mean group dif-

ference in d' between early blind and sighted participants was 0.55 (95 % CI 

[0.23, 0.86]), corresponding to five more recognized items from a total of 60 

sounds (Cohen’s d = 1.10). As illustrated by the distribution of performance, 

approximately 80% of the early blind participants performed better than the 

median sighted, which may be considered a substantial difference.  

 

Although the reason for enhanced memory in early blind individuals is un-

clear, it may be related to extensive practice of listening to sounds and the 

need to remember them for various everyday tasks. Relatedly, greater atten-

tion to sounds in general may also contribute to enhancing memory capacity. 

Previous studies have found that blind individuals have better auditory atten-

tion than sighted, as indicated by shorter reaction times and/or higher accu-

racy (Collignon et al., 2006; Hötting & Röder, 2009; Kujala et al., 1997; 

Pigeon & Marin-Lamellet, 2015). It is interesting to note similar findings of 

enhanced auditory attention skills (and working memory) in musicians, who 

intentionally train their auditory skills (Kraus, Strait, & Parbery-Clark, 

2012). Furthermore, cross-modal brain plasticity has been suggested to be 

related to enhanced auditory abilities in blind individuals. Occipital activa-

tion has been found during various auditory tasks (Merabet & Pascual-

Leone, 2010), and demonstrated to be correlated with perceptual (Gougoux 

et al., 2005) and verbal episodic memory performance (Amedi et al., 2003). 

However, as neural activity was never assessed in Study I, it is unknown 

whether potential cross-modal plasticity varied with the tasks examined. The 

finding that early blind but not late blind individuals had a clear advantage 

over the sighted may be related to differences in both experience and 

memory strategies in combination with the fact that neuroplasticity is more 

pronounced earlier in life (Merabet & Pascual-Leone, 2010). Effects of the 

onset age of blindness have also been observed for auditory perceptual tasks 

(e.g., Gougoux et al., 2004; Wan et al., 2010). 

 

It should be noted that although enhanced memory performance in early 

blind individuals was in line with Röder and Rösler’s (2003) work, the find-

ing deviated from that of Cobb et al. (1979). This may be related to method-

ological differences between studies, such as the length of the retention in-

terval. Whereas Cobb et al. (1979) used a 7-day interval between encoding 

and recognition, Study I and Röder and Rösler (2003) used very short reten-

tion intervals (i.e., minutes). Considering the absence of differences in epi-



65 

sodic sound memory in Study II (noted below), which used a very long re-

tention interval, it is tempting to speculate that the discrepant findings across 

studies may be related to exactly that: the length of the retention interval. 

However, factors relating to the participant samples may also explain the 

discrepant outcomes. For example, Cobb et al. (1979) did not report any 

information about the congenitally blind participants’ etiology of blindness 

or degree of visual impairment, and additionally, the sighted group was both 

small (n = 5) and younger than the blind group. In general, characteristics of 

blindness, such as the degree of visual impairment and the onset age of 

blindness, vary greatly between studies. These potentially moderating factors 

will be discussed further below. 

 

