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Fragments of an experience is encoded, and as a paleontologist piece
together pieces of a few bones to a dinosaur, we piece together
fragmented pieces of experiences to a memory at retrieval.
     
                                   Ulric Neisser (1967)
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Abstract 

In my thesis I raised two questions: Does autobiographical memory differ i) 
depending on the sensory retrieval cue (Study I and II)? and ii) depending on 
gender (Study III)? 

Concerning retrieval cues, three unimodal cues (i.e., photographs, nat-
uralistic sounds and odors) and one multimodal cue (i.e., the three unimodal 
cues presented simultaneously) were used to evoke autobiographical memo-
ries. The results demonstrated that the memories differed depending on re-
trieval cue. In particular, the olfactory-cued memories differed in semantic 
content and were from an earlier age in contrast to the other modalities. The 
visually and auditory-evoked memories differed less than expected in their 
semantic content and age distribution in relation to the multimodal condition. 
The multimodally cued memories could be described as being a combination 
of the three unimodalities, as illustrated by the semantic content and age dis-
tribution, though they were more similar to the visually and auditory-cued 
memories than to the olfactory-cued memories. One possible explanation for 
these results could be that we attend more to visual and auditory perceptions 
than to olfactory.  

With regard to gender, previous research has found gender differences 
in the manifest content (i.e., the actual words used) of autobiographical mem-
ories. However, to my knowledge none has investigated gender differences in 
the latent content (i.e., the underlying meaning in the expressed words). The 
results indicated that there was no difference between the genders in the man-
ifest content. However, the females latently described their memories in more 
communal terms than males did, which supports the assumption that females 
are more communally oriented than are males. 
 
Keywords: autobiographical memory, sensory retrieval cues, age distribu-
tion, phenomenological ratings, latent semantic analysis (LSA), linguistic in-
quiry word count (LIWC), gender differences 
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Svensk sammanfattning 

I min avhandling så ställde jag två frågor: skiljer sig självbiografiska minnen 
åt i) beroende på den sensoriska framplockningsledtrådens modalitet (Studie 
I och II) och ii) beroende på kön (Studie III)?   

Gällande framplockningsledtråd, så användes tre unimodala ledtrådar 
(i.e., fotografier, naturalistiska ljud och lukter) och en multimodal (i.e., de tre 
unimodala ledtrådarna presenterade samtidigt) för att väcka självbiografiska 
minnen. Det visade sig att minnena skiljde sig åt beroende på den sensoriska 
framplockningsledtrådens modalitet. I synnerhet så skiljde sig de olfaktoriskt 
framplockade minnena från de andra modaliteterna i semantiskt innehåll och 
åldersdistribution. De olfaktoriska minnena var från en tidigare ålder än min-
nena väckta av de andra modaliteterna. I förhållande till de multimodalt fram-
plockade minnena så skiljde sig de visuellt och de auditivt framplockade min-
nena mindre än förväntat i såväl semantiskt innehåll som åldersdistribution. 
Vidare så kan de multimodalt framplockade minnena, beskrivas som en kom-
bination av de tre unimodala betingelserna, men att i högre utsträckning likna 
de visuellt och auditivt framplockade minnena än de olfaktoriska. En möjlig 
förklaring till resultaten kan vara att vi uppmärksammar visuella och auditiva 
sinnesintryck mer än olfaktoriska.  

Rörande kön, så har tidigare studier visat på könsskillnader i det ma-
nifesta (i.e., de faktiska uttalade orden) minnesinnehållet. Men enligt min vet-
skap så har ingen tidigare studie undersökt könsskillnader i det latenta (i.e., 
den underliggande meningen i de sagda orden) minnesinnehållet. Resultatet 
visade att minnesberättelserna inte skiljde sig åt mellan könen i det manifest 
beskrivna, men latent så uttryckte kvinnorna mer kommunalitet i sina minnes-
utsagor än männen gjorde. Ett resultat som skulle kunna stödja antagandet att 
kvinnor är mer relationsorienterade än män. 
 
Nyckelord: självbiografiskt minne, sensoriska framplockningsledtrådar, ål-
dersdistribution, fenomenologiska skattningar, latent semantisk analys (LSA), 
lingvistisk ordräkning (LIWC), könsskillnader 
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Introduction 

Autobiographical memory 

When most people think about human memory, they think about their per-
sonal memories [i.e., autobiographical memories], and how they remember 
and forget events of their lives. (Marsh & Roediger, 2013, pp. 472) 

 
Autobiographical memory was originally defined as episodic memory and de-
scribed as the reminiscence of events specifically located in time and space, 
which often at time of retrieval is followed by a feeling of being brought back 
in time to the original occurrence of the event and re-experiencing the event 
(e.g., Tulving, 1972, 2002). However, our personal memories are generally 
more complex and can contain information from several levels of specificity, 
ranging from episodic memories, including specific events details, to the se-
mantically abstract, for example self-referential dates and places (e.g., Con-
way, 2005, 2009; Marsh & Roediger, 2013). Accordingly, the concept of au-
tobiographical memory has been somewhat redefined, and I, in agreement 
with other researchers, define autobiographical memory as follows: 

