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Abstract 

The capacity to form olfactory images has received less attention than the 

formation of visual and auditory images. The evidence in favor of such abil-

ity is also inconsistent. This thesis explored some of the characteristics of 

olfactory imagery through three empirical studies. Study I investigated the 

effects of blocking spontaneous sniffing during olfactory imagery. The re-

sults indicated that the prevention of spontaneous sniffing reduced olfactory 

but not visual imagery capacity. Study II studied the relation between olfac-

tory awareness (as indexed by olfactory dreams, olfactory imagery, and ol-

factory interest) and olfactory functions (i.e., odor threshold, episodic odor 

memory, and odor identification). The main findings were that compared to 

low, high olfactory awareness was associated with better episodic odor 

memory and identification, but not with higher olfactory sensitivity. Study 

III investigated the neural correlates of odor evoked autobiographical memo-

ries (OEAMs) as (a) a function of cue modality (i.e., odors and their verbal 

referents), and (b) a function of memory remoteness. The results from Study 

III showed that OEAMs activated regions generally associated with autobio-

graphical memory. In addition, verbally cued OEAMs were associated with 

activity linked to olfactory imagery. Odor cues activated the limbic and tem-

poral polar regions more than verbal cues; a result that may explain the phe-

nomenological differences found between the cued memories. Moreover, 

OEAMs from the first decade of life were associated with higher activity in 

the secondary olfactory cortex, whereas memories from young adulthood 

were related to areas linked to semantic memory processing. Taken together 

these studies favor the notion of a existing human capacity to form olfactory 

images.   
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Populärvetenskaplig sammanfattning av avhandlingen 

 

Kan du föreställa dig den ljusgröna ängen som du sprang på i din barndoms 

somrar, återkalla ljudet av den brusande forsen som du brukade fiska i, eller 

hur det kalla vattnet kändes mot din hud när du tog sommarens första dopp? 

Försök nu att återskapa lukten av den sprakande brasan på sensommarkväl-

len. Det kanske inte är lika lätt? De flesta människor kan med lätthet åter-

skapa sinnesintryck, såsom bilder och ljud, utan tillgång till yttre stimuli. 

Dessa mentala representationer, d.v.s. minnen, är en central del av vårt tän-

kande i såväl vaket tillstånd som när vi drömmer. Med hjälp av våra inre 

bilder kan vi återskapa det förflutna, planera för framtiden och inte minst 

alstra nya idéer och tankar, som i sin tur kan manifesteras i yttervärlden. 

Men lättheten i att återskapa sinnesintryck för vårt inre gäller inte för alla 

sinnen. Röklukten kommer för de flesta människor att upplevas som mycket 

mindre levande än bilden, ljudet eller värmen av vår inre eld. 

 

Det finns betydligt mer forskning om hur vi minns och föreställer oss syn-, 

ljud- och känselintryck än om våra mentala representationer av lukter. De 

slutsatser som har dragits från den forskning som finns tillgänglig uppvisar 

en delad bild. Vissa forskare menar att vi människor inte har någon förmåga 

att föreställa oss lukter, medan andra forskare menar att denna förmåga exi-

sterar och att den styrs av processer som också är aktiva när vi föreställer oss 

övriga sinnesintryck. Studier som undersökt föreställningsförmåga för bilder, 

ljud och känselintryck har visat att förmågan att föreställa sig delar många 

egenskaper med riktiga sinnesintryck. Det tar t.ex. lika lång tid att flytta 

blicken över ett riktigt objekt som det tar att flytta den inre blicken över 

samma föreställda objekt. Det är också samma områden i hjärnan som aktiv-

eras när vi föreställer oss en bild eller ett ljud som när vi ser bilden eller hör 

ljudet.  

 

Denna avhandling har genom tre experiment behandlat olika aspekter och 

processer av luktföreställningsförmåga. Studie I tittade på hur föreställnings-

förmågan för lukter påverkades av att näsborrarna var tilltäppta. Studier har 

tidigare visat att motorisk aktivitet är viktigt när man föreställer sig bilder 

och ljud. Ett exempel är att den föreställda bilden mindre levande om man 

inte får röra ögonen under tiden man föreställer sig objektet. Resultaten från 

studie I visade att detta också gäller för en blockering av näsborrarna. Att 

inte kunna sniffa under tiden man föreställer sig gör lukten mindre levande. 

Studie II undersökte hur intresse för lukter och upplevd luktkompetens kor-

relerar med faktisk förmåga att identifiera och minnas lukter. En faktor som 

också undersöktes var om försökspersonerna kände lukter i sina drömmar. 

Resultaten visade att personer som rapporterat att de upplevt luktdrömmar, 

skattat sig själva som bra i luktföreställningsförmåga och hade ett stort in-



 

tresse för lukter också var bättre på att identifiera och minnas riktiga lukter. 

Dessa resultat liknar tidigare studier där man har funnit att individuella skill-

nader i föreställningsförmåga för bilder och ljud är kopplat till minnesför-

måga för stimuli från respektive sinne. Studie III studerade hur självbiogra-

fiska minnen (specifika minnen från en persons liv) som väcks av lukter 

aktiverar olika delar av hjärnan. Tidigare studier har visat att dessa minnen 

är äldre, mer levande, emotionella och framkallar en starkare känsla av att 

färdas tillbaka i tiden än självbiografiska minnen framkallade av bilder, ljud 

och ord. Resultaten från den här studien visade att utöver områden som nor-

malt är aktiva vid självbiografiska minnen, t.ex. områden som behandlar 

föreställningsförmåga för bilder, aktiverade dessa luktminnen också områ-

den som vanligen aktiveras vid starka emotioner, mental tidsförflyttning och 

när vi både känner och föreställer oss lukter. Det sistnämnda tyder på att 

lukten är en del av själva minnesrepresentationen. Dessutom visade resulta-

ten att självbiografiska minnen från den tidiga barndomen aktiverade områ-

den relaterade till luktföreställningsförmåga mer och språkområden mindre 

än minnen från ett senare skede i livet. Detta kan tyda på att föreställnings-

förmåga för lukter är en viktig aspekt i bildandet av tidiga luktminnen, men 

att man med åren använder sig mer av språket för att koda in dessa minnen.  

 

Sammantaget pekar resultaten från denna avhandling på att vi människor har 

en fungerade inre näsa och att den utgör en bit av det enorma pussel vi kallar 

minne.   
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Introduction 

In everyday life, we frequently use mental imagery, for example when trying 

to recall the shape of a teenage sweetheart’s nose, or to mentally replay the 

song from our first dance. However as easily as these images emerge, we 

may hesitate in our attempt to recall the scent of the sweetheart’s perfume or 

cologne. Because olfactory imagery has received relatively little scientific 

attention, the nature of the olfactory image is still unclear. The olfactory 

system is phylogenetically and ontogenetically the oldest sensory modality. 

Although it is not as crucial for survival as vision or audition, it plays an 

important role in our everyday life. For example, it helps us decide if food is 

spoiled, or if the turkey in the oven is burned, and it helps us as we sit down 

to enjoy the remains of the charred bird. Similarly, our other senses facilitate 

and guide us in our everyday life. Our sight helps us to see the path ahead, 

and our sense of hearing allows us to enjoy the music from our neighbor’s 

window. Fortunately, and by the hands of evolution, we have been provided 

with the ability to bring the outside world inside. Inner representations help 

us to recreate the past, plan for the future, and they allow us to create new 

worlds within, which in turn may be re-created outside. However, whether 

odor images also are present in memory reconstruction, and if they might 

play a part in everyday behavior are still questions that warrant further eluci-

dation.   

 

 

The current thesis is an exploration of the inner nose, and is devoted to illu-

minating three main topics: (i) to localize factors that may influence the viv-

idness of an olfactory image; (ii) to study the relations between olfactory 

performance and variation in olfactory imagery, prevalence of olfactory 

dreams, and odor interest; and (iii) to investigate the neural correlates of 

odor-evoked autobiographical memories. 
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The Concept of Mental Imagery 

                                                                                  
 

What the poet does, when he recites this tribute to his lost childhood is no 

more than a pretentious and metaphorical description of memory. The 

memory act forms the basis from which the concept of mental imagery is 

founded, a concept dating back more than 2 300 years (Aristotle, 2002). 

Here, the image is an internal representation that, although retrieved from 

memory, produces a perceptual experience (Kosslyn, Thompson, & Ganis, 

2006). Despite the lack of a real sensory input, such as bouncing rays of 

light, sound waves, or odor molecules, the mental image has the capacity to 

capture many of the various sensory features and emotional reactions that 

would result from the original sensory perception (Kosslyn et al., 2006).  

 

According to Kosslyn, Behrmann, and Jeannerod (1995), imagery depends 

on a range of multiple interacting factors. An illustration of multifactorial 

complexity is to try to estimate the number of windows in your living room. 

Here you first have to create the image of the living room, then scan and 

interpret it while maintaining the image, and if necessary, to rotate it 

(Kosslyn et al., 1995).  

Theories of mental imagery 

While addressed and discussed for more than two millennia, the mechanisms 

behind mental imagery are still unresolved, as reflected by the magnitude of 

available conflicting theories (Thomas, 2012). Although some have ques-

tioned the very existence of imagery (e.g., Watson, 1919), the majority of 

theories share the idea that imagery representation is based on memory, a 

characterization that does not imply any specific form of representation 

(Kosslyn et al., 2006). Rather, differing theoretical assumptions (e.g., quasi-

pictorial, propositional, and enactive theories) may account for many of the 

same empirical findings (Kosslyn et al., 2006; Pylyshyn, 2002; Thomas, 

2009). Moreover, there is a consensus that imagery, though not identical to 

perception, is closely connected to it (e.g., Kosslyn, 1994; Pylyshyn, 2002). 

Below, the two most well-known theories of mental imagery will be de-

scribed: the quasi-pictorial (Kosslyn, 1994) and the descriptive or proposi-

tional theory (e.g., Pylyshyn, 2002).  

 

“I see the scarlet flower with my mind’s eye, I 

hear the wind trembling it with my mind’s ear, 

sense its fragrance with my mind’s nose, and feel 

its soft, and brittle petal with my mind’s touch” 

                                                            A. Arshamian 
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The quasi-pictorial theory 

The quasi-pictorial or depictive theory, primarily shaped by Kosslyn (e.g., 

Kosslyn, 1994; Kosslyn et al., 2006), is established within a framework that 

contains several subsystems. According to Kosslyn et al. (2006), mental 

images are generated, inspected, and manipulated by processes also present 

during normal perception. A depictive mental representation in vision is 

depictive in the sense that the spatial properties of the mental image maintain 

the same spatial properties as the represented object. The distance between 

two points in a physical object should, according to this theory, be behavior-

ally manifested in visual imagery, a claim that borrows empirical support 

from the last four decades of cognitive research (Kosslyn et al., 2006). In 

1971, Shepard and Metzler showed that the time it took for participants to 

mentally rotate an image was a function of the degree of the rotation, a rela-

tionship that was also found to be linear. Similarly, studies have shown that 

metric and spatial information between real and imagined objects are pre-

served during mental scanning of memorized objects, such as pictures of 

boats and planes, or when pinpointing locations on a memorized map, which 

is illustrated by linear relations between scanning time and distances within 

and between these objects (Kosslyn, 1973; Kosslyn, Ball, & Resier, 1978).   

 
In the context of working memory, mental images may also be conceived as 

perception-like representations that are rehearsed and manipulated within a 

modality-specific working memory system (WM; Baddeley & Logie, 1992; 

Logie, 1995). For example, to Kosslyn (1994), the visual buffer is the system 

where visual objects are maintained and manipulated after they have been 

retrieved from long-term memory. This would more or less correspond to the 

visuo-spatial sketchpad postulated in the WM framework (Kosslyn, 1994; 

Logie, 1995).  

The propositional theory 

The propositional theory, as formulated by Pylyshyn (1973), states that there 

is no need for a depictive explanation for mental imagery. In this context the 

mental image is no more than a description-like mental representation in-

volving the same type of representation as reasoning in general, the only 

difference being that it concerns the appearance of the object (Pylyshyn, 

1973). The propositional theory, influenced by Fodor’s (1975) concept of a 

language of thought (i.e., mentalere), suggests that mental imagery is based 

on natural language, hence is symbolic in nature with an arbitrary applica-

tion of symbolic codes (Thomas, 1999). Moreover, Pylyshyn (1981) argues 

that much of what characterizes mental imagery is derived from tacit 

knowledge. For example, in visual imagery tacit knowledge (conscious or 

not) would be the knowledge of what visual perception is like. During men-
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tal imagery we only simulate the behavior; thus, to mentally imagine an ob-

ject is no more than simulating what it would be like to visually perceive that 

object.  

Imagery in cognitive science  

Although far from collectively accepted, the quasi-pictorial theory of image-

ry has continuously gained empirical support for many of its claims, mostly 

from studies concerned with the correspondence between neural activity in 

modality-specific imagery and perceptual experience (Kosslyn, 2003; 

Kosslyn et al., 2006). For example, the removal of the occipital lobe from 

one hemisphere results in both tunnel vision and tunnel imagery due to a 

halved horizontal angle (Farah, Soso, & Dasheiff, 1992). Likewise, lesions 

in auditory regions disrupt auditory imagery (Zatorre & Halpern, 1993). 

Furthermore, numerous brain imaging studies indicate that mental imagery 

activates similar brain areas as those that are active during normal percep-

tion. This has been shown for visual imagery (e.g., Kosslyn et al., 1993; 

Ganis, Thompson, & Kosslyn, 2004; Slotnick, Thompson, & Kosslyn, 

2005), auditory imagery (e.g., Bunzeck et al., 2005; Halpern & Zatorre, 

1999; Yoo, Lee, & Choi, 2001), motor imagery (e.g., Richter, 2000), and 

olfactory imagery (Djordjevic et al., 2005).   

 

Related studies have shown that during visual imagery participants make 

spontaneous and unconscious saccadic eye movements that, to some extent, 

enact the pattern that would have been initiated during visual perception 

(e.g., Brandt & Stark, 1997; Laeng & Teodorescu, 2002). Moreover, Laeng 

and Teodorescu (2002) showed that interference in ocularmotor activity 

produced a weakening of the mental image. Likewise, preventing subvocali-

zation during auditory imagery significantly diminished the auditory image 

(Reisberg et al., 1989).  

The function of imagery 

A substantial body of research demonstrates the important role played by 

mental imagery across a variety of cognitive domains, including spatial and 

abstract reasoning, skill learning, language comprehension, and episodic 

memory (Kosslyn et al., 1995). For instance, studies indicate that imagery is 

an effective mnemonic for a range of modalities, for example, verbally pre-

sented words (Jonides, Kahn, & Rozin, 1975; Paivio & Okovita, 1971), vis-

ual objects (Kosslyn et al., 1995), and sounds (Hubbard, 2010). The positive 

effects of mental imagery are seen both during encoding (e.g., Paivio, 1991) 

and retrieval (e.g., Hubbard, 2010). Moreover, Conway (1988) suggests that 

one function of mental imagery is to facilitate the retrieval and generation of 
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autobiographical memories. Still, compared to the body of research explor-

ing the nature of imagery, relatively little attention has been given to the 

evolutionary purpose of mental imagery. However, the bulk of evidence 

demonstrates that mental imagery is a genuine (i.e. not epiphenomenal) and 

functional part of higher human cognition (Kosslyn et al., 2006).    
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The Case of Olfactory Imagery    

 

Olfactory imagery has not only received less scientific attention than the 

formation of visual and auditory images, but its mere existence has aslo been 

questioned (e.g., Engen, 1991). Although there are some reports of people 

who are unable to create visual images, most of us have no problems gener-

ating them (Kosslyn et al, 2006). This is not the case for olfactory imagery. 

On the contrary, olfactory images have been documented as less vivid and 

more difficult to evoke than images from other modalities (Ashton & White, 

1980). Also, compared to imagery in other modalities, many people report 

that they have never experienced an olfactory mental image (Lawless, 1997).  

 

Most arguments raised for the inability to experience smells without external 

stimuli have gained support from studies targeting sensory specific differ-

ences in perception. For example, participants frequently report an inability 

to name odorants, although identical objects are easy to name when seen 

(e.g., Cain, 1979). Also, studies have difficulties in finding an olfactory 

working memory capacity similar to that present in vision (Engen, 1991). 

Still, evidence favors the notion of the capacity for humans to form olfactory 

images (see Stevenson & Case, 2005a, for a review). Below, I will review 

some factors pertaining to an olfactory imagery capacity, with a specific 

emphasis on topics drawn on the empirical studies that form the basis of the 

present thesis.  

Olfactory hallucinations 

The perception of an odor without a present and appropriate physical stimu-

lus is defined as an olfactory hallucination (OH; Stevenson & Case, 2005a). 