When the participants from Study I were followed up after approximately a 

year in Study II, the episodic memory for sounds in early blind individuals 

was no longer better than in the sighted. This time, episodic memory for 

sounds was similar in early blind, late blind, and sighted participants, indi-

cating that the length of the retention interval modulated the effects of blind-

ness on auditory memory. It should be noted, however, that the three-way 

interaction between retention interval, group, and modality in the analysis of 

variance (ANOVA) was statistically non-significant. Although the underly-

ing memory processes and strategies of participants are unknown, it was 

speculated that early blind participants may have attended to and made more 

use of the perceptual properties of the sounds than did the sighted at initial 

testing, resulting in their memory advantage, whereas such skills and strate-

gies could not be used after the long retention interval. Hence, at the follow-

up assessment, memory judgments may have been based on other factors, 

such as a more general feeling of familiarity with the stimuli presented. This 

would be in line with research indicating that over time, memories may be-

come more semantic, as indicated by less recollections of contextual details 

and less activation of hippocampus (Harand et al., 2012). Moreover, the 

Competitive trace theory (CTT)—as inspired by the Standard model of sys-

tems consolidation and the Multiple trace theory—suggests that recent 

memories are the ones most episodic and veridical, whereas over time, 

memories become consolidated and gradually loose contextual details (e.g., 

Yassa & Reagh, 2013). However, both the underlying memory processes 

(e.g., recollection and familiarity) and the relative involvement of hippo-

campus are unknown factors in this thesis, but would merit further explora-

tion in blind versus sighted individuals. For example, if early blind individu-

als indeed attended to and used perceptual details of the sounds more than 

the other groups at T1, one may hypothesize that their recognition judgments 

should be accompanied by a higher degree of conscious recollection than 

that of the other groups. 
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Metacognitive ability was assessed relative to the episodic memory tasks in 

Study I. Although there were no statistically significant differences between 

the groups, it is interesting to note that the correlation between judgments of 

learning (JOLs) and actual memory performance was stronger for early blind 

than late blind and sighted participants. This tendency of better metacogni-

tive ability in early blind individuals could be related to training in evaluat-

ing and monitoring their own perception and cognitive processes in everyday 

life, which may be important for making inferences about the surrounding 

environment without having access to immediate visual feedback. Addition-

ally, long experience of analyzing sounds might make early blind individuals 

more aware of what they do and do not know. These group differences must, 

however, be replicated to be able to draw firm conclusions about whether or 

not this pattern is general in the population. At present, no such studies are 

available for comparison. 

 

Considering the findings of better episodic memory for sounds after a short 

retention interval and a tendency for better metacognitive ability in early 

blind individuals, it is interesting to note that also subjective ratings of im-

agery ability were rated higher in this group than in the sighted. These find-

ings are in line with a previous autobiographical memory study in which the 

contents of the memories were rated (Tekcan et al., 2015), and together they 

may reflect blind individuals’ enhanced attention to sounds in general. Simi-

larly, studies show that sighted auditory experts, such as musicians, have 

higher auditory imagery ability than novices (Aleman et al., 2000; Hubbard, 

2010; Lotze, Scheler, Tan, Braun, & Birbaumer, 2003). It should be noted 

that also the late blind rated their auditory imagery ability higher than the 

sighted, although the difference was statistically non-significant. However, 

since there are ceiling effects in the data, particularly for the blind groups, 

the results should be interpreted with caution. For the blind individuals, audi-

tory mental images may be useful for keeping the perception of a sound-

scape updated or active, but also as mnemonics, as is commonly seen in the 

visual modality (Hubbard, 2010). Neuroimaging studies have also shown 

that imagery is closely related to episodic memory and that imagining 

sounds activate similar brain areas as actual perception (e.g., Zatorre & 

Halpern, 2005; Zeidman & Maguire, 2016). There are indications that hip-

pocampus plays a fundamental role for both episodic retrieval and imagining 

events (e.g., Bonnici & Maguire, 2018; Zeidman & Maguire, 2016). 

 

In conclusion, among the objective auditory abilities, a clear influence of 

blindness was demonstrated only for episodic memory. However, since there 

were no substantial differences between blind and sighted individuals in the 

perceptual or other more cognitively complex tasks, it is impossible to draw 

conclusions about basic perceptual versus complex tasks in general. Ob-
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served tendencies for group differences in some of the measures should also 

be examined further in future studies. 

Olfactory abilities 

Studies I–II examined perceptual and cognitive olfactory abilities analogous 

to the auditory abilities noted above. These abilities may be particularly use-

ful for blind individuals, since they provide additional information about the 

environment. For example, a burning smell in the kitchen needs to be not 

only detected but also recognized and identified to be able to take action, and 

a well-developed odor discrimination ability may facilitate the discrimina-

tion of objects and persons. Nevertheless, it is evident that olfaction plays a 

more modest role than does audition in the everyday functioning of blind 

individuals. Studies I–II found no substantial differences between early 

blind, late blind, and sighted individuals in any of the objective measures. 