Definition 
Autobiographical memory is encoded, retained, and retrieved episodic event 
details and personally related facts, that is semantic memory (Bauer, 2015; 
Cabeza & St. Jacques, 2007; Conway, 2005; Marsh & Roediger, 2013), and 
self-knowledge of procedural learning (Marsh & Roediger, 2013). Autobio-
graphical memory could be remembrance of specific as well as recurring, gen-
eral, and extended events (Bauer, 2015; Cabeza & St. Jacques, 2007; Conway, 
2005, 2009; Marsh & Roediger, 2013) or be elementary and more complex 
event constructions (Berntsen & Rubin, 2012; Conway, 2009). Furthermore, 
in line with Tulving’s (1972) original definition, at the moment of retrieval of 
a specific autobiographical memory, the remembrance is often followed by a 
feeling of being brought back in time to the original occurrence of the event 
and re-experiencing the event (Tulving, 1983, 2002). Autobiographical mem-
ories could be generatively or directly retrieved (Conway & Pleydell-Pearce, 
2000; Larsson & Willander, 2009), and voluntarily or involuntarily retrieved 
(Berntsen, 2010, 2012). For an illustration see the following paragraph. 
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A memory from my childhood suddenly came to mind. It was early forenoon 
on a sunny summer day. I remember that there were no clouds in the light blue 
sky, the leaves on the birch in the garden were light green and rustled in a soft 
breeze, and the grass beside the garden was bright green. I was out in the flower 
garden with my grandparents to pick strawberries for my birthday cake when a 
bumblebee landed on my hand. The bumblebee was so beautiful, orange and 
black, woolly, with a white rump. I heard the sound of the bumblebee buzzing 
and sensed its soft wings touching my skin. I sensed the smell of azaleas and 
the taste of strawberries in my mouth. It was on my sixth birthday in July. I 
always had a strawberry cake with cream on top on my birthday. I was very 
young when I learned how to bake a cake; I am still very fond of strawberry 
cake with cream on top [laugh]. I loved to spend my summers in Västerbotten, 
the backcountry in the north of Sweden, with my grandparents. There were lots 
of animals there: cows, horses, dogs, cats—and bumblebees [smile]. I am an 
animal lover [pause]. When recalling the event now, I feel as if I am travelling 
back in time and re-experiencing the event. It was a very pleasant moment.  
 

Our personal memories (i.e., autobiographical memories) are of great im-
portance to us. We for example use them to direct our behavior in the present, 
set goals, make social bonds, maintain a sense of self-continuity (Bluck, 2003; 
Bluck, et al., 2005; Leist, Ferring, & Filipp, 2010; Rasmussen & Berntsen, 
2009), and to regulate our emotions (Pasupathi, 2003; Raes, et al., 2003; Wil-
liams, 1996; Williams & Broadbent, 1986). Phenomenologically autobio-
graphical memories could be experienced as part of our personal diary. As 
theatrically expressed by Oscar Wilde (1895): “Memory, my dear Cecily, is 
the diary that we all carry about with us” (p. 29). This figuratively describes 
the personal experience of autobiographical memory as a calendrical collec-
tion of events from which factual memory descriptions can be selected at 
memory retrieval. However, remembrance of things past is not necessarily the 
remembrance of things as they were (Proust, 1913). Fragments of experience 
are encoded (Neisser, 1967) and we construct our memories out of those 
pieces at retrieval (e.g., Bartlett, 1932; Conway, 2005; Neisser, 1967; Schacter 
& Addis, 2007; Schacter, 2012; Williams et al., 2007).  
 
Given the above, autobiographical memory is not a recording providing accu-
rate details of previously experienced events (Schacter, 2012; Schacter & Ad-
dis, 2007; Williams et al., 2007); rather, memory retrieval involves complex 
constructive processes, and when we remember, we piece together bits and 
pieces of stored information under the influence of our current beliefs and un-
derstanding (Schacter, 2012). In my thesis I suggest that further influences on 
memory construction could be sensory retrieval cues. As such, that different 
types of sensory retrieval cues could map onto and reactivate different stored 
memory information. Consequently, autobiographical memories should at re-
trieval be constructed differently depending on the retrieval cue, which would 
be evident in differences in the memory output. Furthermore, gender differ-
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ences in autobiographical memories could perhaps be driven by gendered per-
ceptions, attitudes and learning at encoding and by memory construction at 
retrieval. 
 
The constructive nature of autobiographical memory retrieval merits investi-
gation as it could have implications for a wide range of applied psychology 
issues, such as the diagnosis of clinical disorders and forensic and therapeutic 
practices. These are all areas of real-world psychology in which natural 
memory phenomena occur, that is, situations occurring outside the re-
searcher’s laboratory, in everyday life (Cohen, 2008; Conway, 1991). How-
ever, to disentangle effects, basic research must first be performed in a con-
trolled laboratory setting to ensure reliability and validity and to discover gen-
eralizable principles (Banaji & Crowder, 1989). Nevertheless, as Cohen 
(2008) explained, when referring to a talk by Neisser at a 1978 conference, 
research “should apply to naturally occurring behavior in a natural context of 
the real world” (p. 3). Two critical aspects of autobiographical memory in re-
lation to naturally occurring experiences and behavior that, to my knowledge, 
have not previously been investigated are differences in autobiographical 
memory depending on multimodal sensory retrieval cues, differences in the 
content of autobiographical memory depending on sensory retrieval cue and 
gender differences in the latent content (i.e., the underlying meaning in the 
expressed words) of autobiographical memories. 