OHs are classified as phantosmia when they are the only symptom in normal 

individuals, whereas the broader term OHs addresses a range of disorders 

that have hallucinations as a secondary symptom (Stevenson & Langdon, 

2012a). Although the authenticity and validation of OHs have been debated, 

they are generally considered to be a reliable source for involuntary olfactory 

imagery (Stevenson & Case, 2005a). OHs are reported in both the general 

population (Ohayon, 2000) as well as in patients with a wide range of condi-

tions, including postviral olfactory loss, sinunasal disease (Seiden, 1997), 

“This is the way the world ends:  

  This is the way the world ends:  

  This is the way the world ends:  

  Not with a bang but a whimper.” 

                                   T.S. Eliot 
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schizophrenia (Stevenson & Langdon, 2012b), depression (Martin & 

Scharfetter, 1993), bipolar affective disorder (Davidson & Mukherjee, 1982), 

obsessive-compulsive disorder (Stein, LeRoux, Bouwer, & Van Heerden, 

1998), migraine (Coleman, Grosberg, & Robbins, 2011), epilepsy (Mohr, 

Röhrenbach, Laska, & Brugger, 2001; Stevenson & Case, 2005a), head inju-

ries (Stevenson & Case, 2005a), and drug abuse (Stevenson & Langdon, 

2012a). The study by Ohayon (2000) demonstrated that up to 8.6% of the 

general population in Europe had experienced olfactory hallucinations. Fur-

thermore, Mohr, Hübener, and Laska (2002) compared the frequencies of 

deviant olfactory experiences in relation to “psychotic-like” features in Ger-

man and Japanese participants. The results showed that more “psychotic-

like” features in a subject were positively correlated with olfactory halluci-

nations in the German group. There are several proposed mechanisms to the 

origin of OHs, for example, excessive trigeminal activity, differences in 

neurotransmitter levels, and deficiencies in habituation (Frasnelli et al., 

2010; Henkin & Levy, 2001; Stevenson & Langdon, 2012a). Despite being a 

common reference in the olfactory imagery literature, OHs have a limited 

capacity to explain the underlying mechanisms behind olfactory dreams and 

volitional odor images.  

Olfactory dreams 

Although there are relatively few studies addressing sensory experiences in 

dreams, the available evidence show a coherent pattern of findings. Evidence 

indicates differences in the prevalence of sensory modalities in dreams. For 

example, compared to visual and auditory dream experiences, dreams in-

volving odors and tastes are rare (e.g., Okada, Matsuoka, & Hatakeyama, 

2005; Stevenson & Case, 2005b; Weitz et al., 2010; Zadra, Nielsen, & Don-

deri, 1998). When dream reports are collected in retrospect, about 25-41% of 

the study populations report olfactory dream content (Stevenson & Case, 

2005b; Weitz et al., 2010; Zadre et al., 1998). In contrast, Zadra et al., 

(1998) showed that in 3372 dream reports completed directly after waking, 

the incidence of olfactory dreams dropped to about 1%. There is also a ten-

dency for women to report more olfactory dreams than men in both retro-

spective and immediate reports (Zadra et al., 1998).   

 

Furthermore, olfactory dreams typically involve natural odor sources, such 

as food or body odors, but rarely include bizarre elements that are frequently 

reported in visual dream content (Stevenson & Case, 2005b; Weitz et al., 

2010). Stevenson and Case (2005b) reported that olfactory dreams were 

more emotive and displayed shorter duration of the sensory experience than 

visual dreams. Both high emotiveness (Hinton & Henley, 1993) and brief-

ness (Engen, 1982) are distinct aspects in real-life olfactory perception. 

Moreover, the participants who experienced olfactory dreams in Stevenson 
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and Case (2005b) were also expressing a higher interest in smells, and exhib-

ited more vivid images in volitional olfactory and visual imagery. Likewise, 

Okada et al. (2005) showed that participants experiencing all sensory modal-

ities in their dreams (i.e., visual, auditory, kinesthetic, cutaneous, gustatory, 

and olfactory) evoked the most vivid visual images, followed by participants 

reporting only visual, auditory, and kinesthetic dreams. Participants report-

ing no sensory modalities had the least vivid visual images. The positive 

correlation between dream reports and volitional visual imagery has been 

reported in several studies (Butler & Watson, 1985; Foulkes & Cavallero, 

1993; Okada, Matsuoka, & Hatakeyama, 2000). For example, Hiscock and 

Cohen (1973) found that those participants who frequently remembered their 

dreams had more vivid visual images; a relationship that proved independent 

of social desirability (Richardson, 1979).  

 
Moreover, Stevenson and Case (2005b) explored if the ability to correctly 

name odors (i.e., odor identification) differed between olfactory dreamers 

and non-olfactory dreamers. The results showed that prevalence of olfactory 

dreams was positively related to odor naming. This was true also when fac-

tors such as motivation and odor interest were controlled for. Similarly, 

Weitz et al., (2010) reported that olfactory dreamers were better in odor 

identification and more interested in odors compared to non-dreamers. They 

also found a tendency for better olfactory discrimination ability in olfactory 

dreamers.  

Volitional imagery 

Studies comparing mental imagery across sensory modalities consistently 

show that visual volitional imagery is reported as being the most vivid, 

whereas volitional olfactory images are experienced as the least vivid (Betts, 

1909; Sheehan, 1967; White, Ashton, & Law, 1978). Furthermore, olfactory 

imagery is rated as the modality with fewest instances of volitional imagery, 

and the modality for which most people report that they never have experi-

enced mental imagery (Lawless, 1997). Interestingly, a cross-cultural study 

by Marsella and Quijano (1974) showed that whereas opinions about the 

most vivid modality differed between cultures (i.e., Filipinos and Caucasian 

Americans) there was a consensus that olfactory imagery produced the poor-

est images. Although different in vividness, several studies have shown 

moderate to strong positive correlations between olfactory and visual image-

ry (Betts, 1909; Gilbert, Crouch, & Kemp, 1998; Sheehan, 1967; Stevenson 

& Case, 2005).  

 

Using the Sheehan (1967) questionnaire, White et al., (1978) conducted a 

factor analysis on mental imagery across senses. One of the analyses indicat-

ed that even when the item order was randomized (i.e., a random mix of 



 23 

modality-specific questions), a specific factor for the two chemical - olfacto-

ry and gustatory - modalities emerged. However, as Stevenson and Case 

(2005a) noted, some of the items labeled as gustatory had olfactory compo-

nents, a factor that could have contributed to the grouping.   

 
Interestingly, several studies have shown that falsely implying the presence 

of odors (e.g., expressing the presence of foul smells) leads to appropriate 

actions from participants (e.g., changes in mood) an effect less common in 

other modalities (Knasko, Gilbert, & Sabini, 1990; O’Mahoney, 1978; Ste-

venson & Case, 2005a). This could partially be explained by the fact that 

odors, unlike other modalities, often are not confirmable by other means than 

the odor itself (Cain & Algom, 1997; Stevenson & Case, 2005a).  

 

Moreover, studies using multidimensional scaling (MDS) have shown a 

strong correspondence between real perception and imagery (e.g., in visual: 

Shepard & Chipman, 1970; and in auditory modalities: Intons-Peterson, 

Russell, & Dressel, 1992). However, this connection is not as apparent in 

olfactory imagery (Stevenson & Case, 2005a). For example, Lyman (1988) 

compared odor similarity ratings for 10 odorants and the corresponding simi-

larity ratings for 10 olfactory images of the same odorants. Participants 

compared pairwise odors and odor images, and rated them for 10 bipolar 

adjectives (e.g., fruitiness). The results from the three-dimensional solutions 

showed that there was no direct correspondence between real and imagined 

odors in any of the three dimensions. For example, dimension one for real 

odors was attributed as pleasant and fruity, whereas the same dimension for 

imagined odors corresponded to flowery. However, Carrasco and Ridout 

(1993) conducted a similar study using between participant judgments across 

a range of dimensions such as pleasantness and familiarity. Again a three-

dimensional solution was presented, though this time, there were several 

factors corresponding across the three dimensions, although the match was 

not perfect. Furthermore, several studies have reported similar correspond-

ence in psychophysical properties between real and imagined odors (e.g., 

Algom & Cain, 1991; Algom, Marks, & Cain 1993; Baird & Harder, 2000). 

For example, Algom and Cain (1991) showed that similarly to real odors, an 

intensity rating for mixes of two-odor images were less than its parts. These 

results were also obtained in cases where participants never had perceived 

the real odor mixtures.  
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The effects of imagery on behavior  

In 1910, Perky demonstrated that low, nearly subliminal, visual information 

could be mistaken for a mental image. Hence, if afferent sensory information 

is difficult to distinguish from an image derived from memory, a relation 

between imagery and perception may exist, argued Perky. However, due to 

the Behaviorism Era, it would take the scientific community almost half a 

century to further develop and test her ideas experimentally (Waller et al., 

2012). Based on Perky's (1910) ideas, Segal and Fusella (1970) showed that 

visual and auditory imagery could interfere with perception if it was modali-

ty specific. Moreover, Farah (1985) reported that visual imagery could facili-

tate the perception of visual stimuli by lowering the threshold. Several stud-

ies have now demonstrated that mental imagery can facilitate as well as in-

terfere with perception during a range of paradigms and across different 

modalities (e.g., vision: Ishai & Sagi, 1997, audition: Farah & Smith, 1983).  

  

Likewise, more cognitive laden factors (e.g., memory) are influenced by 

mental imagery. For example, McDermott and Roediger (1994) reported that 

imagery supported priming in implicit memory tests. These mnemonic prop-

erties have been reported several times for visual (e.g., Paivio 1969, 1971, 

1986) and for auditory imagery (e.g., Sharp &  Price, 1992; Tinti, Cornoldi, 

& Marschark, 1997).  

 

Similarly, the effect of olfactory imagery on olfactory perception and cogni-

tion has been investigated, although yielding less straightforward results 

(Stevenson & Case, 2005a). For example, Lyman and McDaniel (1986) 

showed that visual imagery did not affect subsequent olfactory recognition. 

However, Lyman and McDaniel (1990) reported that within modality, im-

agery did enhance recognition. In their study (Experiment 2), participants 

were given 20 word items referring to both an odor and its visual referent. 

Participants were told to either imagine the items olfactory or visually, and 

to rate the vividness of each image. At recognition, four groups were 

formed: olfactory encoding/olfactory recognition (matched), olfactory en-

coding/ visual recognition (unmatched), visual encoding/visual recognition 

(matched), visual encoding/ olfactory recognition (unmatched). Recognition 

was best in the group that had both encoding and recognition within the 

same modality. For example, participants who had imagined odors with sub-

sequent odor recognition, performed better than those who had imagined 

odors but were presented with a pictorial recognition test. There were signif-

icant differences between conditions in d’ (higher for matched modality) and 

false alarms (lower for matched modality), but not for hit rates. Interestingly, 

the perceived vividness of the items correlated with the recognition perfor-

mance for d’ scores and hit rates in the matched olfactory modality. In the 

matched visual modality vividness correlated with d’ scores and false alarm. 

There were no correlations between vividness and recognition measurements 
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in the unmatched modalities. However, Herz and Engen (1996) noted that 

because there were no differences in hit rates between matched and un-

matched olfactory recognition, the generation of olfactory images may have 

activated verbal codes, rather than sensory codes.  

 

Crowder and Schab (1995) assessed the impact of olfactory imagery during 

encoding on odor recognition memory, odor identification, and odor detec-

tion. Their results showed no effects of odor imagery on these factors, alt-

hough they noticed that odor imagery did enhance recognition memory for 

verbal labels of the odors by decreasing false alarm rates. The authors con-

cluded that rather than perceptual processing, participants engaged in seman-

tic processing during olfactory imagery.  

 

Herz (2000) further tested if olfactory imagery was similar to olfactory per-

ception. Associative (olfactory) memory was tested by either presenting 

olfactory cues or olfactory imagery cues during picture encoding. At test, 

either odor or imagery cues were given. The results showed lower recall 

when sensory cues were switched between encoding and testing. Hence, 

Herz (2000) concluded that an olfactory image was not a copy of an olfacto-

ry perceptual code, as it did not mimic the retrieval of the real odor.  

 

In contrast, Tomiczek and Stevenson (2009) used a repetition priming para-

digm to separate the semantic factors from perceptual. In three experiments 

they showed that 1) female participants that were good odor namers also had 

better performance on olfactory imagery priming, 2) that the effects of a 

good odor naming ability on odor imagery priming resulted from a generic 

activation of odor memory, rather than from a activation of a particular odor-

word association, and that 3) semantic priming did not induce the same ef-

fect in good odor namers. On the basis of the above results, Tomiczek and 

Stevenson (p.407) suggested that ”Rather the act of trying to imagine an 

odor may induce a generic activation of olfactory neural networks, which 

then facilitates performance only in those who are already capable of recog-

nizing that odor." 

 

In 1988, Frank and Byram demonstrated that a congruency between an odor 

and a taste could have additive effects. They reported that a strawberry odor 

could enhance the perceived sweetness of sucrose, but not affect the taste of 

salt. Also, they showed that peanut odor did not enhance the sweetness of 

sucrose. They concluded that this effect was due to congruence between the 

odor and the taste. Djordjevic, Zatorre, and Jones-Gotman (2004) used this 

notion to test if olfactory images also had similar additive effects on taste 

perception. Participants were tested on their threshold level of sucrose by 

either smelling a real strawberry odor or just imaging it. The results showed 

no detection enhancement for sucrose for either imagined or real odors com-

pared to a control condition. However, when participants imagined or 
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smelled ham their detection level decreased for sucrose. Moreover, 

Djordjevic, Zatorre, Petrides and Jones-Gotman (2004) tested if the thresh-

old level of odors (rose and lemon) could be affected by olfactory imagery, 

and if this was correlated to volitional olfactory imagery. The results indicat-

ed that when an odor image was unmatched to the assessed odor (e.g., imag-

ining lemon and smelling rose) the threshold level increased, suggesting that 

the odor image interfered with odor detection. No facilitation following 

matched odor stimuli was observed, nor was there an effect of visualizing 

the image of the odor source on detection threshold. Furthermore, volitional 

olfactory imagery ratings among females, but not men, correlated with per-

formance on imagine dependent threshold levels. Also, Bensafi and Rouby 

(2007) reported that emotional perception and volitional olfactory imagery 

were related. Participants that were classified as good olfactory imagers had 

lower anhedonia (inability to experience pleasure) scores and rated pleasant 

odors as more familiar than low olfactory imagers.  

Olfactory imagery and expertise  

There are large individual differences in the capacity to form vivid images 

(e.g., Amedi et al., 2005; Cui et al., 2007; Marks, 1973). Many times, indi-

viduals who display good abilities in mental imagery show enhancement in 

modality-specific behavior. The reason for these variations is unclear, alt-

hough factors such as active practice or everyday activities involving image-

ry may contribute (Sacks, 2010). For example, trying to imagine visual stim-

uli can enhance performance on visual perceptual tasks, such as spatial or 

contrast judgments (Tartaglia et al., 2009). Furthermore, imagining a specific 

motor activity enhances performance on this task because it is training corre-

sponding areas in motor cortex, whereby it strengthens existing associations 

(Feltz & Landers, 2007; Weiss et al., 1994). However, studies on auditory 

imagery demonstrate that a limited amount of musical training has no effect 

on auditory imagery ability, and that extensive musical training is warranted 

for auditory imagery increments (Janata & Paroo, 2006; Keller & Koch, 

2008). This is illustrated by the finding that musicians show high capacity to 

form auditory images (Hubbard, 2010).  

 

Moreover, studies addressing imagery expertise across modalities report 

superior performance in tasks involving modality-specific memory (De Beni 

et al., 2007).  Research on training and expertise in the olfactory domain has 

mainly addressed wine experts and perfumers (e.g., Delon-Martin et al., 

2013; Lawless, 1984; Melcher & Schoolar, 1996; Parr, Heatherbell, & 

White, 2002, Plailly et al., 2012; Solomon, 1990). For example, Gilbert et 

al., (1998) showed that olfactory experts, such as perfumers, exhibited high-

er volitional olfactory imagery capacity than did novices. 

 



 27 

Available evidence suggests that the particular skills observed in chemosen-

sory experts primarily result from a better conceptual knowledge, rather than 

higher inherent chemosensory sensitivity (De Beni et al., 2007). For exam-

ple, Melcher and Schooler (1996) reported that wine experts, compared to 

novices, performed better in a "triangle test", where the task was to pick out 

a specific target wine from a group of three other wines. Experts and novices 

had to verbally describe the target wine before picking it out after a 4-minute 

retention interval. Whereas verbalization did not affect wine experts in 

recognition, the novices showed impaired wine recognition. Similarly, it has 

been shown that wine experts are less susceptible to verbal overshadowing 

than novices (Parr, Heatherbell, & White, 2002). Several studies report that 

the superior performance of wine experts is largely determined by their abil-

ity to form appropriate verbal descriptors that focus on the sensory quality 

(Lawless, 1984; Solomon, 1990). For example, Engen and Ross (1973) re-

ported that odor memory decreased if participants gave loosely related ver-

bal labels to the odors compared to odors that were not labeled. In line with 

this idea, Fiore et al., (2012) tested if short-term memory for flavors could be 

influenced by olfactory imagery, and the usage of appropriate verbal labels. 