 

The finding that early blind, late blind, and sighted participants had similar 

absolute thresholds for odors is in line with most previous research (Luers et 

al., 2014; Rosenbluth et al., 2000; Smith et al., 1993; Sorokowska, 2016; 

Sorokowska et al., 2018; Wakefield et al., 2004). The fact that these studies 

have used different detection tests, both standardized and non-standardized, 

makes the evidence more generalizable. It is still unclear, however, why 

some studies have observed lower thresholds in blind individuals (Beaulieu-

Lefebvre et al., 2011; Çomoğlu et al., 2015; Cuevas et al., 2010) and others 

higher (Murphy & Cain, 1986). It is likely not due to variation in the specific 

tests used, since most studies used the Sniffin’ Sticks olfactory test battery 

(Hummel et al., 1997), or to the onset age of blindness, since most studies 

have examined early blind individuals only. Despite mixed findings, most 

evidence suggests that the ability to detect odors does not become enhanced 

following blindness (Sorokowska et al., 2018). 

 

In line with these findings, there were no substantial differences between 

early blind, late blind, and sighted individuals in the ability to discriminate 

between qualitatively different odors. This corroborates previous findings 

(e.g., Beaulieu-Lefebvre et al., 2011; Guducu et al., 2016; Sorokowska, 

2016), although it should be noted that the evidence has been mixed regard-

ing the potential influence of blindness (advantage in blind: Cuevas et al., 

2010, 2009; Çomoğlu et al., 2015; Rombaux et al., 2010; advantage in sight-

ed: Luers et al., 2014). In addition to the group differences in behavioral 

measures, Rombaux et al. (2010) demonstrated that the olfactory bulb vol-

ume was larger in the early blind than sighted participants, suggesting that 

blindness also induced structural changes in the brain. However, to the best 

of my knowledge, this observation has not been replicated. Several research-

ers have suggested that the inconsistent findings across studies may be relat-
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ed to small sample sizes (Luers et al., 2014; Sorokowska, 2016). It should be 

noted that two of the studies in which the blind outperformed the sighted 

both had small participant samples and very large effect sizes (Cuevas et al., 

2009; Rombaux et al., 2010), suggesting that the effects may have been 

overestimated (Ioannidis, 2005). This idea was further supported by a meta-

analysis (Sorokowska et al., 2018). 

 

There were no statistically significant group differences in identification 

ability, but tendencies of better performance in early blind than late blind 

and sighted individuals, particularly in Study I. These findings are in line 

with previous research findings and the view that effects of blindness may be 

more pronounced for more cognitively complex tasks than for more basic 

perceptual ones, such as thresholds (Frasnelli et al., 2011; Rosenbluth et al., 

2000). Hence, most previous studies have found enhanced performance of 

blind individuals in free identification tasks (e.g., Cuevas et al., 2009; Mur-

phy & Cain, 1986; Rombaux et al., 2010; Rosenbluth et al., 2000; Wakefield 

et al., 2004), and their advantage has been suggested to be related to greater 

attention and more efficient olfactory processing (Cuevas et al., 2009). Alt-

hough empirical evidence is scarce regarding olfactory attention, Beaulieu-

Lefebvre et al. (2011) found that congenitally blind individuals rated their 

awareness of environmental odors higher than did sighted individuals (Beau-

lieu-Lefebvre et al., 2011). However, several recent studies have failed to 

identify enhanced free identification ability in blind individuals, for example 

Sorokowska (2016), who did not observe any substantial differences be-

tween early blind, late blind, and sighted subjects (see also Gagnon, Ismaili, 

Ptito, & Kupers, 2015; Manescu et al., 2018). Additionally, a meta-analysis 

by Sorokowska and her colleagues also did not find any evidence of differ-

ences between blind and sighted individuals after controlling for potential 

publication bias (Sorokowska et al., 2018). 