Areas of investigation 
In every science, nature must be “carved at its joints” (Hutchins, 2010, refer-
ring to Plato) and boundaries of a unit of analysis must be chosen (Hutchins, 
2010). In this thesis, the boundaries of investigation were as proposed by 
Larsen (1998) the three qualitative areas of autobiographical memory: content, 
appearance and process. Content refers to the memory itself, that is, the mental 
representations of past events, often externalized in memory descriptions. Ap-
pearance, on the other hand, more commonly described as subjective experi-
ence, denotes aspects of the conscious experience of remembering an event. 
In my studies, it refers to the estimated age at event and subjective experience 
of, for example, valence and vividness. In contrast, process refers to memory 
construction at retrieval, search strategies and so forth (Larsen, 1998).  
 
A number of studies has found differences in all of the presented above qual-
itative areas of autobiographical memory depending on the modality of the 
sensory retrieval cue. (e.g., Chu & Downes, 2000; Conway & Haque, 1999; 
Willander & Larsson, 2006, 2007). That is, by presenting a unimodal sensory 
retrieval cue (e.g., picture, or odor) to a participant, who is asked to retrieve a 
memory arising in response to the cue. However, in our everyday lives, we 
usually do not perceive one sensation at a time. Rather, we perceive multiple 
sensations simultaneously; for example, when walking in a flower garden, we 
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simultaneously sense the smell of flowers, the touch of breeze on the skin, and 
the sound and sight of pollinating bumblebees. We experience the world mul-
timodally, which should be reflected in our retrieved autobiographical mem-
ories. The units of analysis in Study I (and III), were the semantic content of 
autobiographical memories, as measured by semantic similarity scores; and in 
Study II, ratings of age at event (i.e., estimated age at the original occurrence 
of the event); subjective ratings of i) valence, ii) feeling of being brought back 
in time, iii) vividness, iv) emotional intensity and v) importance, and number 
of retrieved memories. In the thesis it will be argued that various retrieval cues 
map onto and reactivate different types of stored memory information.  
 
Furthermore, a large number of studies have shown gender differences in the 
manifest memory content (e.g., Niedźwieńska, 2003). However, in everyday 
memory conversations, we share verbatim and gist experiences of events, that 
is, apparent (i.e., manifest) and semantic (i.e., latent) memory information. No 
previous research has to my knowledge investigated gender differences in the 
latent memory content, which also merits investigation as it also can reveal 
information of importance. In Study III, the units of analyses were in addition 
to semantic similarity scores, frequencies of words belonging to several psy-
chological dimensions (e.g., emotional processes), and number of retrieved 
memories depending on gender. The results will be discussed within the 
framework of gendered socialization and maintained gender-role–divided ori-
entations (e.g., occupations) at the level of encoding and retrieval. 
 
To summarize, autobiographical memories are at retrieval constructions of 
previously experienced events. My thesis was dedicated to investigating dif-
ferences in i) several aspects depending on unimodal and multimodal sensory 
cued retrieval (Study I and II), and gender differences in the manifest and la-
tent content of autobiographical memories (Study III). 

Methods and measurements 
To assess autobiographical memory, several methods and measures are used, 
such as diary records, interviews, written or verbal descriptions, event and 
word/sensory cue techniques, estimates of age at event at the original occur-
rence, and ratings of subjective experience, for example, how pleasant/un-
pleasant (i.e., valence) the memory is perceived at the moment of retrieval. 
These methods are often employed in combination to collect various kinds of 
data that supplement one another depending on the particular research ques-
tion. In the studies included in my thesis, the cue technique was used, the de-
scriptions were verbally described, age at event was estimated, and subjective 
experiences were rated. 
 
Galton (1879/2004) originally developed the cueing technique when investi-
gating his own associative ideas and memory retrieval after presenting himself 
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with words, which were therefore acting as retrieval cues. The method was 
later resurrected and systematized by Crovitz and Schiffman (1974) for as-
sessing the age from which the most memories are estimated to originate. 
Crovitz and Schiffman (1974) asked participants to recall any autobiograph-
ical memory that came to mind after being presented with a set of words (i.e., 
picturable nouns) and to estimate age at event. This word cuing technique has 
since been used in many studies, particularly for investigating the reminis-
cence bump, that is, the peak in number of memories retrieved across the 
lifespan (e.g., Conway & Haque, 1999; Grenier et al., 2005; Rubin & Schulk-
ind, 1997; for two overviews, see Koppel & Berntsen, 2015; Willander, 2007). 
In later research, the method has been modified. Now, as in my studies, instead 
of being presented with a word, participants are presented with a sensory cue 
(e.g., a picture, sound or odor) and asked to retrieve a specific memory (i.e., 
events which have occurred at a single time point); and, in addition to age at 
event estimates, rate their subjective experience of the memory on several di-
mensions, as for example, valence, feeling of being brought back in time and 
vividness (e.g., Chu & Downes, 2000; Goddard et al., 2005; Willander & Lars-
son, 2006, 2007).  
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The organization and underlying mechanism of retrieval 
In my thesis, it will be postulated that diverse memory information can be 
retrieved from an autobiographical knowledge base depending on the modal-
ity of the retrieval cue. My assumptions will be based on Conway and Pley-
dell-Pearce’s (2000) and Conway’s (2005, 2009) self-memory system model, 
which basic premise is that autobiographical memory are transitional, tem-
poral dynamic mental constructions generated from an autobiographical 
knowledge base. Furthermore, that autobiographical memory information is 
directly, or under the control of the working self, generatively retrieved from 
the knowledge base. If not otherwise stated, the following description of the 
self-memory system model refers to Conway (2005). 