The results showed that amateurs, who imagined a wine flavor and were 

given oenological adjectives to describe it, enhanced their memory for the 

specific wine.  

 

Research indicates that odor naming facilitates odor recognition (e.g., Cain 

& Potts 1996; Larsson & Bäckman 1997; Lehrner et al. 1999; Lumeng et al., 

2005; Rabin & Cain, 1984). Stevenson, Case, and Mahmut (2007) tested if 

the ability to evoke odor names was also connected to the ability to form 

odor images. They showed that odors that were difficult to name were also 

difficult to imagine. Likewise, when participants learned odor names prior to 

imaging them the odors were easier to imagine. However, Parr et al. (2002) 

tested threshold, odor recognition, and verbal memory in wine experts com-

pared to novices. The results showed that while there were no group differ-

ences in odor identification, verbal memory, and threshold levels, wine ex-

perts performed better in odor recognition memory. They concluded that 

verbal codes were not necessary for odor recognition and that the explana-

tion for the superior ability observed in wine experts could reflect enhanced 

perceptual or olfactory imagery capacity.     

 

Evidence for experience-induced changes in functional brain activity has 

been reported for several modalities (e.g., vision: Maguire et al., 2002; audi-

tion: Ohnishi et al., 2001). To test if this was also true for olfaction, Plailly et 

al. (2012) used functional magnetic resonance imaging (fMRI) to study 

changes in functional anatomy as a function of extensive olfactory training. 

Student and professional perfumers were presented with odor names, and 

were asked to create an olfactory image for each odor name. Although both 

groups showed activation in areas associated with olfactory imagery there 
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were several differences between students and perfumers, such as differing 

activation patterns in parts of the piriform cortex (primary olfactory cortex). 

Moreover, increased expertise in the perfumers (defined as duration of work 

experience) significantly modified neural activity. The longer work experi-

ence perfumers had, the lesser brain activity in areas associated with olfacto-

ry imagery such as piriform and orbitofrontal cortex (secondary olfactory 

cortex) and the hippocampus was observed. This type of experience-

dependent decrease in modality-specific neural activity has been reported 

across several modalities (e.g. auditory: Lotze et al., 2003; motoric: Ross et 

al., 2003).   

Neural correlates of olfactory imagery 

Neural correspondence, measured by fMRI and positron emission tomogra-

phy (PET) between imagery and perception has been shown for a range of 

modalities. These include imagery and perception of visual (Farah, 1989; 

Kosslyn et al., 2006), auditory (Halpern & Zatorre, 1999; Hubbard, 2010), 

and motor stimuli (Ross et al., 2003). Similarly, Djordjevic et al. (2005) used 

PET to show that olfactory imagery engaged brain areas that were also ac-

tive during olfactory perception (i.e., piriform cortex, orbitofrontal cortex, 

and the insula). Bensafi et al. (2007) used fMRI and extended this finding by 

demonstrating that olfactory imagery induced activity in a hedonic-specific 

manner. Because several studies (e.g., Gottfried et al., 2002; Royet et al., 

2003) have reported that smelling unpleasant odors activate olfactory areas 

differently than pleasant odors, (higher activation in insula for unpleasant 

than pleasant odors), Bensafi et al. (2007) hypothesized that the same pattern 

would emerge during olfactory imagery. Accordingly, their results showed 

that olfactory imagery mimicked odor perception. Both unpleasant odors and 

their mental images induced stronger activity in left piriform cortex and left 

insula as compared to activity related to pleasant odors.  

 

Furthermore, brain imaging studies that have compared mental imagery in 

different sensory modalities show that areas involved in memory, such as the 

hippocampus, parahippocampus, precuneus, and middle frontal gyrus, are 

also recruited during olfactory imagery. McNorgan (2012) conducted a me-

ta-analysis targeting the functional anatomy of mental imagery across senso-

ry modalities. The study demonstrated that although olfactory imagery acti-

vated the olfactory cortex, it also engaged anterior cingulate, hippocampus, 

insula, amygdala, and the superior parietal lobule. Moreover, the results 

showed that while several modality-specific areas within all sensory modali-

ties were active during imagery, some regions overlapped (e.g., left  inferior 

frontal gyrus, inferior/superior parietal lobule, middle frontal gyrus, and 

precuneus).  
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The neural activity pertaining to semantic processes during olfactory image-

ry has not been directly addressed. However, Plailly et al. (2012) reported 

activity in the inferior temporal gyrus, which is an area involved in semantic 

memory (Iris et al., 2012). Their findings suggest that longer experience as a 

perfumer was related to reduced activity in the inferior temporal gyrus. This 

may suggest that retrieval of an olfactory image is subserved by semantic 

memory, and that longer experience with olfactory knowledge decrease re-

trieval demands. However, it should be noted that Plailly et al. (2012) did 

not specifically address this question. Interestingly, not only the functional 

activity was affected by experience in these perfumers, but also the structural 

anatomy (Delon-Martin et al., 2013). Specifically, the perfumers exhibited 

an increase in gray-matter volume in areas associated with olfactory pro-

cessing, which included the bilateral gyrus rectus/medial orbital gyrus and 

anterior cingulate. Moreover, gray-matter volume increased with experience 

in the piriform cortex and in the left rectus/medial orbital gyrus. As Delon-

Martin et al. (2013) did not report differences in structural areas involved in 

semantic processing, it is plausible that structural changes following exten-

sive olfactory imagery training (e.g. combining odor representations) is re-

stricted to modality-specific areas.  

Motor influence on olfactory imagery 

“Of 56 memories [during olfactory imagery], 96% involved movement of 

the nostrils, and 86% very definite movements, a sniffing in and out of the 

nostrils and a jerking of the head” (p. 441). Already a century ago Perky 

(1910) noted a link between modality-specific imagery and motoric activity. 

Perky (1910) later elaborates on the importance of motor activity during 

imagery by means of the "motor theory", developed by Ladd (1895) and 

Ribot (1906). A century later, numerous studies have tested and verified the 

significance of motoric activity during mental imagery across several senso-

ry modalities (Kosslyn, 2003). Specifically, studies repeatedly show a corre-

spondence between sensory-specific peripheral motor activity and imagery 

(e.g., ocular motor activity during visual imagery: Kosslyn, 2003). Further-

more, it has been shown that inhibiting motoric activity also affects sensory 

specific imagery. For example, when ocular motor activity is inhibited dur-

ing visual imagery, evoking an image is reported to be more difficult (Laeng 

& Teodorescu, 2002). 

 

It has been established that sniffing, besides from delivering odorants from 

the nostrils to the olfactory epithelium, is one of the main components in 

olfactory perception (Freeman 1981; Sobel et al., 1998). For example, the act 

of sniffing modulates odor intensity and identity perception (Mainland & 

Sobel, 2006). Also, sniffing activates olfactory cortex, and automatically 

changes its motoric activity as a function of odorant quality (Mainland & 
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Sobel, 2006). Accordingly, the act of sniffing also plays a role for olfactory 

imagery. Bensafi et al. (2003) reported that participants instructed to imagine 

an odor spontaneously initiated sniffing, an act that did not occur during 

visual or auditory imagery. In addition, Kleemann et al., (2009) reported that 

the respiratory volume and frequency pattern between olfactory perception 

and imagery were similar. Furthermore, Bensafi et al. (2003) reported that as 

is true for real perception, the sniffs increased with higher perceived pleas-

antness. Participants took bigger sniff volumes when imagining pleasant 

odors, whereas unpleasant odor reduced the sniff volume. Bensafi et al. 

(2003) also tested the idea that motoric inhibition could result in modality- 

specific interference. A prevention to sniff by blocking the nostrils during 

visual and olfactory imagery resulted in selective reductions to generate viv-

id olfactory images.     

 

Also, Bensafi et al. (2005) examined if there was any difference in sniffing 

parameters between individuals scoring high in volitional olfactory imagery 

and those who scored low. The results showed that although there was no 

difference in sniff volume between those who were good in olfactory image-

ry compared to those who were poor, there was a difference between the 

groups in hedonic-specific sniff activity. Good olfactory imagers, and not 

poor, took larger sniffs when imagining pleasant, than unpleasant odors. 

Also, only good olfactory imagers were affected in their ability to form ol-

factory images when sniffing was blocked. The above findings led Bensafi et 

al. (2005) to propose that sniffing is a causal factor during olfactory imagery, 

and that it mimics sniffing during olfactory perception.  

Autobiographical memory 

Autobiographical memories (AMs) are personally experienced events that 

draw upon a range of complex and effortful processes (Conway & Pleydell-

Pearce, 2000). Two central cognitive features of AMs are the notion that 

AMs are mental constructions of the self, and that they almost always in-

volve mental imagery, while at the same time involving abstract personal 

knowledge (Conway & Pleydell-Pearce, 2000; Conway et al., 2001). Most 

studies of AMs show that mental imagery is predominantly found in the 

visual modality (Conway et al., 2001). However, Conway and Pleydell-

Pearce (2000) stated that, although there must be a sensory-perceptual im-

agery component involved in AMs, this component could be non-visual 

(e.g., auditory, olfactory, kinetic), or a combination of visual and non-visual 

components. On this account, it is necessary that networks involved in mo-

dality-specific imagery communicate with networks addressing abstract, and 

conceptual autobiographical knowledge for an AM to be formed (Conway & 

Pleydell-Pearce, 2000).  
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Numerous studies report that odor evoked autobiographical memoires 

(OEAMs) are different from memories evoked by visual and verbal infor-

mation (for a review see Larsson & Willander, 2009). Evidence shows that 

odor evoked memories are more pleasant, produce a stronger feeling of be-

ing brought back in time, and are less thought of (Rubin, Groth, & Gold-

smith, 1984; Willander & Larsson, 2006, 2007) than memories evoked by 

visual and verbal stimuli. Moreover, Willander and Larsson (2006, 2007) 

showed that age distributions for the OEAMs differed from AMs evoked by 

other modalities. It is well established that the reminiscence bump for mem-

ories evoked by verbal and visual information is located in young adulthood 

(i.e., 15-30 years). In contrast, memories cued by odors cluster in the first 

decade of life (i.e., childhood). Of particular interest to note is that Willander 

and Larsson (2008) reported that odor imagery alone evoked memories asso-

ciated to childhood (Figure 1). This could, according to Willander and Lars-

son (2008), imply that olfactory imagery also influences the temporal quali-

ties of retrieved autobiographical events.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The age distribution of odor-evoked (left) and odor-imagery 

evoked (right) autobiographical memories across the life span. Adapted from 

Willander and Larsson (2006, 2007). 
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Methods 

Assessment of mental imagery 

Volitional imagery 

Two main questionnaires have been developed for the study of volitional 

imagery. The first - Questionnaire Upon Mental Imagery (QMI) - created by 

Betts (1909), assesses mental imagery across several modalities.  In the ol-

factory modality it provides twenty words, each representing an odor that the 

participant is supposed to imagine by using his or her inner nose. The partic-

ipants are subsequently asked to rate perceived vividness and clearness of 

the image on 7-point Likert scale, ranging from “Perfectly clear and vivid as 

the actual experience” to “No image present at all, you only know that you 

are thinking of the object”.  

 

The Betts scale was revised to a shortened form by Sheehan (1967). Marks 

(1973) questioned the items used for the visual imagery task in the shortened 

QMI and subsequently developed a new scale “The Vividness of Visual 

Imagery Questionnaire” (VVIQ). Although it partly overlaps with the QMI, 

the VVIQ addresses visual imagery by providing scenarios, rather than sin-

gle words. Gilbert et al., (1998), further applied the structure of the VVIQ to 

an olfactory context, thus creating the “Vividness of Olfactory Imagery 

Questionnaire” (VOIQ) which, in contrast to the QMI, uses olfactory scenar-

ios rather than single odor objects to measure olfactory imagery. The VOIQ 

as well as the VVIQ use 5-point Likert scales to address the degree of vivid-

ness of 16 objects divided in four different scenarios (see Tables 1 and 2). 

Studies have shown positive correlation between the VOIQ and the VVIQ 

(e.g., Stevenson & Case, 2005b).   
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Table 1. Examples of mental scenarios and objects to-be-imagined in the 

“Vividness of Olfactory Imagery Questionnaire”, and their rating scale. 

Adapted from Gilbert et al. (1998). 

 
Example of  visual scenario  Examples of objects within a scenario Rating scale 

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. 
 

a. The smell of your shirt or blouse 
when you remove it. 

  

b. The fragrance of the soap or shampoo 
you use to wash. 

 

c. The smell of the fresh clothes you put 
on. 

 
d. The odor of an aftershave, perfume 

or cologne you use afterwards 

 
 

1. Perfectly realistic 
and as vivid as the 

actual odor  

 
2. Realistic and rea-

sonably vivid  

 
3.Moderately realistic 

and  vivid  
 

4. Vague and dim  

 
5. No odor at all, you 

only ‘know’ you are 

thinking of an odor  
 

 

 

Table 2. Examples of mental scenarios and objects to be imagined in 

the “Vividness of Visual Imagery Questionnaire”, and their rating 

scale. Adapted from Marks (1973). 

 
Example of  visual scenario  Examples of objects within a scenario Rating scale 

Visualize a rising sun. Consider 
carefully the picture that comes 

before your mind’s eye. 

 

a. The sun is rising above the horizon 
into a hazy sky. 

 

b. The sky clears and surrounds the sun 

with blueness. 

 
c. Clouds. A storm blows up, with 

flashes of lightning 
 

d. A rainbow appears 

 

1. Perfectly clear and 
as vivid as normal 

vision  

 

2. Clear and reasonably 

vivid  

 
3. Moderately clear and 

vivid 
  

4. Vague and dim  

 
5. No image at all, you 

only “know” that you 

are thinking of the 
object 

Olfactory dreams 

The three most commonly used measurement techniques applied to assess 

the frequency and phenomenological aspects of dreams include retrospective 

questionnaires, dream diaries, and laboratory awakenings (Schredl, 2002). 

Unlike retrospective questionnaires that may promote generation of false 

memories or biased reports, dream diaries and laboratory awakenings mini-

mize incorrect or inaccurate recall (Schredl, 2002). For example, Early 

(1977) reported that recall frequency in retrospective questionnaires varied 

as a function of personality. Specifically, introverts recalled more dreams 
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than extroverts if dream recall was measured retrospectively, whereas no 

differences were observed when dream diaries were applied. Likewise, 

women tend to report more intense dreams than men when using retrospec-

tive questionnaires, although this sex difference is not observed when 

mesured by diary notes (Schredl, 2002).  

 

The few studies that focus on chemosensory experience in dreams (e.g., ex-

perience of odors and tastes) have mainly used retrospective dream reports 

or dream diaries (e.g., Stevenson & Case, 2005; Zadra et al., 1998). The 

dream questionnaire designed by Stevenson and Case (2005) focuses on 

dream content derived from each sensory modality. By including detailed 

qualitative data, such as sensory dream frequencies, narratives, hedonics, and 

the vividness and duration of the sensory modality in the dream, it is possi-

ble to make comparisons between sensory modalities (see Table 3).   
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Table 3. Examples of questions that address sensory modalities in the      

Stevenson and Case (2005) Dream Questionnaire. 

 
                               Addressed modality in the dream report 

 Vision Olfaction 

Frequencies How often do you recall experiencing 

visual images in your dreams? 

 

Never   

Sometimes   

Often   

All the time 

How often do you recall experi-

encing smells (e.g. perfume, 

cooking etc.) in your dreams? 

Never   

Sometimes   

Often  

All the time 

Vividness How vivid, on average, would you rate 

the visual components of your dreams? 

 

Perfectly clear and as vivid as normal 

vision  

Moderately clear and vivid 

Clear and reasonably vivid   

Vague and dim 

 

 

How vivid, on average, would 

you rate the smell components of 
your dreams? 

Perfectly clear and as vivid as 

normal smelling  

Moderately clear and vivid 

Clear and reasonably vivid 

Vague and dim 

Narration  Could you describe a recent dream in 

which you experienced visual images? 
Please try to describe the whole dream 

and indicate the parts that involved 
visual imagery. 

 

Could you describe a recent 

dream in which you experienced 
smell? Please try to describe the 

whole dream and indicate the 
parts that involved smell(s).  

Vividness of specific 
sensory parts of the 

memory. 

What was the most vivid image in this 
dream? 

What was the most vivid smell in 
this dream? 

Confidence ratings of the 
specific image.  

How certain are you that you saw the 
image you described above in question? 

 

Unsure  

Slightly sure  

Moderately sure  

Very sure  

Absolutely certain 

How certain are you that you 
smelled what you described above 

in question? 