 

Study I was one of the first studies of episodic memory for odors in blind 

individuals. Since there were indications from previous research that blind 

individuals may develop better discrimination and identification abilities, it 

was possible that also this higher-order cognitive function would differ be-

tween the blind and sighted. However, no substantial differences were ob-

served between the early blind, late blind, and sighted participants in Studies 

I−II. It should be acknowledged that memory for odors at follow-up was 

relatively poor for all three groups, and performance of the late blind indi-

viduals did not differ significantly from chance performance. However, the 

fact that this group also performed worst at T1 and that there is still some 

variation in performance across groups at T2 suggests that the lack of group 

differences at T2 was likely not due to floor effects. Hence, in contrast to 

episodic memory for sounds, blindness did not influence memory after either 

a short or long retention interval. Additionally, given that blind individuals 
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have been shown to have better episodic and short-term memory for verbal 

material (Raz et al., 2007; Röder et al., 2001), the lack of group differences 

in olfactory memory seems to be modality specific. Although it is still possi-

ble that blind individuals are more aware of odors in their everyday life 

(Beaulieu-Lefebvre et al., 2011), this may not suffice for developing better 

episodic memory for odors. A subsequent study by Sorokowska and Kar-

wowski (2017) also did not find any influence of blindness on this function, 

supporting the findings of Studies I−II. Nevertheless, since the empirical 

evidence is scarce, the possibility of differences between blind and sighted 

members of the population cannot be totally ruled out. 

 

Despite the lack of substantial group differences in episodic memory for 

odors, there were statistically non-significant tendencies of better metacogni-

tive ability in early blind than in late blind and sighted individuals. However, 

this pattern of results was not as clear as the differences in metacognitive 

ability in the auditory modality. Lastly, vividness of olfactory imagery was 

rated higher in early and late blind than in sighted individuals. Hence, alt-

hough ratings in general were lower for the olfactory than auditory modality, 

a similar group pattern was observed for the two sensory modalities. Alt-

hough the functional relevance of mental images may be higher for the audi-

tory than olfactory modality in blind individuals, these findings suggest that 

imagery ability for both sensory modalities may be enhanced. In contrast to 

audition, the higher imagery ability of odors in blind individuals was not 

accompanied with better episodic memory. However, since this is a subjec-

tive measure, the findings of both olfactory and auditory imagery should be 

interpreted with some caution. It is, for example, not possible to exclude the 

possibility that group differences are related to differences in response bias, 

such that the groups would underestimate or overestimate their abilities to 

different extents. Additionally, olfactory imagery has not previously been 

investigated in blind individuals.  

 

In conclusion, there were no substantial differences in any of the objective 

olfactory abilities between early blind, late blind, and sighted individuals. 

Hence, the complexity and type of task did not seem to matter for whether or 

not blindness had an influence on olfaction. These findings indicate that 

olfactory functions are not improved following blindness, possibly because 

superior olfactory skills are not required for everyday functioning of blind 

individuals. Future research will have to determine whether this finding re-

gards olfactory functions in general, or only those examined in this thesis.  
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Autobiographical memory (Study III) 

 

Research on AM in blind individuals has been scarce, and Study III was the 

first study to examine whether blindness influences the reminiscence bumps. 

The main finding was that early blind and sighted individuals had similar 

age distributions of both sound- and odor-evoked AMs. The auditory bump 

for memories seemed to span the first two decades of life, whereas the olfac-

tory bump was located in early childhood. These findings suggest that dif-

ferences in everyday experiences and attention to non-visual information 

between blind and sighted individuals do not affect the likelihood of retriev-

ing AMs from different age periods. Although vision has been demonstrated 

to be related to multisensory integration (Gutfreund & King, 2012), and is 

involved in AM retrieval in sighted individuals, even when cued by sounds 

(Janata, 2009), these factors did not change the reminiscence bumps for 

blind individuals in this study.  

 

The finding of an olfactory bump in early childhood in both blind and sight-

ed individuals corroborates previous findings regarding the sighted (Chu & 

Downes, 2000; Larsson, Willander, Karlsson, & Arshamian, 2014; Willand-

er & Larsson, 2006, 2007, 2008; Willander et al., 2015). Although the olfac-

tory bump seems to be robust to a potential influence of blindness, the un-

derlying mechanism of why the reminiscence bump is located earlier in life 

when evoked by odors than by other perceptual stimuli is still unknown. 

Different explanations have been suggested, for example, that first-odor 

associations have a unique brain representation (Yeshurun et al., 2009) and 

that odors may evoke more direct memory retrieval (Chu & Downes, 2000; 

Willander & Larsson, 2007) involving less semantically driven processes 

(Arshamian et al., 2013).  