The autobiographical knowledge base 
According to Conway and Pleydell-Pearce (2000) and Conway (2005, 2009) 
autobiographical memory information is encoded, retained, and organized in 
the autobiographical knowledge base, to be later retrieved under the influence 
of an executive function, that is the working self. The system’s essential func-
tion is to orient the individual in accordance with her/his present self-percep-
tion and goal(s) and to support the individual to plan for the future and organ-
ize her/his behavior in the present time. In the knowledge base, self-related 
information is hierarchically organized, from the top to the bottom: the indi-
viduals life story, life themes and in three levels of temporality: lifetime peri-
ods, general/recurring and specific events (Conway, 2005; see Figure 1). 
Higher up in the knowledge base, the information is less episodic and more 
semantic (Cabeza & St. Jacques, 2007). As described by Cabeza and St. 
Jacques (2007), the proportions of episodic and semantic elements differ de-
pending on the specificity of the autobiographical memory, and the respective 
memory information dynamically interact during memory construction. The 
following section briefly describes the hierarchical structure of the autobio-
graphical knowledge base; for more thorough descriptions, see Conway and 
Pleydell-Pearce (2000) and Conway (2005, 2009).  
 
Autobiographical memory information is organized as follows in the autobio-
graphical knowledge base. At the four highest levels of the knowledge base, 
the information is associated with the conceptual self. The top level is labeled 
the individual’s life story. In the life-story structure, the autobiographical 
knowledge is the most abstract and forms part of an individual’s self-percep-
tion (e.g., evaluations and general facts about the self). As it could contain 
various self-images, such knowledge could give access to numerous cues that 
could in turn give access to diverse life themes connected to other levels in the 
knowledge base (e.g., to recurrent themes associated with diverse life time 
periods), possibly cued to distinct periods when particular self-images were 
the most salient. 
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Figure 1. The autobiographical knowledge base (adapted from Conway, 2005, p. 609, 
with permission from Elsevier). 1Added by Cabeza and St. Jacques (2007). 
 
At the intermediate level of the knowledge base, general events are arranged, 
that is, events primarily associated with particular lifetime periods, secondar-
ily with other lifetime periods, and considerably with other general events 
(Conway & Pleydell-Pearce, 2000). Finally, at the lowest level of the 
knowledge base, the most event-specific details are organized, where visual 
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images might be the primary representational form of episodic event details 
(Conway, 2009). Of interest, the intermediate level of repeated events is pre-
sumed to be the default level of entrance into the autobiographical memory 
knowledge base (Williams et al., 2007); and the information drawn, cues in-
formation from all other levels (i.e., primarily lifetime periods and secondarily 
specific events) and, via a spreading activation, results in a stable pattern of 
activation throughout the knowledge base, resulting in a full-blown autobio-
graphical memory retrieved (Conway & Pleydell-Pearce, 2000).  

The working self 
Another aspect of the self-memory system is the working self, a goal-oriented 
executive function considered a subset of Baddeley’s (1981, 2000) working 
memory and as such the conductor of the encoding, retention, organization, 
updating, and retrieval of autobiographical memory information in the auto-
biographical knowledge base. The working self strategically searches for in-
formation based on the individual’s current self-perception and goal(s). 

Generative and direct retrieval processes 
In line with Norman and Brown’s (1979) description theory, the framework 
of the self-memory system model includes two modes of memory search pro-
cesses: generative and direct retrieval. Generative retrieval refers to a search 
process that is intentional, top–down, strategic and more strenuous than direct 
retrieval (e.g., Conway & Pleydell-Pearce, 2000; Larsson & Willander, 2009). 
In contrast, direct retrieval refers to an immediate, bottom–up, and less stren-
uous search process (e.g., Conway & Pleydell-Pearce, 2000; Larsson & Wil-
lander, 2009).  
 
In generative retrieval, the information is searched for in a cyclical three-stage 
top–down process (Conway & Pleydell-Pearce, 2000; Norman & Brown, 
1979) modulated by the working self (Conway & Pleydell-Pearce, 2000). In 
the first stage of generative retrieval, the cue is elaborated on and a verification 
criterion is set based on the task demand, as for example, recalling a memory 
at the request of an experimenter versus intentional self-disclosure to a friend 
(Conway & Pleydell-Pearce, 2000). This, followed by the selection of an ini-
tial memory target specification (Conway & Pleydell-Pearce, 2000; Conway, 
2005), which usually seems to be the specification of a summarized descrip-
tion of recurring events (Williams et al., 2007). In the second stage, the re-
trieved information is matched to the specification and evaluated. If the infor-
mation does not match the specification, the search continues, occasionally 
being modified and changed (Burgess & Shallice, 1996). Finally, when the 
information matches the specification, the requested memory is retrieved. On 
the other hand, if a memory is directly retrieved, the executive control function 
is bypassed and, via a bottom–up search process, the rememberer gains direct 
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access to specific event details at the basic level of the autobiographical 
knowledge base (Conway & Pleydell-Pearce, 2000; Larsson et al., 2014).  
 