Unsure  

Slightly sure  

Moderately sure  

Very sure  

Absolutely certain 

Hedonic ratings of the 
specific sensory modality.  

Was the image you described above in 
question: 

 

Very Pleasant  

Pleasant  

Neutral  

Unpleasant  

Very Unpleasant 

Was the smell you described 
above in question: 

 

Very Pleasant  

Pleasant  

Neutral  

Unpleasant  

Very Unpleasant 

 

Duration of the sensory 
event. 

How long did the image you described 
above in question last for? 

 

The whole dream  

Part of the dream  

A brief bit of the dream 

 

How long did the smell you 
described above in question last 

for? 

The whole dream  

Part of the dream  

A brief bit of the dream 
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Assessment of olfactory function and behavior  

Olfactory threshold 

Absolute odor sensitivity may be determined by different methods (Kobal et 

al., 2000; Larsson & Bäckman, 1996), for example by using the staircase 

method or a two-alternative forced choice paradigm. In the latter, partici-

pants are presented with, for example, a pair of bottles or pens, one contain-

ing the target odor (n-butanol solution) and one blank (solution only). Partic-

ipants are asked to indicate which of the two stimuli smells the strongest. 

The assessment starts by presenting the lowest concentration (weakest odor), 

and the participant's threshold level is reached when the target odor is cor-

rectly discriminated from the blank at the same concentration level 4-5 times 

in a row. If the participant fails at a specific concentration, the succeeding 

higher concentration is presented until the criterion of n correct responses is 

reached. Brain imaging studies report that olfactory detection threshold 

mainly draws upon sensory processes (Savic et al., 2000; Seubert et al., 

2012). 

Odor identification  

Several studies indicate that semantic factors play an important role in olfac-

tory imagery (Stevenson & Case, 2005a). Likewise, semantic information, 

such as the degree of accessibility of odor names or semantic elaboration, 

positively contributes to successful episodic retrieval (Lehrner et al., 1999; 

Lyman & McDaniel, 1990; Rabin & Cain, 1984; Schab & Crowder, 1995; 

see Larsson, 1997, for a review). Odor identification can be assessed by free 

or cued identification. In free identification, the participant is instructed to 

name the odorant without any external assistance. An incorrect naming may 

be treated as a continuous variable (Larsson & Bäckman, 1996; Lyman & 

McDaniel, 1986; Rabin & Cain, 1984), where the incorrect label is indexed 

according to its semantic distance from the correct target name (Larsson & 

Bäckman, 1996). Following this approach, labeling the odor of lemon “or-

ange” would be indexed a near miss, whereas providing a more general label 

such as “fruit”,  would be considered a far miss. 

 

In cued odor identification, the participant is able to choose an odor name 

among a set of alternatives. The Sniffin’Sticks’ test assesses odor identifica-

tion by using 16 felt-tip pen devices filled with 16 common odorants. A mul-

tiple forced choice paradigm is used to determine odor identification ability, 

where four verbal labels are given per test odorant, one of which is correct 

(Hummel et al., 1997). 

 

Episodic odor memory 

Episodic memory refers to personal memories connected to a certain time 

and space. They thus include information about the “what”, “where”, and 
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“when” of a specific event (Tulving, 1983). Episodic odor memory may be 

assessed in two ways, (I) memory for the odor itself (e.g., the recognition of 

previously encoded odors), and (II) memories evoked and associated to a 

specific odor (e.g., autobiographical odor memories; Larsson & Melinder, 

2007).  
 

(I) Episodic odor recognition 

In the laboratory, episodic memories are typically assessed by asking partic-

ipants to recall or recognize information that has been encountered earlier in 

an experimental setting. In the typical procedure the participant is first pre-

sented with a set of odors and then instructed to discriminate previously en-

countered odors from new ones serving as distracters (Larsson, 1997). In 

order to obtain an index of recognition memory, hit rates and false alarm 

rates are computed. 

 

(II) Autobiographical odor memories  

There are several methods available for the assessment of autobiographical 

memories (Cabeza & St Jacques, 2007). The Galton-Crovitz method is one 

of the most commonly used, and it has the advantage of allowing the exper-

imenter to present any type of memory cue (e.g., visual, auditory, or olfacto-

ry) to the participant (Rubin, 2005; Rubin, Groth, & Goldsmith, 1984). In 

odor-evoked memories participants are asked to recall a specific memory 

defined in time and space after odor exposure. If retrieval is successful, the 

event is typically described and rated across a range of phenomenological 

dimensions (e.g., vividness, pleasantness, the feeling of being brought back 

in time). As a final task each evoked memory is dated.  
 

Functional magnetic resonance imaging 

Functional magnetic resonance imaging (fMRI) is a noninvasive measure-

ment technique that detects changes in blood oxygenation. As neuronal ac-

tivity increases, the demand for oxygen rises, which in turn results in an 

elevation of blood flow to regions where neural activity is increased. The 

hemoglobin in the red blood cells carries oxygen in the capillaries and deliv-

ers it to the neuron. Since hemoglobin is diamagnetic when it is oxygenated, 

but paramagnetic when deoxygenated, the difference in magnetic properties 

reveals small shifts in the MR signal depending on the degree of oxygena-

tion (Buxton, 2002). As blood oxygenation is a function of neural activity 

level, these shifts in the MRI-signal can be used to measure brain activity, 

which is a method commonly referred to as blood oxygenation level depend-

ent (BOLD) imaging (Logothetis, 2008; Ogawa et al., 1990). 
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General aims of the thesis  

The overall aim of this thesis was to study motoric, perceptual, cognitive, 

and neuroanatomical aspects of olfactory imagery. More specifically, the 

following aims were stated:  

 

1.  To investigate the effects of blocking spontaneous sniffing during   

volitional olfactory imagery on experienced imagery vividness. 

  

2. To investigate if olfactory awareness, as indexed by olfactory dreams, 

volitional olfactory imagery, and olfactory interest, influences olfactory 

functions  as determined by odor threshold, odor identification, and episodic 

odor recognition.    
 

3. To investigate the neural correlates of odor-evoked autobiographical 

memories as a function of (a) cue modality (i.e., odors and their verbal refer-

ents), and (b) memory remoteness. 
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 Summary of the empirical studies  

Study I 

Arshamian, A., Olofsson, J. K., Jönsson, F. U., & Larsson, M. (2008). Sniff 

your way to clarity: the case of olfactory imagery. Chemosensory Percep-

tion, 1(4), 242-246. 

Aim 

The main aim of Study I was to investigate the effects of blocking spontane-

ous sniffing during olfactory imagery.  

Background 

Bensafi et al. (2003) reported that participants instructed to imagine an odor 

spontaneously initiated sniffing, an act that did not occur during visual or 

auditory imagery. Moreover, they showed that sniff magnitude varied as a 

function of perceived odor image hedonic valence, such that sniffs taken 

while generating pleasant odor images were larger than sniffs that were tak-

en when evoking unpleasant ones. Also, Bensafi et al. (2005) showed that 

sniffing behavior was directly linked to the individual’s capacity to imagine 

odors. Changes in sniff magnitude related to the hedonic value of the imag-

ined odor were more similar to natural odor perception in good olfactory 

imagers compared to poor ones. Interestingly, when participants were pre-

vented to sniff the capacity to imagine odors declined (Bensafi et al., 2003). 

Overall, these studies indicated that sniffing behavior during olfactory im-

agery mimicked the sniffing behavior observed during real odor perception, 

and that preventing sniffing had a direct causal effect on olfactory imagery. 

However, participants in this experiment had been encouraged to sniff, a 

factor that could have potentially confounded the results. Consequently, the 

sniff prevention during such an experiment could have affected the partici-

pants to change their behavior according to the perceived aims of the study, 

an observation known as “demand characteristic” (Orne, 1962). Also, there 

was no equivalent control measure in the visual imagery condition, nor was 

there any control for the impact of potential discomfort following the pre-

vention of sniffing. Hence, the aim of Study I was to replicate the effect of 

blocked sniffing on olfactory imagery while controlling for these factors. 
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Method 

Forty participants (7 men and 33 women, mean age of 29.9, age range 19–52 

years) from a total population of 111 adults from Stockholm University were 

selected. Participant selection was based on the combined measures of olfac-

tory and visual imagery, olfactory dreams, and olfactory interest. The forty 

participants with the highest ability in these factors were included. To con-

trol for demand characteristics each participant was tested in six different 

conditions: (1) an olfactory deprivation condition using a nose clip, (2) a 

visual deprivation condition using an eye mask, and (3) a free, non-blocked 

condition across both olfactory and visual imagery. Participants were pre-

sented with 90 words (15 in each condition) and asked to rate vividness of 

either the olfactory or the visual image.  

Results 

The overall results (see Figure 2) revealed that participants provided signifi-

cantly higher vividness ratings for visual than for olfactory mental images. 

Blocked sniffing affected vividness ratings of olfactory, but not of visual 

imagery. In contrast, blocking vision neither affected olfactory, nor visual 

imagery.  

 

 

                        
Figure 2.  

Mean olfactory and visual vividness scores (+SE) across experimental ma-

nipulations. 

Imagery condition  
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Conclusion 

Preventing spontaneous sniffing reduces olfactory, but not visual imagery 

capacity. 

 

Study II 

Arshamian, A., Willander, J., & Larsson, M. (2011). Olfactory awareness is 

positively associated to odour memory. Journal of Cognitive Psychology, 

23,220-226. 

Aim 

The aim of Study II was to investigate the relationship between olfactory 

awareness (as indexed by olfactory dreams, olfactory imagery, and olfactory 

interest) and olfactory behavior (i.e., odor threshold, episodic odor memory, 

and odor identification). 

  

Background  

Several studies show that expert knowledge in sensory domains, such as 

audition and olfaction, affects behavior (Bende & Nordin, 1997; McAdams 

et al., 1995; Melcher & Schooler, 1996). Within the olfactory domain, this 

has been illustrated by observing higher olfactory proficiency among wine 

experts than among novices (Bende & Nordin, 1997). The extensive training 

underlying these improvements has been linked to enhanced cognitive skills 

such as increased semantic knowledge, rather than changes at the perceptual 

level (e.g., threshold). While there are several studies targeting olfactory 

experts, few have focused on interindividual differences in olfactory profi-

ciency as a function of olfactory awareness. However, Stevenson and Case 

(2005) addressed these questions by comparing a group of participants that 

reported olfactory dreams with a group that did not. Their results revealed 

that the olfactory dreamers identified a significantly higher number of odors 

than did the non-olfactory dreamers. Furthermore, they showed that partici-

pants who reported having olfactory dreams were overrepresented in the 

group reporting a good olfactory imagery capacity and high odor interest. 

Olfactory imagery capacity and odor interest were in turn correlated with 

better odor identification, regardless of olfactory dream capacity. Moreover, 

Gilbert et al. (1998) reported that olfactory fragrance experts outperformed 

non-experts in olfactory imagery capacity, and that participants high in ol-

factory imagery also perceived odors as more familiar (Bensafi & Rouby, 

2007). Thus, the propensity for olfactory dreams, the capacity for olfactory 

imagery, and the interest in odors seem jointly to be a good indicator of indi-

vidual olfactory awareness and potentially of olfactory behavior. Study II 

aimed to further explore and extend potential associations between olfactory 
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awareness (as indexed by olfactory dreams, imagery, and odor interest) and 

olfactory performance. This was done by comparing measures of olfactory 

threshold, memory, and identification between a group of olfactory dreamers 

who scored high in olfactory imagery and odor interest with a group of low 

scoring non-olfactory dreamers.  

Method 

119 participants from Stockholm University answered questionnaires that 

were focused on olfactory and visual imagery, olfactory interest, and the 

prevalence of sensory experiences in dreams. Based on the results from these 

questionnaires two groups with 20 participants each were formed: a high 

olfactory awareness group (15 women, mean age of 27, age range 19-41 

years) and a low olfactory awareness group (13 women, mean age 26.3; age 

range 20-47 years). The twenty olfactory dreamers who had the highest 

scores in olfactory imagery and interest comprised the high olfactory aware-

ness group, while the twenty non-olfactory dreamers with the lowest scores 

in olfactory imagery and interest formed the low olfactory interest group. 

The participants were tested for odor threshold, episodic odor memory, and 

free and cued odor identification.  

Results 

The results showed that the high olfactory awareness group had significantly 

better episodic odor memory, which  was illustrated by higher hit rates, low-

er false alarms, and a higher hits-false alarm rate than the low olfactory 

awareness group (see Figure 3). Moreover, the high olfactory awareness 

group identified more odors in free odor identification, however there were 

no differences in odor threshold and cued odor identification between the 

two groups. In addition, odor identification did not mediate the three 

measures of memory performance.  
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Figure 3. Z-transformed raw scores across olfactory tasks for the high and 

low olfactory awareness groups. * P < 0.05. 

Conclusion  

Variation in olfactory awareness is related to cognitively but not perceptual-

ly driven olfactory tasks.  

Study III 

Arshamian, A., Iannilli, E., Gerber, J.C., Willander, J., Persson, J., Seo, H.S., 

Hummel, T., & Larsson. M. (2013). The functional neuroanatomy of odor 

evoked autobiographical memories cued by odors and words. Neuropsycho-

logia, 51, 123-131.  

Aim  

The aims of Study III were to investigate the neural correlates of odor 

evoked autobiographical memories as a function of (a) cue modality (i.e., 

odors and their verbal referents), and (b) memory remoteness. 

Background 

The majority of behavioral and neuroimaging studies targeting autobio-

graphical memory (AM) have used visual or verbal information as retrieval 

cues. Studies have shown that odor-evoked autobiographical memories are 

experienced as more pleasant, more emotional, and that they are associated 

with a stronger feeling of being brought back in time to the occurrence of the 

event compared to memories evoked by verbal and visual cues (Chu & 

Downes, 2000; Herz & Schooler, 2002; Larsson & Willander, 2009; Rubin 

* 
* * 

* 

Olfactory task 

Z
-s
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re

 

Threshold     Hit rate    False alarm       Hit-FA       Free id         Cued id 
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et al., 1984). Furthermore, it has been shown that OEAMs proportionally 

more often are located to the first decade of life, rather than to the second, 

which is typical for visually and verbally cued AMs (Chu & Downes, 2000; 

Larsson & Willander, 2009). Some neural aspects concerning odor cued 

AMs were addressed in a study by Herz et al. (2004) which showed that 

olfactory as compared to picture cues activated the hippocampus and amyg-

dala significantly more. Herz et al. (2004) hypothesized that the increased 

amygdala activation could account for the higher emotionality of OEAMs. 

Considering that neuroimaging studies targeting AMs frequently report acti-

vation in areas related to visual imagery and perception (Svoboda et al., 

2006) it is likely that OEAMs also activate regions associated with olfactory 

imagery and perception.  

 

In order to address questions regarding the neural correlates of aspects like 

pleasantness, emotionality, being brought back in time, odor imagery, and 

clustering of the representations referring to the first decade of life, OEAMs 

from the whole lifespan were cued with an odor and its verbal referent in an 

fMRI paradigm. Because the OEAMs were kept constant while the cues 

were changed, a direct comparison of cue dependent activity was possible. 

 

Method  

In a pre-selection session 67 participants from Dresden Medical School were 

presented with 20 odor cues. If an autobiographical memory was evoked, 

they were asked to rate its phenomenological attributes (e.g. of pleasant-

ness). The prerequisite for inclusion in the study was that each participant 

had a minimum of two spontaneous OEAMs. Fifteen participants (8 women, 

mean age of 24.7, age range 20-28 years) were included in the fMRI session. 

During the fMRI session participants were presented with the same odor cue 

as in the pre-scan session and its verbal referent. Each block (odor cue /word 

cue) spanned over 40 seconds and was repeated four times. In the post- scan 

session, participants were once again presented with the odor and word cues, 

and asked to describe the memories evoked in the scanner, and to rate the 

phenomenological aspects of the retrieved memories.  

Results 

Experiential ratings as a function of retrieval cue are presented in Figure 4. 

Odor-cued OEAMs were experienced as more emotional, pleasant, and in-

duced a stronger feeling of being brought back in time than verbally cued 

OEAMs. Both odor and word cues activated regions generally associated 

with the recollection of AMs. Although no odors were present at the time, 

verbal cuing of the OEAMs evoked regions associated with olfactory image-

ry and perception, such as the piriform cortex and insula. Also, relative to 

verbal cues, odor-cued OEAMs were related to higher activity in limbic are-

as involved in emotional processing and temporal regions that are associated 
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with experiencing pleasantness. Verbal cues produced a more widespread 

prefrontal activation pattern than odors. However, odor cues gave rise to 

higher activation in prefrontal regions, typically associated with the phe-

nomenological aspect of being brought back to the moment of the event. 

OEAMs from the first decade of life were associated to stronger activation in 

regions that are involved in odor processing (i.e., orbitofrontal cortex), 

whereas OEAMs from the second decade of life were related to activation in 

the left inferior frontal gyrus, which is involved in semantic memory pro-

cessing. 