 

The auditory bumps of blind and sighted individuals were not particularly 

distinct, but appeared to span the first two decades of life. Although the evi-

dence is generally scarce regarding sound-cued AMs (Cady, Harris, & 

Knappenberger, 2008; Schulkind, Hennis, & Rubin, 1999; Schulkind & 

Woldorf, 2005; Willander et al., 2015), Willander et al. (2015) demonstrated 

the existence of two memory peaks in the lifespan: one in childhood and 

another in young adulthood. Together these findings suggest that the audito-

ry bump may extend from childhood up to young adulthood (cf. Schulkind & 

Woldorf, 2005). 

 

Furthermore, the analysis of whether the groups differed in the number of 

retrieved memories showed that although the blind individuals retrieved 

more memories than did the sighted in general, the differences were statisti-

cally non-significant. These findings still contrast to those of previous stud-
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ies, in which blind participants were found to retrieve fewer memories than 

did the sighted when cued by words (Eardley & Pring, 2006; Tekcan et al., 

2015). These findings suggest that the number of retrieved memories may 

depend on whether verbal or perceptual cues are used to evoke memories. 

Taken together, the findings of similar reminiscence bumps and numbers of 

retrieved memories in blind and sighted individuals suggest that blindness 

does not influence the retrieval of sound- and odor-evoked AMs. 

Aspects of episodic memory (Studies I–III) 

 

All constituent studies of this thesis examined auditory and olfactory episod-

ic memory, although in varying forms, with different methods, and over 

different time windows. Study I examined episodic recognition after a short 

retention interval (of minutes), whereas Study II tested episodic recognition 

for the same material approximately one year later. Study III investigated 

AMs from almost the whole lifespan, from childhood up to adulthood. The 

methodological approach of Study III clearly differs from Studies I–II, as it 

was not episodic memory for sounds and odors per se that was tested, but 

rather AM evoked by such unimodal cues. Together, Studies I–III demon-

strate that memory connected to auditory and olfactory information in the 

longer term is similar in blind and sighted individuals in terms of both accu-

racy (Study II) and the likelihood of AM retrieval, both generally and in 

specific age periods (Study III). However, for memory in the shorter term 

(Study I), blind individuals, particularly the early blind, displayed an ad-

vantage over the sighted regarding environmental sounds, but not odors. 

Although accurate auditory memory may have functional relevance over 

both short and long time frames, for instance, for recognizing people or 

places, one may speculate that episodic recognition of sounds may be partic-

ularly valuable for early blind individuals in short time frames for basic eve-

ryday tasks that require real-time attention and decisions, such as interacting 

with and navigating the environment. Consequently, early blind individuals 

may have trained their memory over short time frames more than memory 

across longer time frames. The fact that episodic memory for odors was sim-

ilar in blind and sighted individuals in all three studies suggests that the in-

fluence of blindness on episodic memory is modality specific and that 

memory for odors is likely not an ability that becomes more developed in 

blind than in sighted individuals. These findings do not, however, exclude 

the possibility of potential differences between blind and sighted individuals, 

for instance, in terms of how olfactory information is used in everyday life. 
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Potentially moderating factors  

There is relatively large variation across previous studies in the characteris-

tics of the blind participants, such as onset age of blindness and the degree of 

visual impairment, which may partly explain inconsistent findings across 

studies. This issue has been noted by several researchers (e.g., Kupers & 

Ptito, 2014; Merabet & Pascual-Leone, 2010).  

Onset age of blindness 

Research indicates that the onset age of blindness may influence both the 

behavioral performance on auditory tasks (e.g., Gougoux et al., 2004; Wan 

et al., 2010) of blind individuals and their degree of neuroplasticity (e.g., 

Merabet & Pascual-Leone, 2010). The results of enhanced auditory episodic 

memory in early blind but not late blind individuals in Study I supported this 

view. However, most studies have not considered this factor when studying 

potential differences between the blind and sighted. Instead, the most fre-

quent approach is to study only congenitally or early blind individuals in 

comparison to sighted.   