In Study I, it was suggested that one form of retrieval search process could be 
meaning-based and as such be more associative in nature in comparison to a 
one-to-one mapping of the memory specification with the information ac-
cessed in the autobiographical knowledge base. That is, the match between 
the memory specification set at the first stage of generative retrieval and the 
retrieval cue could be semantic relationship. For example, the memory speci-
fication set to retrieve a memory while presented to a picture of a cake could, 
in an association chain, lead to a memory retrieved in which no cake is present, 
but rather a balloon, as both objects in some societies are related to birthday 
parties. It could be speculated that a semantic relationship between the cue and 
retrieved information in the autobiographical knowledge base could also play 
a role in direct retrieval. However, in both cases, the modality of the perceptual 
retrieval cue could be meaning based. 
 
In summary, the self-memory system is a descriptive model of how autobio-
graphical memory information is encoded, retained, and stored in a knowledge 
base from which information can be generatively or directly retrieved. Hence-
forth, “search processes” refers to these two processes of memory retrieval, 
that is, the top–down generative search process and the bottom–up direct 
search process. In my thesis it is postulated that, at the time of retrieval, mem-
ories are constructed of information from the autobiographical knowledge 
base. 
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Autobiographical memory depending on 
retrieval cue 

In Study I and II, it was reasoned that different sensory modality inputs at-
tended to at encoding and/or retrieval would to some extent map onto partic-
ular stored information in the autobiographical knowledge base. This circum-
stance would be evident in differences, depending on the sensory retrieval cue, 
in the memory content, age distribution, subjective rating, and number of re-
trieved autobiographical memories. 

Multimodal retrieval cues 

The bumblebee was so beautiful—orange and black, woolly, with a white rump. 
I heard the sound of the bumblebee buzzing and sensed its soft wings touching 
my skin. I felt the smell of azalea and the taste of strawberry in my mouth. 

 
At the original occurrence of an event, we encode perceptions to be later re-
trieved and used as cues at retrieval. I have found only a few studies investi-
gating unimodal sensory cue retrieval (e.g., Willander & Larsson, 2006), and 
none investigating multimodal sensory cued retrieval. Yet in our everyday 
lives, we usually perceive several sensations at the same time, for example, 
the sight, sound, and touch of a bumblebee. However, in the field of percep-
tion, considerable research has investigated both single and multisensory re-
sponses. Perceptual findings are of interest for autobiographical research, as 
perceptual processing at encoding has been found to affect episodic memory 
retrieval. For example, that the manipulation of attention to pictures at encod-
ing enhances picture recognition, while there to be no difference in recogni-
tion between pictures and sounds if attention is directed toward the sounds at 
encoding (Schmid, Büchel, & Rose, 2011). The effect of differences in epi-
sodic memory tasks depending on sensory stimuli could apply to autobio-
graphical memory as well, as specific details are encoded at the original oc-
currence of an event, and as stated in the introduction, “we piece together frag-
ments of stored information” (Schacter, 2012, p. 8) at retrieval bits and pieces 
of stored information during memory construction at retrieval. 
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Perceptual attention and memory 
In both unimodal and multimodal settings, a considerable amount of research 
has found that humans are more likely to attend to visual stimuli than other 
sensory modalities (e.g., Colavita, 1974; Colavita & Weisberg, 1979; Koppen 
et al., 2008; Schmid et al., 2011; Sinnett et al., 2008; Sinnett et al., 2007; 
Spence et al., 2001; for a review, see Spence, 2009). In unimodal settings, 
people are presented with stimuli of one sensory modality at a time, while in 
bimodal settings, sensory stimuli of diverse modalities are presented simulta-
neously. It has for example been found that individuals respond more often 
and faster to visual stimuli compared to auditory stimuli, although these mo-
dalities are presented at the same time (e.g., Koppen et al., 2008), and olfac-
tory information to be discounted because of contradictory visual information 
(Morrot et al., 2001). A common explanation for the visual dominance effect 
is that sight is possibly humans’ main sense (e.g., Sinnett et al., 2007). It has 
also been suggested that we have a high alerting sensitivity to auditory and 
tactile signals, and that we compensate for this by a general attentional bias 
toward the visual modality (Posner et al., 1976). This notion could be in line 
with research finding that the attentional allocation of auditory inputs warns 
us of unseen danger (Asutay & Västfjäll, 2015). The status of being a sensory 
warning system has also been assigned to the olfactory modality (Arshamian 
et al., 2017; Lundstrom et al., 2006).   
 