 

  
 

Figure 4.  Post-scan ratings (±SE) of emotionality, pleasantness, and the 

feeling of being brought back in time for odor and word cued autobiograph-

ical odor memories). *P < 0.05, ** P < 0.01. 

 

Conclusion  

The main findings from Study III were that OEAMs activated the same neu-

ral regions that are associated with AM in general. In addition, verbally cued 

OEAMs activated areas that are involved in olfactory imagery and pro-

cessing. Odor cues activated the limbic and temporal pole regions to a great-

er extent than did verbal cues; a finding that may explain the phenomenolog-

ical differences between the two sensory cues. Moreover, OEAMs from the 

first decade of life generated higher activity in the secondary olfactory cor-

tex, whereas memories from young adulthood activated areas that are in-

volved in semantic memory processing.  
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Discussion  

The present thesis investigated motoric, perceptual, cognitive, and neuroana-

tomical aspects of olfactory imagery. The main findings of the three empiri-

cal studies are summarized below:  

 

 

1. Prevention of spontaneous sniffing reduces olfactory but not visual 

imagery capacity. The results were independent of demand charac-

teristics.  

 

2. Variation in olfactory awareness is related to cognitively but not 

perceptually driven olfactory tasks.  

 

3. OEAMs activate the same neural regions that are associated with 

AM in general. In addition, verbally cued OEAMs activate areas that 

are involved in olfactory imagery and processing. Odor cues activate 

limbic and temporal polar regions more extensively than do verbal 

cues. This might explain the phenomenological differences observed 

between the two sensory cues. Moreover, OEAMs from the first 

decade of life are associated with higher activity in the secondary ol-

factory cortex. Memories from young adulthood, on the other hand, 

activate areas that are involved in semantic memory processing 

more.  

 

Below, the main findings will be addressed and discussed along with meth-

odological considerations of the three studies.  

Motor activity and imagery 

Motor activity is an integral part of mental imagery (Brandt & Stark, 1997; 

Hubbard, 2010). As demonstrated by the findings presented in Study I, this 

is also true for olfactory imagery. Sniffs taken during olfactory imagery not 

only mimic those taken during perception, but also enhance the ability to 

form olfactory images. Following this line of reasoning, it was found in 

Study I that by blocking the nostrils participants experienced more difficulty 

in forming olfactory images. Blocking vision did not affect imagery perfor-
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mance; hence, we concluded that possible demand characteristics, such as 

the participant’s expectation that blocking a sensory modality would dimin-

ish imagery, could not explain the decline in olfactory imagery ability when 

the nostrils were blocked. Furthermore, participants were not aware of the 

study aims. According to Bensafi et al. (2005), preventing spontaneous sniff-

ing reduces image vividness among participants who are classified as good 

olfactory imagers. Similarly, the participants in Study I were classified as 

good olfactory imagers. This outcome suggests that although sniffing is a 

common behavior during imaging, it is only of practical significance among 

individuals who are skilled odor imagers. However, the reverse could also be 

true; namely that successful mimicking of olfactory perception supports the 

olfactory image.    
 

By the onset of air flow into the nostrils (i.e., the somatosensory component 

of the sniff), the primary olfactory cortex is activated (Mainland & Sobel, 

2006). Although the ultimate role of the olfactory cortex is to encode odors, 

an odorless sniff nevertheless induces activity in the area. Along these lines, 

it is of interest to note that patients suffering from phantosmia (olfactory 

hallucinations) go to great lengths in order to avoid nasal air flow. This 

might be explained by the observation that hallucinations are often initiated 

in conjunction with a small sniff (Leopold, 2002).  

 

Nevertheless, olfactory cortex activation is much smaller when the sniff is 

taken in a non-olfactory context (Zelano et al., 2004). This suggests that the 

primary olfactory cortex is attention-dependent (Zelano et al., 2004). There-

fore, shifts in attention could perhaps explain differences among individuals 

in olfactory imagery performance. More specifically, asking participants to 

create an olfactory image puts them in an olfactory context which in turn 

shifts their attention towards the odor. Hypothetically, this shift could be 

mediating how well participants perform. Good olfactory imagers may simp-

ly be better in shifting their attention. The question of why some individuals 

could be better at making this shift remains unaddressed for now, but will be 

highlighted in Study II.  

Olfactory awareness and olfactory function 

Study II screened for markers associated with olfactory cognition (Stevenson 

& Case, 2005b). These included the prevalence of olfactory dreams, the viv-

idness of volitional olfactory imagery, and the amount of olfactory interest. 

Based upon the results from Stevenson and Case (2005b), it was hypothe-

sized that a combination of these markers would be a useful strategy to use 

to identify people with high and low in olfactory awareness. The results from 

Study II showed that the high olfactory awareness group preformed signifi-

cantly better in free odor identification and odor recognition than the low 
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awareness group. However, there was no difference in threshold levels be-

tween the groups, which indicates that the advantage in olfactory perfor-

mance was cognitive rather than perceptual. It should be noted that although 

there were significant differences in hit rates in odor recognition, both 

groups performed well. Nevertheless, the low awareness group had higher 

false alarm rates and larger standard deviations than the high awareness 

group. This could imply that the low olfactory awareness group varied more 

in their odor recognition capacities, and hence were composed of a more 

heterogeneous group when measuring olfactory recognition memory. How-

ever, it could also mean that the high olfactory awareness group was more 

homogeneous. In a related study, Parr et al. (2002) reported that wine experts 

not only had better odor recognition memory, but also demonstrated less 

within-group variability. 

 

The common denominator for the participants in the high olfactory group 

was that they reported high capacity for evoking volitional imagery (both 

olfactory and visual) and a prevalence of olfactory dreams. Moreover, they 

reported greater general interest in odors. The opposite was true for the low 

awareness group. A hypothesis was that these measures were related to vari-

ation in olfactory awareness, and that they are associated with olfactory be-

havior. First, although there were differences between the groups in odor 

identification and recognition memory, the data were correlational. Second, 

although these measurements were associated with olfactory performance, 

this association could be attributed to any of the three markers, or a combi-

nation of these. Third, participants who are proficient in olfactory cognition 

may be more interested in odors, and may therefore recall more dreams with 

an olfactory content. Finally, the results could have derived from the fact 

that participants in the low olfactory group were selectively poorer than av-

erage in olfactory cognition, while the high group had a normal capacity.  

 

The considerations above reflect some of the problems associated with the 

use of extreme groups in research (e.g., Preacher et al., 2005). However, 

while these counter-explanations are logically possible, they are not all 

equally plausible. First, evidence from expertise literature shows that interest 

alone has little or no effect on modality-specific performance. For example, 

while professional musicians excel in discriminating timbre, amateur musi-

cians and non-musicians do not differ in ability (McAdams et al., 1995). In a 

similar vein, olfactory experts (e.g., perfumers and wine experts) outperform 

amateurs and individuals with an olfactory interest in a range of cognitive 

olfactory tasks (for a review, see De Beni et al., 2007).  

 

In Study II, it could be hypothesized that the high awareness group took an 

intermediate position between novices and experts. Also, the high awareness 

group may be considered comparable to the group of good odor namers in 

Tomiczek and Stevenson’s (2009) study. Here, olfactory imagery priming 
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was only obtained among good odor namers following odor imagery. Partic-

ipants in the high awareness group in Study II were good at odor naming, 

and similarly to the good odor namers in Tomiczek and Stevenson’s (2009) 

study, they may have activated networks that contribute to enhanced recog-

nition when they were asked to memorize odors. In this case, the effect 

would be restricted to the high awareness group, whereas the low group, 

who are relatively bad at odor naming, would not have benefited from trying 

to remember the odors. Similarly, participants from Study I could be good at 

shifting their attention towards odor images just because they were good at 

naming odors. 

 

Interestingly, the advantage of episodic odor memory observed in the high 

awareness group was not driven by semantic proficiency, which is in sharp 

contrast to available evidence (e.g., Larsson, 1997). In a related study, Parr 

et al. (2002) reported that wine experts performed better in olfactory recog-

nition but not in olfactory threshold. Notably, odor recognition was unrelated 

to proficiency in odor naming. Parr et al. (2002) suggested that wine experts 

were less susceptible to verbal overshadowing and that they employed more 

sensory-based memory processing, for example in the form of olfactory im-

ages.  

Odor-evoked autobiographical memories and imagery 

Study III showed that OEAMs evoked by odors induced memories that were 

more emotional and pleasant, and produced stronger feelings of being 

brought back in time, than OEAMs evoked by words. Moreover, an fMRI 

analysis revealed that both cues activated the core neural networks associat-

ed with autobiographical memories (Svoboda et al., 2006). Both odor-

evoked and word-evoked OEAMs activated areas associated with olfactory 

processing and imagery, such as the piriform cortex and the insula. Howev-

er, several differences in activation patterns were reported for the cues. 

Compared to word cues, olfactory cues activated the limbic and temporal 

lobes to a greater extent. Significant activations were found in the tempopo-

lar cortex and in the parahippocampus/anterior entorhinal cortex. Activities 

in these areas may reflect the enhanced emotional experience and pleasant-

ness following odor-evoked OEAMs. Notably, as the odor stimulation per se 

was controlled, the observed activation likely originated from the memory 

representation. Also areas involved in visual vividness, such as precuneus, 

were significantly more activated for odor cues. Hence, these observations 

may reflect some of the phenomenological differences following cue modali-

ty, which has previously been observed in the retrieval of AMs (e.g., Chu & 

Downes, 2000; Herz & Schooler, 2002; Willander & Larsson, 2006, 2007).   
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Both verbal and olfactory cues involved prefrontal areas, although the activi-

ty was less pronounced following odor presentation. Word cues activated 

wide-spread and bilateral prefrontal activity (e.g., middle frontal gy-

rus/APFC/DLPFC/inferior frontal gyrus). In contrast, activations following 

the odor cues were localized in the right middle frontal gyrus/DLPC. In gen-

eral, left prefrontal or bilateral activity is dominant in AM studies, whereas 

right prefrontal activity has been associated with AMs that involve strong 

feelings of being brought back time (Steinvorth et al., 2006). The significant 

activation in the bilateral temporal/tempopolar cortex for odor-cued memo-

ries in combination with right-sided prefrontal activity are congruent with 

the network described by Steinvorth et al., (2006), supporting experiences of 

mental time traveling. These activations could to some extent reflect the 

celebrated description of mental time travel that has been so elegantly for-

mulated by Proust (1913).  

 

It can be assumed that the targeted OEAMs in Study III were consolidated in 

conjunction with an odor. Intriguingly, verbally cued OEAMs activated the 

olfactory cortex, which may indicate the presence of olfactory imagery. Al-

so, comparing word-cued OEAMs derived from the first decade of life with 

the second decade, a specific activity in orbitofrontal cortex that supports 

conscious olfactory perception (Li et al., 2010) was localized. In contrast, 

memories from the first decade of life were associated with a lower activa-

tion in an area related to semantic memory (i.e., left inferior frontal gyrus) 

when compared to memories from the second decade. Several studies have 

reported that our ability to represent olfactory information is highly devel-

oped at an early age (e.g., Delaunay-El et al., 2010; Schaal et al., 2000). Be-

cause of the limited capacity to semantically consolidate memories during 

the initial years of life, it could be speculated that OEAMs that refer to inci-

dents that occurred at this age contain less semantic information, and more 

olfactory imagery than memories consolidated at an older age. 

Methodological considerations  

Studies I and II 

Both Studies I and II took use of an extreme group approach. Although only 

one group was assessed in Study I, Study II compared two groups at each 

end of the distribution. Preacher et al. ( 2005) stated that “... if research is 

still in the exploratory stage in which there is little prior research to guide 

theory development, EGA [extreme group approach] can sometimes be used 

to enhance the detectability of effects.” Both Studies I and II focused on 

fairly unexplored scientific topics, and the use of an extreme group was 

therefore adopted. However, some problems arise with this approach. For 

example, there was no possibility of examining which one of the independ-
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ent measures (i.e., vividness, olfactory dreams, and interest) represented the 

best predictor for the respective task. First, participants in the high olfactory 

awareness group had experienced olfactory dreams, and scored the highest in 

imagery and interest in a larger sample of individuals (n=119). Thus, given 

that prevalence of olfactory dreams was a prerequisite for group inclusion, it 

was not possible to use the dream measure as a predictor for olfactory per-

formance. Second, the other two criteria – imagery and interest – were high-

ly correlated, and consequently not suitable as predictors in a regression 

model. It is worth noting that the observation that odor naming was unrelated 

to episodic odor memory recognition may be connected to a restriction of 

range problem. Furthermore, the cued odor identification test was too easy 

and reached ceiling effects. Further, a word of caution is warranted for the 

dream reports which relied on subjective recollections. This measure may be 

affected by general memory capacity as well as differences in attention to-

wards and interest in modality-specific details. Most of these concerns could 

have been solved if a more representative population had been used. 

Study III 

Several limiting factors must be considered when working with odors. Un-

fortunately, many of these specifically diminish the quality of an optimal 

fMRI study, especially within an autobiographical memory context. First, 

because OEAMs are rare (16% as estimated by e.g., Willander & Larsson, 

2006), it is highly unlikely that randomly picked odors would elicit an 

OEAM. Moreover, the ability to overcome this problem by increasing the 

total number of odors delivered to the participant is limited compared to the 

visual and auditory modalities. In studies addressing visually and auditory 

evoked AMs, it is not uncommon with 30 or even 100 cues (e.g., Cabeza, et 

al., 2004; Janata, 2006). As this numbers are not feasible with the current 

olfactometer, participants had to be screened for OEAMs during a pre-scan 

session. This procedure might have resulted in participants recalling the pre-

scan session instead of remembering the actual OEAM in the scanner. There 

was also a risk that participants would repeat the OEAM between the two 

sessions. However, post-scan interviews revealed that participants did evoke 

their personal OEAMs in the scanner, and that they were not repeated be-

tween sessions. Moreover, two retrieved memories for each participant are 

few in the context of fMRI studies addressing AMs (c.f.  Cabeza, et al., 

2004; Janata, 2006). Increasing the number of memories for each person 

would increase the signal-to-noise ratio, and hence decrease the risk for a 

type II-error.    

 

Twenty seconds of odor stimulation is associated with fast habituation and 

reduction of activity in the primary olfactory cortex (Gottfried, 2006). Un-

fortunately, thirty seconds is reported to be a suitable time interval for 

OEAM retrieval (Willander & Larsson, 2006). Moreover, subtracting the 

activation of control odors from odor-cued OEAMs could have potentially 
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masked activity specific to the OEAM in the olfactory cortex. These prob-

lems (i.e. habituation, repetition of OEAM, and low signal-to-noise ratio) 

could partially be addressed in an event-related paradigm with numerous 

odor cues. 

The case for olfactory imagery 

The imagery debate has focused for the last forty years on whether depictive 

representations are used in human cognition or not (Kosslyn et al., 2006). 

Although the majority of studies have focused on visual (Kosslyn et al., 

2006), and auditory (Hubbard, 2010) mental images, knowledge regarding 

olfactory imagery is increasing (Stevenson & Case, 2005a). However, while 

the topic within the visual and auditory contexts mostly concerns the form of 

the mental image, the discussion within the olfactory community has been 

focused on its mere existence (Stevenson & Case, 2005a). Although the 

sense of smell differs from vision and audition, many aspects concerning 

mental imagery do not. Table 4 displays an overview of studies targeting 

different aspects of mental imagery in vision, audition, and olfaction. The 

comparison among these modalities implies that olfactory imagery, similarly 

to visual and auditory imagery, displays the corresponding psychophysical, 

behavioral, and neural structures as real olfactory perception. The pattern in 

these studies along with the findings from the three studies included in the 

present thesis constitutes a crucial argument for an existing olfactory image-

ry capacity similar to that found in other sensory modalities. However, the 

present thesis does not provide any specific conclusion regarding the form of 

this image. Both a quasi-pictorial approach, as advocated by Kosslyn et al. 

(2006), and propositional theories, as promoted by Pylyshyn, (2002) may 

account for many of the (same) empirical findings presented in the three 

studies. For example, according to the ideas of Kosslyn (2003,) the results of 

Study I would implicate that similarly to ocularmotor activity in visual im-

agery, the act of sniffing facilitates the retrieval from long term memory, 

thereby making implicit information explicit and accessible for short-term 

odor images. Pylyshyn (2003), on the other hand, would state that because 

olfactory imagery is epiphenomenal, the act of sniffing is a result from tacit 

knowledge that people have. They reenact the relevant exploratory proce-

dures as if there was a functional olfactory image. 

 

Subsequently, the study of olfactory imagery should no longer be conducted 

to verify or refute the olfactory image, but rather to elucidate its form. With 

that said, the combined results of the three studies could implicate that there 

is a functional olfactory imagery capacity, as both differences found in epi-

sodic odor recognition and neural activity in olfactory cortex following 

OEAMs are hard to explain as a result of tacit knowledge.  
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Table 4. Example of mental imagery studies reporting similar findings across the visual, auditory, and olfactory modalities. 