 

Olfactory research has typically not addressed whether onset age of blind-

ness may influence the performance of blind individuals, though there are 

exceptions (Çomoğlu et al., 2015; Cornell Kärnekull et al., 2016; Cornell 

Kärnekull, Arshamian, Nilsson, & Larsson, 2018; Sorokowska, 2016). Most 

studies have compared early blind with sighted individuals, but a few have 

used a mixed group of early blind and late blind participants (Luers et al., 

2014; Murphy & Cain, 1986; Smith et al., 1993), which may complicate the 

interpretation of findings as well as comparison with other studies. Based on 

the findings of this thesis and the studies of Çomoğlu et al. (2015) and Soro-

kowska (2016), onset age of blindness does not seem to influence perfor-

mance on olfactory functions in blind individuals. 

Degree of visual impairment 

The degree of visual impairment of blind participants varies across studies 

and also often within studies. In this thesis, the blind individuals were totally 

blind or had some residual vision (i.e., below visual acuity 0.05). However, 

this factor was not considered in the analyses due to the already small sam-

ple size. Some researchers have specifically examined whether the perfor-

mance of totally blind individuals differs from that of individuals with some 

degree of residual vision. For example, Lessard, Paré, Lepore, and Lassonde 

(1998) demonstrated that blind individuals with residual vision were less 

accurate than the totally blind in a sound localization task, who in turn were 

as good as the sighted. However, other studies have demonstrated better 
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performance of visually impaired than totally blind individuals on different 

types of spatial tasks (Cattaneo et al., 2008). The influence of residual vision 

may therefore vary between tasks. In olfactory research, a recent study ex-

amining both totally blind and visually impaired individuals indicated that 

discrimination and identification performance was unrelated to the degree of 

visual impairment (Majchrzak, Eberhard, Kalaus, & Wagner, 2017).  

Methodological considerations 

Small sample size is a frequent problem in studies of blind individuals and 

other population subgroups. This was also true of all the studies of this the-

sis, but particularly Studies I–II. Consequently, the statistical power or 

chance of detecting true effects was reduced. Low statistical power also im-

plies the risk that statistically significant results may overestimate the true 

effect size (Ioannidis, 2005). This is important when interpreting the results 

of Studies I–II. In Study I, there was a relatively large effect size for the 

difference in episodic memory for sounds between early blind and sighted 

participants, whereas at the follow-up in Study II, the difference was almost 

totally eliminated. However, the three-way interaction between retention 

interval, group, and modality (of the ANOVA) was not statistically signifi-

cant. It is therefore difficult to say whether the absence of a statistically sig-

nificant interaction was because of low power to detect a true interaction 

effect, or overestimation of the effect size for the early blind in Study I, lead-

ing to a possibly spurious interaction pattern in the data. Furthermore, on a 

general note, Study I revealed a relatively consistent pattern of small group 

differences in several of the measures, with the early blind participants hav-

ing the best performance. Hence, the statistically non-significant differences 

should be interpreted with caution. 

 

An inevitable drawback of Studies I−III is the observational study design, 

which implies less control over potentially confounding variables. Although 

the blind and sighted participants were matched in terms of age and sex, 

other factors were not considered, such as comorbidity and education. How-

ever, based on self-reports (1−5; 1 = very bad, 2 = bad, 3 = moderate, 4 = 

good, 5 = very good), all groups of participants in Studies I−III had generally 

good health. In Studies I−II, the health ratings were somewhat lower in late 

blind (Mdn = 3) than in early blind and sighted participants (Mdns = 4), alt-

hough these differences were not statistically significant. In Study III, health 

was rated similarly in the blind and sighted (Mdns = 4). Furthermore, post-

high-school education was less common among late blind than early blind 

and sighted participants in Study I−II, but in Study III it was equally com-

mon among the early blind and sighted individuals.  
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Intelligence or general cognitive function was not assessed in any of the 

studies, but would have added valuable knowledge of potential differences 

between the groups. However, a verbal associative fluency test (FAS; Ross, 

Furr, Carter, & Weinberg, 2006) was used as a distraction in the recognition 

tasks (Studies I−II), and the results indicated that the total number of gener-

ated words (for the letters F, A, and S) was similar in late blind and sighted, 

but somewhat higher in the early blind, though the difference was not statis-

tically significant. Also in Study III, there was a tendency that the early blind 

participants generated more words on FAS than did the sighted.  