If humans attend more to visual stimuli than to other modalities at encoding, 
this should be reflected in a larger number of visual images being available as 
cues in the search process of memory retrieval. Mental images, that is, sen-
sory–perceptual episodic memories (Conway, 2005) are considered to be used 
as a search strategy for retrieving autobiographical memories (Williams et al., 
1999). Indeed, visual imagery has been demonstrated to be the most experi-
enced element in retrieved autobiographical memory (e.g., Brewer, 1988; 
Conway, 2005, referring to Conway et al., 2005; Galton, 1879/2004). Further-
more, in a diary study by Brewer (1988), the visual imagery dominance effect 
in autobiographical memory was demonstrated in experiential ratings. The 
more certain a subject was about remembering an event, the higher the ratings 
of re-experiencing visual imagery, followed by auditory, tactile, smell, and 
taste. Additionally, the frequency of correct details remembered was the high-
est in memory descriptions rated the highest in visual imagery (Brewer, 1988). 
Furthermore, the number of visually cued memories have been found to be 
higher than olfactory evoked memories (Goddard et al., 2005; Willander & 
Larsson, 2007).   
 
Notably, perceptual research has also found that the visual dominance effect 
can be lessened or eliminated, and that an auditory dominance effect can even 
occur in bimodal settings. For example, when manipulating subjects’ attention 
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to auditory stimuli, Sinnett et al. (2007) demonstrated that the visual domi-
nance effect was lessened, while Koppen and Spence (2007) demonstrated 
that the effect was eliminated if the visual and auditory targets were tempo-
rally separated. Furthermore, auditory responses tend to dominate in detection 
(Robinson et al., 2016), temporal judgments (Burr et al., 2009; Repp & Penel, 
2002; Welch et al., 1986), and detection, while visual responses tends to dom-
inate in discrimination (Robinson et al., 2016). The auditory modality could 
also have a substantial influence on visual perception (Regan & Spekreijse, 
1977; Sekuler, Sekuler, & Lau, 1997). For example, in an experiment by Re-
gan and Spekreijse (1977) it was found that the perceived flicker of light could 
be influenced by the physical rate of fluttering clicking sounds; or as shown 
by Sekuler, Sekuler and Lau (1997), when a crashing sound was presented at 
the same time as two visual stimuluses coincided, lead to a crash being ob-
served even though the visual stimuli passed by each other. Furthermore, even 
though the visual modality seems to be the primary imagery modality, re-
search has found that we can also re-experience and imagine other perceptual 
modalities, such as the auditory and olfactory modalities (Arshamian & Lars-
son, 2014; Hubbard, 2010; Willander & Larsson, 2008).  
 
However, whereas most of the population can generate visual mental images, 
most cannot produce olfactory experiences in their minds (Arshamian & Lars-
son, 2014). Additionally, Williams, Healy, and Ellis (1999) demonstrated that 
in comparison with other sensory modalities (i.e., auditory, olfactory, and tac-
tile), visual imageability correlated with memory specificity and ratings of 
vividness, while visual and auditory imageability correlated with the total 
number of retrieved events and with retrieval latency. Nevertheless, the visual 
condition contributed the most, followed by the auditory condition, to the var-
iance in the last two dependent variables. Therefore, as discussed by Green-
berg and Rubin (2003), visual imagery may be the most vital for autobiograph-
ical memory recall and may facilitate memory recall to a larger extent than do 
other sensory modalities. This possibility has found support in research show-
ing that damage to the visual cortex impairs visual imagery and prevents au-
tobiographical memory recall, while damage to brain areas related to auditory 
processing has no major effect on autobiographical memory recall (Greenberg 
& Rubin, 2003; Ogden, 1993). It should be noted that the relationship between 
perception, imagery and autobiographical memory has been substantiated by 
several brain imaging studies demonstrating that the perception and imagining 
of a sensory modality stimulus activate corresponding brain areas (e.g., Ganis 
et al., 2004; Halpern et al., 2004; Herholz et al., 2008), and that the patterns 
of brain activation during retrieval differ depending on the sensory cue used 
to evoke a memory (Arshamian et al., 2013; Herz et al., 2004).  
 
To be mentioned, of particular interest with regard to multimodally presented 
retrieval cues. Multimodal stimuli presentations have been found to enhance 
perceptual responses relative to the constituent unimodal stimuli (Burr et al., 
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2009; Mahoney et al., 2011), and congruent stimuluses responses have been 
found to be enhanced relative to incongruent responses (Koppen et al., 2008; 
Laurienti et al., 2004; Mahoney et al., 2011; Yuval-Greenberg & Deouell, 
2009). For example, the detection of a color with a congruent verbalization of 
the color to be perceived faster than an incongruent stimulus presentation 
(Laurienti et al., 2004); and odors to be detected faster and more accurate in 
semantically congruent visual bimodal trials in comparison to incongruent bi-
modal and odor unimodal trials (Gottfried & Dolan, 2003). Enhancement of 
multimodal presentation has been explained by a supra-additive effect, that is 
multiplicative neural activities (e.g., Calvert et al., 2000; Holmes & Spence, 
2005); or in other words ‘‘the multisensory whole is greater than the sum of 
its unisensory parts’’ (Holmes & Spence, 2005, p. R763). In particular, supra-
additive responses has been observed when the stimuluses are congruent, and 
sub-additive responses when the stimuluses are incongruent (Calvert et al., 
2000). In the present research, contextually congruent visual, auditory, and 
olfactory retrieval cues were used to evoke autobiographical memories. Pos-
sibly, these effects of multimodal enhancement would have an impact on 
memory retrieval, such as that the multimodally cued memories would dis-
tinctly differ from the unimodally cued memories semantic content. 
 