 

 Visual imagery Auditory imagery Olfactory imagery 

Observations    

Preserved properties 
 

Correspondence in multidimen-

sional scaling between percep-

tion and imagery. 

 

 

Similar ratings of presented 

and imagined states of the 

U.S (Shepard & Chipman, 

1970).  

 

 

Similar ratings of perceived 

and imagined musical 

timbre (Halpern, Zatorre, 

Bouffard, & Johnson, 2004).  

 

 

 

 

Similar ratings between per-

ceived and imagined odors (Car-

rasco & Ridout, 1993; Sugiya-

ma, Ayabe-Kanamura, & Kiku-

chi, 2006).  

 

 

Psychophysical correspondence 

between perception and image-

ry.  

Preserved time properties 

following mental rotation of 

three-dimensional objects 

(Shepard & Metzler, 1971).  

Preserved pitch distance in 

auditory imagery (Intons-

Peterson,  Russell, & Dressel, 

1992).  

Preserved intensity for perceived 

and imagined odors    

(Algom & Cain, 1991).  
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Observations 

 

Interference in perceptual 

thresholds as a function of 

imagery 

Visual imagery 

 

 

Visual imagery interference 

with visual perception 

(Craver-Lemley & Reeves, 

1992).  

Auditory imagery 

 

 

Interference of imaged sounds 

on detection of auditory signals 

(Segal & Fusella, 1970).  

Olfactory imagery 

 

 

Interference effects of odor im-

agery on odor detection 

(Djordjevic, Zatorre, Petrides, & 

Jones-Gotman, 2004).  

Sensory specific hallucina-

tions 

 

Hallucinations in schizophre-

nia. 

  

 

 

(Stefan, Bracha, & Wol-

kowitz, 1989). 

 

 

 

(George & Neufeld, 1985).  

 

 

 

(Stedman & Clair, 1998). 

 

 

Hallucinations in patients with 

epilepsy.  

 

(Panayiotopoulos, 1999). 

 

(Korsnes, Hugdahl, Nygård & 

Bjørnæs,  2010).  

 

(West & Doty, 1995). 

Hallucinations associated with 

migraine.  

 

Hallucinations associated with 

drug abuse. 

(Schott, 2007).  

 

 

Cocaine-induced (Siegel 

(1978).  

 

During alcohol withdrawal 

(Bayard, Mcintyre, Hill, & 

Woodside, 2004). 

(Rubin, McAbee, & Feldman‐
Winter, 2002). 

 

Cocaine-induced (Siegel 

(1978).  

 

During alcohol withdrawal 

(Saravay & Pardes, 1967). 

(Fuller & Guiloff,  1987).  

 

 

Cocaine- induced (Siegel, 1978). 

 

 

During alcohol withdrawal (Ste-

venson & Langdon, 2012a). 
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Observations 

 

Dream reports containing a 

sensory component  

 

Visual imagery 

 

 

(MacCarely & Hoffman, 

1981).  

 

Auditory imagery 

 

 

Zadra, Nielsen, & Donderi, 

1998).  

Olfactory imagery 

 

 

(Stevenson & Case, 2005b) 

Volitional mental imagery 
 

Reports of volitional imagery 

involving a sensory component.  

 

 

 

(Marks, 1973).  

 

 

(Willander & Baraldi, 2010).  

 

 

(Gilbert, Crouch, & Kemp, 

1998). 

Correlations among different 

modalities in vividness for voli-

tional imagery.  

 

Correlation between visual 

and auditory imagery (Hub-

bard, 2010).  

 

Correlation between visual, 

auditory and olfactory im-

agery (White, Ashton, & 

Law 1974). 

Correlation between visual and 

auditory imagery (Hubbard, 

2010). 
 

Correlation between visual, 

auditory and olfactory imagery 

(White, et al., 1974). 

Correlation between olfactory 

and visual imagery (Stevenson, 

& Case, 2005b).  

 

Correlation between visual, au-

ditory and olfactory imagery 

(White, et al., 1974). 

 

Female advantage in reported 

volitional imagery vividness. 

 

(White, Ashton & Brown, 

1977).  

 

(White et al., 1977). 

 

(White et al., 1977). 
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Observation 

 

Peripheral motor activity 
 

Correspondence between senso-

ry specific peripheral motor 

activity and imagery. 

Visual imagery 

 

1.  

2.  

3.  

4. Similarity between scan-

paths made when viewing 

objects and when later im-

agining the same object 

(Brandt & Stark 1997). 

Auditory imagery 

 

 

 

 

Subvocalization during audito-

ry imagery for verbal materials 

and familiar melodies (Hub-

bard, 2010). 

 Olfactory imagery 

 

 

 

 

Similarity between olfactomotor 

activity during imagery and 

perception of the same odor 

(Bensafi et al., 2003). 

 

Diminished mental imagery 

following interference of pe-

ripheral motor activity. 

 

Decrease in visual imagery 

when interfering with the 

ocularmotor activity (Laeng 

& Teodorescu 2002) 

 

Decrease in performance in 

auditory imagery when subvo-

calization is blocked (Aleman 

& van’t Wout, 2004). 

 

Decrease in performance in ol-

factory imagery when sniffing is 

blocked (Bensafi et al., 2003). 

 

 

Activation of sensory-specific 

brain areas during imagery. 

 

(Ganis, Thompson, & 

Kosslyn, 2004).  

 

(Halpern, Zatorre, Bouffard, & 

Johnson, 2004).  

 

(Bensafi, Sobel, & Khan, 2007).  

Reports of mental sensation 

following electrical stimula-

tion of the brain. 

Stimulation of the nucleus 

subthalamicus (Diederich & 

Goetz, 2000). 

Stimulation of the lateral tem-

poral cortex (Moriarty, Boat-

man, Krauss Storm, & Lenz, 

2001). 

Stimulation of the olfactory bulb 

and tract (Kumar, Juhász, Sood, 

& Asano, 2012).  



 57 

 

Observation 

 

The effect of expertise on 

mental imagery 
 

The effect of domain-specific 

expertise on mental imagery. 

Visual imagery 

 

 

 

 

 

Enhanced recall of rapidly 

and randomly presented 

chess positions in profes-

sional chess players (Gobet 

& Simon, 1996).  

Auditory imagery 

 

 

 

 

 

Increased pitch and temporal 

acuity in auditory imagery as a 

function of musical training 

(Janata & Parro, 2006). 

Olfactory imagery 

 

 

 

 

 

Olfactory experts reporting more 

vivid images than nonexperts 

(Gilbert, Crouch, & Kemp, 

1998). 

 

Experience dependent function-

al and structural reorganization 

during mental imagery training. 

 

Functional reorganization 

among expert mnemonists 

for visual objects (Maguire, 

Valentine, Wilding, & Ka-

pur, 2002) and structural 

among expert GO players 

(Lee et al., 2010).  

 

Effects of musical expertise on 

functional and structural plas-

ticity (Groussard e t al., 2010). 

 

Experience induced structural 

and functional reorganization in 

perfumers (Delon-Martin et al., 

2013; Plailly, et al., 2012).  
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Suggestions for future studies 

 

There are still several issues that need to be explained regarding the nature of 

the olfactory image, and recently one of these were addressed by studying 

individuals with complete smell loss (i.e., anosmics). Two previous studies 

(Henkin & Levy, 2002; Levy et al., 1999) reported that anosmics showed 

activation in areas related to olfactory imagery, suggesting a preserved abil-

ity to imagine odors. However, the studies suffered from methodological 

concerns. For example, they only had a small number of patients (e.g., three 

patients in Levy et al., 1999), and they did neither control for sniffing nor 

report data for controls. In their new study, Flohr, Arshamian, Wieser, 

Hummel, Larsson, Mühlberger, and Hummel (2013) investigated olfactory 

imagery among anosmics and normosmics while also controlling for factors 

such as sniffing.  The results showed that anomics did show activity in areas 

associated with olfactory imagery, but that the pattern of activation was un-

related to the hedonic quality to-be-imagined (c.f., Bensafi et al., 2007).  

 

Longer duration of anosmia was associated with more activity in regions 

associated with olfactory imagery (e.g., insula; cf., Plailly et al., 2012). 

These results suggest that anosmics were not able to evoke olfactory images 

in the same manner as normosmics. The conclusion was that olfactory defi-

cits also limited the ability to mimic olfactory perception when evoking ol-

factory images. Thus, as is true for vision (e.g., Sacks, 2010) training in ol-

factory imagery may play a pivotal part in the success of creating an olfacto-

ry image. Therefore, it is possible that proficient odor namers are good at 

olfactory imagery precisely because they are able to train their ability to 

form these images.    

 

As noted, studies indicate that individuals high in volitional olfactory image-

ry ability are those who are most negatively affected by a prevention to sniff 

(Bensafi et al., 2005). Moreover, the ability to name an odor is directly 

linked to the ability to form an olfactory image of the same odor (Stevenson 

et al., 2007). Combining these two notions could thus implicate that the abil-

ity to name odors might be connected to the ability to generate hedonic-

specific sniff activity. Furthermore, it would be of interest to study the oppo-

site notion, that is, if training appropriate sniffing technique could facilitate 

olfactory imagery. Similarly, it would be motivated to study if olfactory 

dreams are also accompanied by shifts in olfactory sniff volume, and if noc-

turnal sniffs could be used as an indirect method to assess the existence of 

olfactory dreams. It would also be of interest to investigate if olfactory im-

agery, olfactory dreams, and olfactory interest change during language de-

velopment. If so, studying children longitudinally could shed light on how 
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these changes might affect olfactory functions, such as odor identification 

and episodic odor recognition memory.  

Concluding remarks  

The present thesis investigated olfactory imagery by studying sniffing, olfac-

tory awareness, and OEAMs. The results indicated that sniffing modulated 

the ability to imagine odors among individuals high in volitional olfactory 

imagery ability. High olfactory awareness was related to proficiency in odor 

naming and better episodic odor recognition memory. Also, OEAMs evoked 

by both odors and words activated networks related to AM and olfactory 

imagery. Finally, the present thesis proposes that humans have a real capaci-

ty to form olfactory images, and furthermore that the pursuit to fully eluci-

date this idea should not end here with a bang, but rather start with a sniff.  

 

 

 



 60 

References   

Aleman, A., & Wout, M. V. T. (2004). Subvocalization in auditory-verbal   

imagery: just a form of motor imagery? Cognitive Processing, 5(4), 228-

231. 

Algom, D., Marks, L. E., & Cain, W. S. (1993). Memory psychophysics for 

chemosensation: perceptual and mental mixtures of odor and taste. Chem-

ical senses, 18(2), 151-160. 

Algom, D., & Cain, W. S. (1991). Remembered odors and mental mixtures: 

    Tapping reservoirs of olfactory knowledge. Journal of Experimental 

    Psychology: Human Perception & Performance, 17, 1104-1119. 

 Amedi, A., Malach, R., & Pascual-Leone, A. (2005). Negative BOLD dif-

ferentiates visual imagery and perception. Neuron, 48, 859–872. 

Aristotle (2002). On the Soul and on Memory and Recollection. Green lion 

press. 

Ashton, R., & White, K. D. (1980). Sex differences in imagery vividness: An 

artifact of the test. British Journal of Psychology, 71(1), 35-38. 

Baddeley, A., & Logie, R. (1992). Auditory imagery and working memory. 

In D. Reisberg (Ed.), Auditory imagery (pp. 179-197). Hillsdale, NJ: Erl-

baum. 

Baird, J. C., & Harder, K. A. (2000). The psychophysics of image-

ry. Attention, Perception, & Psychophysics, 62(1), 113-126.   

Bayard, M., Mcintyre, J., Hill, K. R., & Woodside Jr, J. (2004). Alcohol 

withdrawal syndrome. American Family Physician, 69(6), 1443-1450. 

Bende, M., & Nordin, S. (1997). Perceptual learning in olfaction: Profes-

sional wine tasters versus controls. Physiology & Behavior, 62(5), 1065-

1070. 

Bensafi, M., Porter, J., Pouliot, S., Mainland, J., Johnson, B., Zelano, C., ... 

& Sobel, N. (2003). Olfactomotor activity during imagery mimics that 

during perception. Nature Neuroscience, 6(11), 1142-1144. 

Bensafi, M., Pouliot, S., & Sobel, N. (2005). Odorant-specific patterns of 

sniffing during imagery distinguish ‘bad’and ‘good’olfactory imagers. 

Chemical Senses, 30(6), 521-529. 

Bensafi, M., Sobel, N., & Khan, R. M. (2007). Hedonic-specific activity in 

piriform cortex during odor imagery mimics that during odor perception. 

Journal of Neurophysiology, 98(6), 3254-3262. 



 61 

Bensafi, M., & Rouby, C. (2007). Individual differences in odor imaging 

ability reflect differences in olfactory and emotional perception. Chemical 

Senses, 32(3), 237-244. 

Betts, G. H. (1909). The Distribution and Functions of Mental Imagery. 

Teachers College, Columbia University, New York, New York. 

Brandt, S. A., & Stark, L. W. (1997). Spontaneous eye movements during 

visual imagery reflect the content of the visual scene. Journal of Cogni-

tive Neuroscience, 9(1), 27-38. 

Bunzeck, N., Wuestenberg, T., Lutz, K., Heinze, H. J., & Jancke, L. (2005). 

Scanning silence: Mental imagery of complex sounds. Neuroimage, 26, 

1119–1127. 

Butler S. F., & Watson R. (1985). Individual differences in memory for 

dreams: the role of cognitive skills. Perceptual and motor skills, 61, 823–

828. 

Buxton R.B. (2002). Introduction to Functional Magnetic Resonance Imag-

ing: Principles and Techniques. Cambridge: Cambridge University Press. 

Cabeza, R., Prince, S. E., Daselaar, S. M., Greenberg, D. L., Budde, M., 

Dolcos, F., ... & Rubin, D. C. (2004). Brain activity during episodic re-

trieval of autobiographical and laboratory events: an fMRI study using a 

novel photo paradigm. Journal of Cognitive Neuroscience, 16(9), 1583-

1594. 

Cabeza, R., & St Jacques, P. (2007). Functional neuroimaging of autobio-

graphical memory. Trends in Cognitive Sciences, 11(5), 219-227. 

Cain, W. S. (1979). To Know with the Nose: Keys to Odor Identification. 

Science, 203, 467-470. 

Cain, W. S., & Potts, B. C. (1996). Switch and bait: probing the discrimina-

tive basis of odor identification via recognition memory. Chemical Sens-

es, 21(1), 35-44. 

Cain, W. S., & Algom, D. (1997). Perceptual and mental mixtures in odor 

and in taste: Are there similarities and differences between experiments or 

between modalities? Reply to Schifferstein (1997). Journal of Experi-

mental Psychology: Human Perception & Performance, 23, 1588-1593. 

Carrasco, M., & Ridout, J. B. (1993). Olfactory perception and olfactory 

imagery: A multidimensional analysis. Journal of Experimental Psychol-

ogy: Human Perception & Performance, 19, 287-301. 

Chu, S., & Downes, J. J. (2002). Proust nose best: Odors are better cues of 

autobiographical memory. Memory & Cognition, 30(4), 511-518. 

Coleman, E. R., Grosberg, B. M., & Robbins, M. S. (2011). Olfactory hallu-

cinations in primary headache disorders: Case series and literature review. 

Cephalalgia, 31(14), 1477-1489. 

Conway, M. A. (1988) Images in autobiographical memory. In M. Denis, J. 

Engelkamp, & J. T. E. Richardson (Eds.), Cognitive and Neuropsycholog-

icaI Approaches to Mental Imagery (pp.337-345). Dordrecht, The Nether-

lands: Martinus Nijhoff Publishers. 



 62 

Conway, M. A., & Pleydell-Pearce, C. W. (2000). The construction of auto-

biographical memories in the self memory system. Psychological Review, 

107(2), 261-288. 

Conway, M. A., Pleydell-Pearce, C. W., & Whitecross, S. E. (2001). The 

neuroanatomy of autobiographical memory: A slow cortical potential 

study of autobiographical memory retrieval. Journal of Memory and Lan-

guage, 45(3), 493-524. 

Craver-Lemley, C., & Reeves, A. (1992). How visual imagery interferes 

with vision. Psychological Review, 99(4), 633-649. 

Crowder, R. G., & Schab, F. R. (1995). Imagery for odors. In R. G. Crowder 

& F.R. Schab (Eds.), Memory for odors (pp. 93–107). Mahwah, NJ: Erl-

baum.  

Cui, X., Jeter, C. B., Yang, D., Montague, P. R., & Eagleman, D. M. (2007). 

Vividness of mental imagery: Individual variability can be measured ob-

jectively. Vision Research, 47(4), 474-478. 