 

Another potentially confounding factor is motivation, since one may suspect 

the blind individuals of being particularly highly motivated to perform well 

on the tests. There is also a potential influence of motivation on performance 

due to the convenience sampling of participants, although this pertains to 

both blind and sighted individuals. Relatedly, it should be noted that there 

was overlap between the participant samples in Studies I and III, as a sub-

sample of the early blind (n = 12) participated in both studies. Hence, the 

ability to generalize the findings to a broader population is somewhat re-

stricted. Since the recruitment of sighted participants was easier, a totally 

new sample of sighted participants was used in Study III as compared with 

Studies I−II. 

 

The main limitation of Study II is the large variation in the retention inter-

vals across participants. Although this leads to noise in the data, the exami-

nation of group differences is not necessarily affected since the mean and 

median retention intervals remained similar in the three study groups. Fur-

thermore, the auditory episodic memory performance at follow-up should be 

mentioned, as performance was surprisingly good considering the length of 

the retention interval. The reason for this might be related to the selection of 

distractor stimuli. Because of the longitudinal study design, different distrac-

tors were used in the follow-up than in the initial assessment to minimize 

potential interference effects of memory from the first test occasion. Howev-

er, the distractors may have varied in attributes that were not controlled for, 

such as distinctiveness relative to target stimuli. This cannot, however, fully 

account for the fact that some participants even improved over time, since 

closer inspection of the data indicated that such changes were related to both 

more hits and fewer false alarms.   

 

The main limitation of Study III is that the analyses were based on relatively 

few retrieved AMs. This small number may be related to the study’s specific 

number and type of stimuli, which had to be congruent between the sensory 

modalities, but also to the fact that only memories from ages 0–40 years 

were included. It should be noted, however, that control analyses using 

memories from the whole lifespan yielded the same pattern of findings in the 
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age intervals of interest, that is, the reminiscence bump regions. Another 

point of caution is the fact that the study, like many other AM studies, relied 

on individuals’ self-reports, implying, for example, no control of the poten-

tial generation of false memories. Although there is no obvious reason why 

blind and sighted individuals would differ in this respect, this remains to be 

investigated.  

 

Although the auditory and olfactory tasks in this thesis were selected to be 

analogous, there are some inevitable differences between them. For example, 

since the sense of smell is a comparatively slow sense (Olofsson, 2014) and 

people rapidly become habituated to odors (Pellegrino, Sinding, de Wijk, & 

Hummel, 2017), the inter-stimulus interval in the episodic memory task was 

longer for odors than sounds. This may have affected the memory perfor-

mance, although it is uncertain whether such a factor would have different 

implications for the blind than sighted. However, one may speculate that a 

shorter inter-stimulus interval in the auditory memory task may have facili-

tated the chunking of encoded sounds. Relatedly, some short-term memory 

studies indicate that enhanced auditory memory for words in blind individu-

als may be related to better chunking ability (Raz et al., 2007; Rokem & 

Ahissar, 2009).  

 

Furthermore, another methodological difference between the auditory and 

olfactory assessments of episodic memory in Studies I−II is the number of 

test stimuli used. Pilot studies indicated that memory for environmental 

sounds was generally good, so to avoid ceiling effects, the test set size was 

larger for sounds than for odors. Increasing the number of odors was not 

considered since that would have prolonged the testing session (which was 

already longer than the auditory memory test because of habituation to 

odors) and increased the risk of fatigue and habituation effects. Nevertheless, 

the limited number of odors makes the memory measure less reliable than 

that of sounds. 