In summary, it seems that sight is the human species’ main sense, and that 
visual stimuli are attended to and the most imagined. However, depending on 
the task setting, some studies have found an auditory dominance effect and a 
multimodal enhancement effect in attention. Furthermore, a modality hierar-
chy have been observed in imagery and autobiographical memory, such as, 
the visual modality to dominate, followed by auditory and last olfactory. 
 
The visual dominance hypothesis put forward in Study I was based on the 
assumption that visual sensory inputs would be more attended to (i) at encod-
ing and/or (ii) at retrieval when the retrieval cue (i.e., sensory input) is pro-
cessed, and in a cascade, drive the contributions of auditory and olfactory in-
formation in the multimodal condition. This process would be followed by a 
spreading effect, leading to a stable pattern of information retrieval from all 
levels in the autobiographical knowledge base. Visual information would 
therefore contribute the most to multimodally retrieved memories, followed 
by the other two unimodalities.  

Perceptual mental representations  
We now turn to a perspective that further acknowledges the interaction be-
tween mental images and higher-order cognitive processing, that is, a theory 
of knowledge representation, which recognize perceptual representations in 
the form of cognitive semantics based on conceptual spaces and its qualitative 
dimensions (e.g., Gärdenfors, 1996, 2014). Gärdenfors (1996 has discussed 
the background to this: 
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Cognitive models are mainly perceptually determined (meaning is not inde-
pendent of perception). Since the cognitive structures in our heads are con-
nected to our perceptual mechanisms, directly or indirectly, it follows that 
meanings are, at least partly, perceptually grounded. We can talk about what 
we see and hear. Conversely, we can create pictures, mental or real, of what we 
read or listen to. This means that we can translate between the visual form of 
representation and the linguistic code. A central hypothesis of cognitive seman-
tics is that the way we store perceptions in our memories has the same form as 
the meanings of words. (Gärdenfors, 1996, pp. 4)  

 
As noted, in accordance with the visual dominance hypothesis, the theory 
states that the meanings of words are perceptually represented in our minds 
primarily as visual image schemas (e.g., Gärdenfors, 1996). 
 
The basis of the conceptual space’s framework is semantics (i.e., meaning), 
represented as linguistic elements mapping onto cognitive topological or geo-
metrical structures (e.g., Gärdenfors, 2011). Concepts are projected and simi-
larities are represented as regions in a multidimensional conceptual space 
(e.g., Gärdenfors, 1996, 2014). The foremost epistemological role of concep-
tual spaces is to serve as a categorization device for representing the relation-
ship between perceptions. They are primarily based on dimensions, innate or 
developed (mainly in childhood), by which we judge perceptions as similar or 
dissimilar (Gärdenfors, 2004). Gärdenfors’ (1996) earlier work emphasizes 
the conceptualization of physical sensory experiences, though in his later work 
Gärdenfors (2014) discusses dimensions that are not sensory induced but ab-
stract in character. However, in line with the purposes of the present research, 
that is, sensory-cued retrieval, perceptual conceptual spaces and dimensions 
are addressed here. 
 
The essential function of the quality dimensions is to represent various char-
acteristics of perceptions and, consequently, to distinguish the relationships 
between them. Gärdenfors (e.g., 1996, 2014) established the example of a 
color space in which the perceived color can be represented as a combination 
of three basic dimensions: hue, saturation, and brightness. The quality dimen-
sions are fundamental and span the geometrical structure of the conceptual 
space. In Gärdenfors’ (e.g., 1996) own example, the quality dimensions of 
hue, saturation, and brightness span the color space. To explore the complex-
ity of the theory somewhat further, in addition to basic dimensions such as 
hue, sub-spaces form parts of higher-order conceptual spaces. For example, 
color, texture, and taste spaces form parts of a strawberry space (see Figure 
2). So, “usually, the conceptual spaces are constructed out of many dimensions 
and domains that can make their depiction very challenging” (Rama Fiorini, 
Gärdenfors, & Abel, 2014, p. 130). 
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Figure 2. A conceptual strawberry space (adapted from Rama Fiorini, Gärdenfors, & 
Abel, 2014, p. 132, with permission from Springer Nature). 

With that in mind, based on the assumptions of my thesis, that is, that different 
retrieval cues map onto and reactivate different stored memory information, it 
could be postulated that the conceptual spaces and associated qualitative di-
mensions of the differentially perceptually evoked memories will differ and, 
consequently, that the semantic content will differ depending on the sensory 
cue used to evoke the memory. However, as Gärdenfors (e.g., 2011) further 
theorizes, many quality dimensions are convex in their geometrical structure; 
as easily illustrated in the case of color, the convex area is where yellow turns 
into orange. To extrapolate, if the conceptual spaces and associated quality 
dimensions of the mental representations of autobiographical memories are 
substantially convex, the memories’ semantic representations would to some 
extent blend into each other due to the descriptions’ similarities, being de-
scribed more or less multimodally.  
 
In Study I, it was postulated that the mental representations of the unimodal 
sensory memory information would serve as qualitative dimensions of the 
mental representation of the multimodal conditioned memories conceptual 
space. This noticeable in the semantic content in such a way as that the multi-
modal representation in a semantic space would be positioned within a triangle 
spanned by the three unimodal semantic representations; or a supra-additive 
effect to be observed, as such, that the multimodal semantic representation to 
be positioned outside the triangle.  