Davidson, M., & Mukherjee, S. (1982). Progression of olfactory reference 

syndrome to mania: a case report. The American Journal of Psychia-

try, 139(12), 1623-1624. 

De Beni, R., Cornoldi, C., Larsson, M., Magnussen, S., & Rönnberg, J. 

(2007). Memory in Experts: Visual Learning, Wine Tasting, Orienteering, 

and Speech-Reading. In T. Helstrup, & S. Magnussen (Eds.), Everyday 

Memory (pp. 201-228). UK: Psychological Press.  

Delon-Martin, C., Plailly, J., Fonlupt, P., Veyrac, A., & Royet, J. P. (2013). 

Perfumers’ expertise induces structural reorganization in olfactory brain 

regions. NeuroImage, 68, 55-62. 

Delaunay‐El Allam, M., Soussignan, R., Patris, B., Marlier, L., & Schaal, B. 

(2010). Long‐lasting memory for an odor acquired at the mother’s breast. 

Developmental Science, 13(6), 849–863.  

Diederich, N. J., & Goetz, C. G. (2000). Visual hallucinations induced by 

deep brain stimulation in Parkinson's disease. Clinical neuropharmacolo-

gy, 23(5), 287-289. 

Djordjevic, J., Zatorre, R. J., Petrides, M., & Jones-Gotman, M. (2004). The 

Mind's Nose Effects of Odor and Visual Imagery on Odor Detection. Psy-

chological Science, 15(3), 143-148. 

Djordjevic, J., Zatorre, R. J., & Jones-Gotman, M. (2004). Odor-induced 

changes in taste perception. Experimental Brain Research, 159(3), 405-

408. 

Djordjevic, J., Zatorre, R. J., Petrides, M., Boyle, J. A., & Jones-Gotman, M. 

(2005). Functional neuroimaging of odor imagery. Neuroimage, 24(3), 

791-801. 

Early, E. M. (1977). Dream recall: Frequency and variation. Dissertation 

Abstracts International, 38, 2857-B. 

Engen, T. (1982). The perception of odors. New York: Academic Press. 

Engen, T. (1991). Odor sensation and memory. Greenwood Publishing 

Group. 



 63 

Farah, M. J., & Smith, A. F. (1983). Perceptual interference and facilitation 

with auditory imagery. Attention, Perception, & Psychophysics, 33(5), 

475-478. 

Farah, M. J. (1985). Psychophysical Evidence for a Shared Representational 

Medium for Mental Images and Percepts. Journal of Experimental Psy-

chology: General, 114(1), 91-103. 

Farah, M. J. (1989). The neural basis of mental imagery. Trends in Neuro-

sciences, 12(10), 395-399. 

Farah, M. J., Soso, M. J., & Dasheiff, R. M. (1992). Visual angle of the 

mind's eye before and after unilateral occipital lobectomy. Journal of Ex-

perimental Psychology. Human Perception and Performance, 18(1), 241-

246. 

Feltz, D., & Landers, D. (1983). Effects of mental practice on motor skill 

learning and performance: A meta-analysis. Journal of Sport Psychology, 

5, 25-57. 

Fiore, F., Cornoldi, C., De Beni, R., D'Urso, V., Eilertsen, D. E., & Magnus-

sen, S. (2012). Short-term memory for flavour. Journal of Cognitive Psy-

chology, 24(2), 134-139. 

Flohr, E. L. R, Arshamian A., Wieser, M. J., Hummel, C. Larsson, M., 

Mühlberger, A., & Hummel, T. (2013). The fate of the inner nose: Odor 

imagery in patients with olfactory loss. (submitted).  

Fodor, J. A. (1975). The language of thought. Harvard University Press. 

Foulkes, D., & Cavallero, C. (1993) Introduction. In: Dreaming as cognition, 

ed. C. Cavallero & D. Foulkes. Harvester Wheatsheaf. 

Fuller, G. N., & Guiloff, R. J. (1987). Migrainous olfactory hallucinations. 

Journal of Neurology, Neurosurgery, & Psychiatry, 50, 1688-1690. 

Frasnelli, J., Schuster, B., & Hummel, T. (2010). Olfactory dysfunction af-

fects thresholds to trigeminal chemosensory sensations. Neuroscience 

Letters, 468(3), 259-263. 

Frank, R. A., & Byram, J. (1988). Taste–smell interactions are tastant and 

odorant dependent. Chemical Senses, 13(3), 445-455. 

Freeman, W. J. (1981). A physiological hypothesis of perception. Perspec-

tives in Biology and Medicine, 24, 561-92. 

Ganis, G., Thompson, W. L., & Kosslyn, S. M. (2004). Brain areas underly-

ing visual mental imagery and visual perception: an fMRI study. Cogni-

tive Brain Research, 20(2), 226-241. 

George, L., & Neufeld, R. W. J. (1985). Cognition and symptomatology in 

schizophrenia. Schizophrenia Bulletin, 11, 264–284. 

Gilbert, A. N., Crouch, M., & Kemp, S. E. (1998). Olfactory and visual men         

tal imagery. Journal of Mental Imagery, 22(3-4), 137-146. 

Gottfried, J. A., Deichmann, R., Winston, J. S., & Dolan, R. J. (2002). Func-

tional heterogeneity in human olfactory cortex: an event-related function-

al magnetic resonance imaging study. The Journal of Neurosci-

ence, 22(24), 10819-10828. 



 64 

Gottfried, J.A. (2006). Smell: Central nervous processing. Advances in Oto-

Rhino-Laryngology, 63, 44–69. 

Gottfried, J. A. (2010). Central mechanisms of odour object perception. Na-

ture Reviews Neuroscience, 11(9), 628-641. 

Gobet, F., & Simon, H. A. (1996). Recall of rapidly presented random chess 

positions is a function of skill. Psychonomic Bulletin & Review, 3(2), 

159-163. 

Groussard, M., La Joie, R., Rauchs, G., Landeau, B., Chételat, G., Viader, 

F., ... & Platel, H. (2010). When music and long-term memory interact: 

effects of musical expertise on functional and structural plasticity in the 

hippocampus. PloS one, 5(10), e13225. 

Halpern, A. R., & Zatorre, R. J. (1999). When the tune runs through your 

head: A PET investigation ofauditory imagery for familiar melodies. Cer-

ebral Cortex, 9, 697–704. 

Halpern, A. R., Zatorre, R. J., Bouffard, M., & Johnson, J. A. (2004). Behav-

ioral and neural correlates of perceived and imagined musical timbre. 

Neuropsychologia, 42(9), 1281-1292. 

Henkin, R. I., & Levy, L. M. (2001). Lateralization of brain activation to 

imagination and smell of odors using functional magnetic resonance im-

aging (fMRI): left hemispheric localization of pleasant and right hemi-

spheric localization of unpleasant odors. Journal of computer assisted to-

mography, 25(4), 493-514. 

Henkin, R. I., & Levy, L. M. (2002). Functional MRI of congenital hy-

posmia: brain activation to odors and imagination of odors and 

tastes. Journal of computer assisted tomography, 26(1), 39-61. 

Herz, R. S., & Engen, T. (1996). Odor memory: Review and analysis. Psy-

chonomic Bulletin & Review, 3(3), 300-313. 

Herz, R. S. (2000). Verbal coding in olfactory versus nonolfactory cognition. 

Memory & Cognition, 28(6), 957-964. 

Herz, R. S., & Schooler, J. W. (2002). A naturalistic study of autobiograph-

ical memories evoked by olfactory and visual cues: testing the Proustian 

hypothesis. The American Journal of Psychology, 115(1), 21-32. 

Herz, R. S., Eliassen, J., Beland, S., & Souza, T. (2004). Neuroimaging evi-

dence for the emotional potency of odor-evoked memory. Neuropsycho-

logia, 42(3), 371-378. 

Hinton, P. B., & Henley, T. B. (1993).  Cognitive and affective components 

of stimuli presented in three modes. Bulletin of the Psychonomic Socie-

ty, 31(6), 595-598.  

Hiscock, M., & Cohen, D. B. (1973). Visual imagery and dream recall. 

Journal of Research in Personality, 7(2), 179-188. 

Hubbard, T. L. (2010). Auditory imagery: Empirical findings. Psychological 

bulletin, 136(2), 302-329. 

Hummel, T., Sekinger, B., Wolf, S. R., Pauli, E., & Kobal, G. (1997). 

‘Sniffin’Sticks': Olfactory Performance Assessed by the Combined Test-



 65 

ing of Odor Identification, Odor Discrimination and Olfactory Thresh-

old. Chemical Senses, 22(1), 39-52. 

Intons-Peterson, M. J., Russell, W., & Dressel, S. (1992). The role of pitch 

in auditory imagery. Journal of Experimental Psychology: Human Per-       

ception and Performance, 18, 233–240. 

Irish, M., Addis, D. R., Hodges, J. R., & Piguet, O. (2012). Considering the           

role of semantic memory in episodic future thinking: evidence from se-

mantic dementia. Brain, 135(7), 2178-2191. 

Ishai, A., & Sagi, D. (1997). Visual imagery facilitates visual perception: 

Psychophysical evidence. Journal of Cognitive Neuroscience, 9(4), 476-

489. 

Janata, P., & Paroo, K. (2006). Acuity of auditory images in pitch and time. 

Perception & Psychophysics, 68, 829–844. 

Janata, P. (2009). The neural architecture of music-evoked autobiographical             

memories. Cerebral Cortex, 19(11), 2579-2594. 

Jonides, J., Kahn, R., & Rozin, P. (1975). Imagery instructions improve 

memory in blind subjects. Bulletin of the Psychonomic Society 5(5), 424-

426. 

Keller, P. E., & Koch, I. (2008). Action planning in sequential skills: Rela-

tions to music performance. The Quarterly Journal of Experimental Psy-

chology, 61(2), 275-291. 

Kleemann, A. M., Kopietz, R., Albrecht, J., Schöpf, V., Pollatos, O., 

Schreder, T., ... & Wiesmann, M. (2009). Investigation of breathing pa-

rameters during odor perception and olfactory imagery. Chemical sens-

es, 34(1), 1-9. 

Knasko, S.C., Gilbert, A.N., & Sabini, J. 1990. Emotional state, physical 

well-being and performance in the presence of feigned ambient odor. 

Journal of Applied Social Psychology, 20,1345-1357. 

Kobal, G., Klimek, L., Wolfensberger, M., Gudziol, H., Temmel, A., Owen, 

C. M., ... & Hummel, T. (2000). Multicenter investigation of 1,036 sub-

jects using a standardized method for the assessment of olfactory function 

combining tests of odor identification, odor discrimination, and olfactory 

thresholds. European archives of oto-rhino-laryngology, 257(4), 205-211. 

Korsnes, M. S., Hugdahl, K., Nygård, M., & Bjørnæs, H. (2010). An fMRI 

study of auditory hallucinations in patients with epilep-

sy. Epilepsia, 51(4), 610-617. 

Kosslyn, S. M. (1973). Scanning visual images: Some structural implica-

tions. Attention, Perception, & Psychophysics, 14(1), 90-94. 

Kosslyn, S. M., Ball, T. M., & Reiser, B. J. (1978). Visual images preserve 

metric spatial information: Evidence from studies of image scanning. 

Journal of experimental psychology: Human Perception and Perfor-

mance, 4(1), 47-60. 

Kosslyn, S. M., Alpert, N. M., Thompson, W. L., Maljkovic, V., Weise, S. 

B., Chabris, C. F., ... & Buonanno, F. S. (1993). Visual mental imagery 



 66 

activates topographically organized visual cortex: PET investigations. 

Journal of Cognitive Neuroscience, 5(3), 263-287. 

Kosslyn SM (1994) Image and brain: The resolution of the imagery debate. 

The MIT Press, Cambridge, MA. 

Kosslyn, S. M., Behrmann, M., & Jeannerod, M. (1995). The cognitive neu-

roscience of mental imagery. Neuropsychologia, 33, 1335-1344. 

Kumar, G., Juhász, C., Sood, S., & Asano, E. (2012). Olfactory hallucina-

tions elicited by electrical stimulation via subdural electrodes: Effects of 

direct stimulation of olfactory bulb and tract. Epilepsy & Behavior, 24(2), 

264-268. 

Kosslyn, S. M. (2003). Understanding the mind's eye... and nose. Nature 

Neuroscience, 6(11), 1124-1125. 

Kosslyn, S. M., Thompson, W. L., & Ganis, G. (2006). The case for mental 

imagery. Oxford University Press, USA.  

Ladd, G.T. (1895). Psychology: Descriptive and explanatory. New York: 

Charles. Scribner's Sons. 

Laeng, B., & Teodorescu, D. S. (2002). Eye scanpaths during visual imagery 

reenact those of perception of the same visual scene. Cognitive Sci-

ence, 26(2), 207-231. 

Larsson, M. (1997). The influence of semantic factors in episodic recogni-

tion of common odors: A review. Chemical Senses, 22, 623-633. 

Larsson, M., & Bäckman, L. (1997). Age-related differences in episodic 

odour recognition: The role of access to specific odour names. Memory, 

5, 361-378. 

Larsson, M., & Melinder, A. (2007). Underestimated sensations: Everyday 

odor memory in clinical and forensic settings. In T. Hellstrup & S. Mag-

nussen (Eds.). Everyday Memory (pp. 93-110). UK, Psychological Press. 

Larsson, M., & Willander, J. (2009). Autobiographical odor memory. Annals 

of the New York Academy of Sciences, 1170(1), 318-323. 

Lawless, H. T. (1984). Flavor description of white wine by “expert” and 

nonexpert wine consumers. Journal of Food Science, 49(1), 120-123. 

Lawless, H. T. (1997). Olfactory psychophysics. In G. K. Beauchamp & L. 

Bartoshuk (Eds.), Tasting and smelling (pp. 125-175). San Diego: Aca-

demic Press. 

Lee, B., Park, J. Y., Jung, W. H., Kim, H. S., Oh, J. S., Choi, C. H., ... &  

Kwon, J. S. (2010). White matter neuroplastic changes in long-term 

trained players of the game of “Baduk”(GO): A voxel-based diffusion-

tensor imaging study. Neuroimage, 52(1), 9-19. 

Lehrner, J. P., Glück, J., & Laska, M. (1999). Odor identification, consisten-

cy of label use, olfactory threshold and their relationships to odor memory 

over the human lifespan. Chemical Senses, 24(3), 337-346. 

Levy, L. M., Henkin, R. I., Lin, C. S., Hutter, A., & Schellinger, D. (1999). 

Odor memory induces brain activation as measured by functional 

MRI. Journal of Computer Assisted Tomography, 23(4), 487-498. 



 67 

Leopold, D. (2002). Distortion of olfactory perception: diagnosis and treat-

ment. Chemical senses, 27(7), 611-615. 

Li, W., Lopez, L., Osher, J., Howard, J. D., Parrish, T. B., & Gottfried, J. A. 

(2010). Right orbitofrontal cortex mediates conscious olfactory percep-

tion. Psychological Science, 21(10), 1454-1463. 

Logie R. H. (1995) Visuo-spatial working memory. Hove, UK: Erlbaum. 

Logothetis N. K. (2008). "What we can do and what we cannot do with 

fMRI" Nature, 453, 869-878. 

Lotze M., Scheler G., Tan H. R., Braun C., & Birbaumer N. (2003). The 

musician’s brain: Functional imaging of amateurs and professionals dur-

ing performance and imagery. Neuroimage, 20, 1817–1829. 

Lyman, B. J. (1988). A mind’s nose makes scents: Evidence for the exist-

ence of olfactory imagery (Doctoral dissertation, University of Notre 

Dame, 1987). Dissertation Abstracts International, 48, 2807B. 

Lyman, B. J., & McDaniel, M. A. (1986). Effects of encoding strategy on 

long-term memory for odours. The Quarterly Journal of Experimental 

Psychology, 38(4), 753-765. 

Lyman, B. J., & McDaniel, M. A. (1990). Memory for odors and odor 

names: Modalities of elaboration and imagery. Journal of Experimental 

Psychology: Learning, Memory, & Cognition, 16, 656-664. 

MacCarely, R. W., & Hoffman, E. (1981). REM sleep dreams and activa-

tion-synthesis hypothesis. American Journal of Psychiatry, 138, 904–912. 

Maguire, E. A., Valentine, E. R., Wilding, J. M., & Kapur, N. (2002) Routes 

to remembering: the brains behind superior memory. Nature Neurosci-

ence, 6, 90-95. 

Mainland, J., & Sobel, N. (2006). The sniff is part of the olfactory percept. 

Chemical senses, 31(2), 181-196. 

Marks, D. F. (1973). Visual imagery differences in the recall of pic-

tures. British journal of Psychology, 64(1), 17-24. 

Martin, P., & Scharfetter, C. H. (1993). Olfaktorische Halluzinationen bei 

Depressionen. Fortschritte der Neurologie, Psychiatrie, 61(9), 293-300. 