Suggestions for future studies 

The results of this thesis generated several new questions that may be ad-

dressed in future studies. First of all, the finding of better episodic memory 

for sounds in the early blind individuals should be replicated, but of greater 

interest is the finding that the retention interval modulated the group differ-

ences. In Study II, a retention interval of approximately a year was used, but 

for a better understanding of the forgetting function one would need several 

retention intervals, preferably within the same participants. Information 

about the time points when differences between the blind and sighted are 

present or absent could lead to testable hypotheses about potential mecha-
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nisms underlying the effect of blindness on auditory memory. To test wheth-

er the memory advantage of early blind is related to better attention to and 

memory of perceptual details one may use distractors that are semantically 

similar but perceptually dissimilar (see Röder and Rösler, 2003 for a similar 

approach) with the hypothesis that early blind individuals should show lower 

false alarms than the late blind and sighted, particularly at shorter retention 

intervals as memory of such details tend to fade across time. Additionally, 

remember/know judgments at recognition may indicate whether the memory 

retrieval processes differ between blind and sighted individuals and whether 

such judgments change differently across time for the groups. Another pos-

sible explanation for the differential effect of blindness across retention in-

tervals is that the groups were differentially affected by interference from 

other sounds between the two testing occasions. One may hypothesize that 

early blind individuals were exposed to more interference because of higher 

auditory attention in general. The idea of potential differences in interference 

effects on memory between early blind, late blind, and sighted individuals 

could be tested in future studies by experimentally exposing the participants 

to sounds (or other perceptual stimuli) between encoding and testing. Fur-

thermore, although a potential explanation of the influence of retention in-

terval was suggested, further knowledge is needed about the use of memory 

strategies and other factors that might differ between the blind and sighted. 

For example, as better auditory attention in early blind individuals was sug-

gested as a potential explanation, future memory studies should include tests 

of such matters together with memory assessments.  

 

Another interesting finding that needs to be replicated was the tendency for 

better metacognitive ability in early blind individuals. This finding raises the 

question of why such monitoring skills were better in this group, and wheth-

er such a group difference only regards metacognitive judgments of episodic 

memory or also other cognitive processes. Despite the advantage of as-

sessing an aggregated JOL, such that it yields less overconfidence than do 

item-by-item JOLs (Koriat et al., 2002), it would be interesting to evaluate 

metacognitive ability in blind and sighted individuals item by item to obtain 

a more precise measure for each encoded stimulus. At the same time, this 

method would enable evaluation of the potential relationship between meta-

cognitive ability and perceptual stimulus attributes, such as perceived famili-

arity and pleasantness. 

 

Something that becomes striking from reviewing the literature on potential 

differences between blind and sighted individuals is that even for similar 

types of auditory tasks, there is large variability between studies in the exact 

tests used. This fact, in combination with the problem of small sample sizes, 

as noted above, makes it difficult to draw firm conclusions about whether or 

not blind and sighted individuals differ in perceptual and cognitive abilities. 
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Cooperation between research labs would be valuable as it would enable 

meta-analyses based on more similar measures. 

Concluding remarks 

In this thesis I examined whether blindness may lead to enhanced auditory 

and olfactory abilities and demonstrated that on most objective measures, 

blind and sighted individuals performed similarly. These findings indicate 

that many perceptual and cognitive functions in the auditory and olfactory 

modalities are unaffected by blindness. However, episodic memory for envi-

ronmental sounds after a short retention interval was better in early blind, but 

not late blind, participants than in the sighted. Hence, some support was 

provided for group differences in audition, a sense on which blind individu-

als greatly depend for their everyday functioning. However, the effect of 

blindness did not remain after a longer retention interval, suggesting that the 

length of the retention interval may modulate effects of blindness. Self-rated 

imagery ability was the only measure in this thesis for which group differ-

ences were demonstrated in both the auditory and olfactory modality. Fur-

thermore, auditory and olfactory reminiscence bumps for AMs were proven 

to be robust and did not change because of differences in sensory experience. 

Together, these findings indicate that individuals who have become blind 

early in life may develop enhanced abilities for certain (but not all) types of 

cognitively complex tasks in the auditory modality. There was no clear sup-

port for enhanced olfactory functions in blind individuals, regardless of the 

onset age of blindness and complexity of the task. In conclusion, this thesis 

demonstrates that blind and sighted individuals have more similarities than 

differences regarding auditory and olfactory abilities. 
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