Marsella, A. J., & Quijano, W. Y. (1974). A comparison of vividness of 

mental imagery across different sensory modalities in Filipinos and Cau-

casian-Americans. Journal of Cross-Cultural Psychology, 5(4), 451-464. 

McDermott, K. B., & Roediger, H. L. (1994). Effects of Imagery on Percep-

tual Implicit Memory Tests. Journal of Experimental Psychology: Learn-

ing, Memory, and Cognition, 20(6), 1379-1390. 

McNorgan, C. (2012). A meta-analytic review of multisensory imagery iden-

tifies the neural correlates of modality-specific and modality-general im-

agery. Frontiers in Human Neuroscience, 6, 285, 1-14. 

McAdams, S., Winsberg, S., Donnadieu, S., Soete, G., & Krimphoff, J. 

(1995). Perceptual scaling of synthesized musical timbres: Common di-

mensions, specificities, and latent subject classes. Psychological re-

search, 58(3), 177-192. 



 68 

Melcher, J. M., & Schooler, J. W. (1996). The misremembrance of wines 

past: Verbal and perceptual expertise differentially mediate verbal over-

shadowing of taste memory. Journal of Memory and Language, 35, 231-

245. 

Mohr, C., Hübener, F., & Laska, M. (2002). Deviant olfactory experiences, 

magical ideation, and olfactory sensitivity: a study with healthy German 

and Japanese subjects. Psychiatry research, 111(1), 21-33. 

Moriarity, J. L., Boatman, D., Krauss, G. L., Storm, P. B., & Lenz, F. A. 

(2001). Human “memories” can be evoked by stimulation of the lateral 

temporal cortex after ipsilateral medial temporal lobe resection. Journal 

of Neurology, Neurosurgery & Psychiatry, 71(4), 549-551. 

Mohr, C., Röhrenbach, C. M., Laska, M., & Brugger, P. (2001). Unilateral 

olfactory perception and magical ideation. Schizophrenia research, 47(2), 

255-264. 

Ogawa, S., Lee, T. M., Kay, A. R., & Tank, D. W. (1990). Brain magnetic 

resonance imaging with contrast dependent on blood oxygena-

tion. Proceedings of the National Academy of Sciences, 87(24), 9868-

9872. 

Ohayon, M. M. (2000). Prevalence of hallucinations and their pathological 

associations in the general population. Psychiatry Research, 97(2), 153-

164. 

Ohnishi, T., Matsuda, H., Asada, T., Aruga, M., Hirakata, M., Nishikawa, 

M., ... & Imabayashi, E. (2001). Functional anatomy of musical percep-

tion in musicians. Cerebral Cortex, 11(8), 754-760. 

Okada, H., Matsuoka, K., & Hatakeyama, T. (2000). Dream-recall frequency 

and waking imagery. Perceptual and Motor Skills, 91(3), 759-766. 

Okada, H., Matsuoka, K., & Hatakeyama, T. (2005). Individual differences 

in the range of sensory modalities experienced in dreams. Dreaming, 

15(2), 106-115. 

O'Mahony, M. (1978). Smell illusions and suggestion: reports of smells con-

tingent on tones played on television and radio. Chemical Senses, 3(2), 

183-189. 

Orne, M. T. (1962). On the social psychology of the psychological experi-

ment: With particular reference to demand characteristics and their impli-

cations. American Psychologist, 17(11), 776-783. 

Paivio, A. (1969). Mental imagery in associative learning and memory. Psy-

chological Review, 76, 241–263. 

Paivio, A. (1971). Imagery and verbal processes. New York, NY: Holt, 

Rinehart, & Winston. 

Paivio, A., & Okovita, H. W. (1971). Word imagery modalities and associa-

tive learning in blind and sighted subjects. Journal of Verbal Learning 

and Verbal Behavior, 10(5), 506-510. 

Paivio, A. (1986). Mental representations: A dual coding approach. New 

York, NY: Oxford University Press. 



 69 

Paivio, A. (1991). Dual Coding Theory: Retrospect and current sta-

tus. Canadian Journal of Psychology, 45(3), 255-287. 

Panayiotopoulos, C. P. (1999). Elementary visual hallucinations, blindness, 

and headache in idiopathic occipital epilepsy: differentiation from mi-

graine. Journal of Neurology, Neurosurgery & Psychiatry, 66(4), 536-

540. 

Parr, W. V., Heatherbell, D., & White, K. G. (2002). Demystifying wine 

expertise: Olfactory threshold, perceptual skill and semantic memory in 

expert and novice wine judges. Chemical Senses, 27(8), 747-755. 

Perky, C. W. (1910). An experimental study of imagination. The American 

Journal of Psychology, 21(3), 422-452. 

Plailly, J., Delon‐Martin, C., & Royet, J. P. (2012). Experience induces func-

tional reorganization in brain regions involved in odor imagery in per-

fumers. Human brain mapping, 33(1), 224-234. 

Preacher, K. J., Rucker, D. D., MacCallum, R. C., & Nicewander, W. A. 

(2005). Use of the extreme groups approach: a critical reexamination and 

new recommendations, Psychological Methods, 10(2), 178-192. 

Proust, M. (1919). Du coté de chez Swann. Paris, France: Gallimard. 

Pylyshyn, Z. W. (1973). What the mind's eye tells the mind's brain: A cri-

tique of mental imagery. Psychological Bulletin, 80(1), 1-25.  

Pylyshyn, Z. W. (1981). The imagery debate: Analogue media versus tacit 

knowledge. Psychological review, 88(1), 16. 

Pylyshyn Z. W. (2002) Mental imagery: In search of a theory. Behavioral 

and Brain Sciences, 25(2), 157-238. 

Pylyshyn, Z. (2003). Return of the mental image: are there really pictures in 

the brain? Trends in cognitive sciences, 7(3), 113-118. 

Rabin, M. D., & Cain, W. S. (1984). Odor recognition, familiarity, identifia-

bility and encoding consistency. Journal of Experimental Psychology: 

Learning, Memory, & Cognition, 10, 316–325. 

Reisberg, D., Smith, J. D., Baxter, D. A., & Sonenshine, M. (1989). “Enact-

ed” auditory images are ambiguous; “Pure” auditory images are not. 

Quarterly Journal of Expermental Psychology, 41(A), 619–641. 

Ribot, T. (1906). Essay on the creative imagination. Open Court. 

Richardson, A. (1979). Dream recall frequency and vividness of visual im-

agery. Journal of Mental Imagery, 3, 65-72. 

Richter, W., Somorjai, R., Summers, R., Jarmasz, M., Menon, R. S., Gati, J. 

S., ... & Kim, S. G. (2000). Motor area activity during mental rotation 

studied by time-resolved single-trial fMRI. Journal of Cognitive Neuro-

science, 12(2), 310-320. 

Ross, J. S., Tkach, J., Ruggieri, P. M., Lieber, M., & Lapresto, E. (2003). 

The mind’s eye: functional MR imaging evaluation of golf motor image-

ry. American Journal of Neuroradiology, 24(6), 1036-1044. 

Rubin, D. C., Groth, E., & Goldsmith, D. J. (1984). Olfactory cuing of auto-

biographical memory. The American journal of psychology, 493-507. 



 70 

Rubin, D., McAbee, G. N., & Feldman‐Winter, L. B. (2002). Auditory hal-

lucinations associated with migraine. Headache: The Journal of Head 

and Face Pain, 42(7), 646-648. 

Rubin, D. C. (2005). Autobiographical Memory Tasks in Cognitive Re-

search. In A. Wenzel & D. C. Rubin (Eds.), Cognitive methods and their 

application to clinical research (pp. 219-241). Washington, DC: Ameri-

can Psychological Association. 

Sacks, O. (2010). The mind's eye. Knopf, New York. 

Saravay, S. M., & Pardes, H. (1967). Auditory elementary hallucinations in 

alcohol withdrawal psychosis. Archives of General Psychiatry, 16(6), 

652-658. 

Savic, I., Gulyas, B., Larsson, M., & Roland, P. (2000). Olfactory functions 

are mediated by parallel and hierarchical processing. Neuron, 26(3), 735-

745. 

Schredl, M. (2002). Questionnaires and Diaries as Research Instruments in 

Dream Research: Methodological Issues. Dreaming, 12(1), 17-26. 

Schaal, B., Marlier, L., & Soussignan, R. (2000). Human Foetuses Learn 

Odours from Their Pregnant Mother’s Diet. Chemical Senses, 25(6), 729–

737. 

Schab, F. R., & Crowder, R. G. (Eds.). (1995). Memory for odors. Lawrence 

Erlbaum. 

Schott, G. D. (2007). Exploring the visual hallucinations of migraine aura: 

the tacit contribution of illustration. Brain, 130(6), 1690-1703. 

Segal, S. J., & Fusella, V. (1970). Influence of imaged pictures and sounds 

on detection of visual and auditory signals. Journal of Experimental Psy-

chology, 83(3), 458-464. 

Seiden, A. M. (1997). Taste and smell disorders. George Thieme Verlag. 

Seubert, J., Freiherr, J., Frasnelli, J., Hummel, T., & Lundström, J. N. 

(2012). Orbitofrontal Cortex and Olfactory Bulb Volume Predict Distinct 

Aspects of Olfactory Performance in Healthy Subjects. Cerebral Cortex, 

[Epub ahead of print]. 

Sharps, M. J., & Price, J. L. (1992). Auditory imagery and free recall. Jour-

nal of General Psychology, 119, 81–87. 

Shepard, R. N., & Metzler, J. (1971). Mental rotation of three-dimensional 

objects. Science, 171, 701–703. 

Shepard, R. N., & Chipman, S. (1970). Second-order isomorphism of inter-

nal representations: Shapes of states. Cognitive Psychology, 1(1), 1-17.  

Sheehan, P. W. (1967). A shortened form of Betts' Questionnaire Upon Men-

tal Imagery. Journal of Clinical Psychology, 23, 386-389. 

Siegel, R. K. (1978). Cocaine hallucinations. The American Journal of Psy-

chiatry, 135(3), 309-314. 

Sobel, N., Prabhakaran, V., Desmond, J. E., Glover, G. H., Goode, R. L., 

Sullivan, E. V., & Gabrieli, J. D. E. (1998). Sniffing and smelling: sepa-

rate subsystems in the human olfactory cortex. Nature, 392(6673), 282-

285.  



 71 

Slotnick, S. D., Thompson, W. L., & Kosslyn, S. M. (2005). Visual mental 

imagery induces retinotopically organized activation of early visual areas. 

Cerebral Cortex, 15(10), 1570-1583.  

Solomon, G. E. A. (1990). Psychology of novice and expert wine talk. The 

American Journal of Psychology, 495-517. 

Stedman, T. J., & Clair, A. L. (1998). Neuropsychological, neurological and 

symptom correlates of impaired olfactory identification in schizophrenia. 

Schizophrenia Research, 32, 23-30. 

Stefan, H., Bracha, M. D., & Wolkowitz, O. M. (1989). High prevalence of 

visual hallucinations in research subjects with chronic schizophrenia. The 

American Journal of Psychiatry, 146(4), 526-528. 

Stein, D. J., Le Roux, L., Bouwer, C., & Van Heerden, B. (1998). Is Olfacto-

ry Reference Syndrome an Obsessive-Compulsive Spectrum Disorder? 

Two Cases and a Discussion. The Journal of Neuropsychiatry and Clini-

cal Neurosciences, 10(1), 96-99. 

Steinvorth, S., Corkin, S., & Halgren, E. (2006). Ecphory of autobiograph-

ical memories: An fMRI study of recent and remote memory retriev-

al. NeuroImage, 30, 285-298. 

Stevenson, R. J., & Langdon, R. (2012a). Olfactory and gustatory hallucina-

tions. In J. D. Blom & I. E. C. Sommer, (Eds.), Hallucinations: Research 

and Practice, (pp.143–155). Amsterdam: Springer. 

Stevenson, R. J., & Langdon, R. (2012b). A preliminary investigation of 

olfactory function in olfactory and auditory-verbal hallucinators with 

schizophrenia, and normal controls. Cognitive neuropsychiatry, 17(4), 

315-333. 

Stevenson, R. J., & Case, T. I. (2005a). Olfactory imagery: A review. Psy-

chonomic bulletin & review, 12(2), 244-264. 

Stevenson, R. J., & Case, T. I. (2005b). Olfactory dreams: Phenomenology, 

relationship to volitional imagery and odor identification. Imagination, 

Cognition and Personality, 24(1), 69-90. 

Stevenson, R. J., Case, T. I., & Mahmut, M. (2007). Difficulty in evoking 

odor images: The role of odor naming. Memory & Cognition, 35(3), 578-

589. 

Sugiyama, H., Ayabe-Kanamura, S., & Kikuchi, T. (2006). Are olfactory 

images sensory in nature? Perception, 35, 1699-1708. 

Tartaglia, E. M., Bamert, L., Mast, F. W., & Herzog, M. H. (2009). Human 

perceptual learning by mental imagery. Current Biology, 19(24), 2081-

2085. 

Thomas, N. J. T. (2012) "Mental Imagery", The Stanford Encyclopedia of 

Philosophy. Edward N. Zalta (Ed.). Winter Edition. 

Thomas, N. J., & Banks, W. P. (2009). Visual imagery and consciousness. 

Encyclopedia of Consciousness, 2, 445-457. 

Tinti, C., Cornoldi, C., & Marschark, M. (1997). Modality-specific auditory 

imaging and the interactive imagery effect. European Journal of Cogni-

tive Psychology, 9, 417–436. 



 72 

Tomiczek, C., & Stevenson, R. J. (2009). Olfactory imagery and repetition 

priming: The effect of odor naming and imagery ability. Experimental 

Psychology, 56(6), 397. 

Tulving, E. (1983). Elements of episodic memory (pp. 56-62). Oxford: Clar-

endon Press. 

Watson, J.B. (1913). Psychology as the Behaviorist Views It. Psychological 

Review, 20, 158–177. 

Waller, D., Schweitzer, J. R., Brunton, J. R., & Knudson, R. M. (2012). A 

Century of Imagery Research: Reflections on Cheves Perky's Contribu-

tion to Our Understanding of Mental Imagery. The American Journal of 

Psychology, 125(3), 291-305. 

Weitz, H., Croy, I., Seo, H. S., Negoias, S., & Hummel, T. (2010). Studies 

on Olfactory Dreaming. Chemosensory Perception, 3(2), 129-134. 

West, S. E., & Doty, R. L. (1995). Influence of epilepsy and temporal lobe 

resection on olfactory function. Epilepsia, 36(6), 531-542. 

White, K., Ashton, R., & Law, H. (1974). Factor analyses of the shortened 

form of Betts' questionnaire upon mental imagery. Australian Journal of 

Psychology, 26(3), 183-190. 

White, K. D., Ashton, R., & Brown, R. M. D. (1977). The measurement of 

imagery vividness: Normative data and their relationship to sex, age, and 

modality differences. British Journal of Psychology, 68(2), 203-211.  

White, K. D., Ashton, R., & Law, H. (1978). The measurement of imagery 

vividness: Effects of format and order on the Betts' Questionnaire Upon 

Mental Imagery. Canadian Journal of Behavioural Science, 10(1), 68-78. 

Weiss, T., Hansen, E., Rost, R., Beyer, L., Merten, F., Nichelmann, C., & 

Zippel, C. (1994). Mental practice of motor skills used in poststroke reha-

bilitation has own effects on central nervous activation. International 

Journal of Neuroscience, 78(3-4), 157-166. 

Willander, J., & Larsson, M. (2006). Smell your way back to childhood: 

Autobiographical odor memory. Psychonomic bulletin & review, 13(2), 

240-244. 

Willander, J., & Larsson, M. (2007). Olfaction and emotion: The case of 

autobiographical memory. Memory & Cognition, 35, 1659-1663. 

Willander, J., & Larsson, M. (2008). The mind's nose and autobiographical 

odor memory. Chemosensory Perception, 1, 210-215. 

Willander, J., & Baraldi, S. (2010). Development of a new Clarity of Audito-

ry Imagery Scale. Behavior Research Methods, 42(3), 785-790.  

Yoo, S. S., Lee, C. U., & Choi, B. G. (2001). Human brain mapping of audi-

tory imagery: event-related functional MRI study. NeuroReport, 12(14), 

3045-3049. 

Zadra, A. L., Nielsen, T. A., & Donderi, D. C. (1998). Prevalence of audito-

ry, olfactory, and gustatory experiences in home dreams. Perceptual and 

Motor skills, 87(3), 819-826. 



 73 

Zatorre, R. J., & Halpern. A. R. (1993). Effect of unilateral temporal-lobe 

excision on perception and imagery of songs. Neuropsychologia 31(3), 

221-232. 

Zelano, C., Bensafi, M., Porter, J., Mainland, J., Johnson, B., Bremner, E., ... 

& Sobel, N. (2004). Attentional modulation in human primary olfactory 

cortex. Nature neuroscience, 8(1), 114-120. 

 

 

 