Unimodal retrieval cues 
As we shall see in the following paragraphs, the few studies investigating sen-
sory-cued retrieval have demonstrated that autobiographical memory differs 
in terms of age distribution, subjective experience, and number of retrieved 
memories depending on the sensory cue used to evoke specific memories. 
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Age distribution 
A well-established finding in the autobiographical memory literature is the 
age distribution, that is, the frequency distribution of retrieved memories 
across the lifespan (reviews, Koppel & Berntsen, 2015; Willander, 2007). The 
typical pattern found for retrieved autobiographical memories cued with a 
word or a picture consists of three parts: childhood amnesia, reminiscence 
bump, and forgetting (see Figure 3). Childhood amnesia refers to that no or 
very few autobiographical memories are remembered by adults from before 
approximately three years of age. The reminiscence bump describes a fre-
quency peak in memories across the lifespan, commonly found between the 
ages of 10 and 30 years (reviews, Koppel & Berntsen, 2015; Willander, 2007). 
Lastly, forgetting as a function of time can be observed at the end of the age 
distribution (i.e., recency effect).  
 

 
Figure 3. The typical age distribution for word-, visually, and olfactory-cued autobi-
ographical memories (adapted from Willander’s, 2007, “autobiographical odor 
memory”). 

However, other patterns have been observed as well. For example, even 
though olfactory-evoked memories have been found to be lesser retrieved in 
general in contrast to visually and conceptually-evoked memories (e.g., God-
dard et al., 2005; Willander & Larsson, 2007), a larger number of olfactory 
evoked memories to be retrieved from the first decade in comparison to mem-
ories evoked by pictures or words (e.g., Chu & Downes, 2000; Willander & 
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Larsson, 2006, 2007; cf. Goddard et al., 2005). Of further interest, Willander 
and Larsson (2007) found a very obvious interaction between perceptual stim-
ulus and memory in a bimodal setting in which the presentation of an odor and 
its referent label influenced the estimated age of event of olfactory-cued re-
trieval. When an odor was presented simultaneously with its verbal label, 
more childhood memories were retrieved than when the label was presented 
alone (Willander & Larsson, 2007).  
 
Several suggested explanations for the reminiscence bump have been sug-
gested: i) the cognitive account, ii) cognitive capacity (e.g., Rubin et al., 
1998), iii) identity formation (e.g., Conway & Pleydell-Pearce, 2000; Rubin 
et al., 1998), iv) life scripts (e.g., Berntsen & Rubin, 2004), and v) life story 
(Glück & Bluck, 2007) – all of which highlight the particularity of the period 
in life between the ages of 10 and 30 years. Regarding the cognitive account, 
the bump is suggested to be explained by novelty. That is, life is often turbu-
lent and many novel things happen during the bump period, which is often 
followed by a calm and stable period. Consequently, the experiences during 
this period are experienced as more distinctive and are subsequently more re-
membered. Next, the bump is explained as resulting from cognitive abilities, 
which peak in this age range due to fully developed neural structures not yet 
in decline. The identity formation account (e.g., Conway & Pleydell-Pearce, 
2000; Rubin et al., 1998) describes the bump as resulting from a clustering of 
important events related to identity formation that are experienced during the 
teenage and young adulthood years; this clustering of identity-salient events 
is observed as a peak in retrieved memories. According to the life script ac-
count, the location of the bump is a result of experienced transitional events, 
mostly experienced from 10 to 30 years of age, in accordance with culturally 
shared scripts. As such, a set of expectations about when certain transitional 
events should typically happen in life (e.g., ending primary school and begin-
ning romantic long-term relationships) constitutes a script that helps structure 
experiences of life and guides memory retrieval (e.g., Berntsen & Rubin, 
2004). Finally, in the life-story account (Glück & Bluck, 2007), all previously 
mentioned explanations are unified into one lifespan developmental theory. 
This theory emphasizes the role of especially important, memorable, transi-
tional individual life-choice events, in contrast to culturally induced events 
that affect the individual throughout her/his life, and as such form part of the 
individual’s life story. 
 
However, these accounts do not explain the earlier bump in olfactory-cued 
memories. One explanation, which has been put forward is interference. That 
is, odors to be less perceived in our everyday lives and therefore to be less 
retroactively interfered with than are concepts and pictures (Larsson & Wil-
lander, 2009). Accordingly, an odor not perceived after early childhood could, 
if one is exposed to it as an adult, evoke a childhood memory. This explanation 
has found support in research showing that olfactory-cued autobiographical 
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memories are less thought of (Rubin et al., 1984; Willander & Larsson, 2006), 
spoken of (Rubin et al., 1984), and retrieved than are memories elicited by 
words or pictorial cues, whereas the last two conditions do not differ (Goddard 
et al., 2005; Willander & Larsson, 2007; cf. Willander & Larsson, 2006). An-
other account for the earlier olfactory bump could be in line with “the sense 
of first impression” hypothesis (Yeshurun et al., 2009). Yeshurun, Lapid, 
Dudai, and Sobel (2009) demonstrated that brain activation during an associ-
ation task predicted the recall of odor associations one week later, whereas 
that was not the case for sound associations. Yeshurun, et al. (2009) concluded 
that the olfactory sense is the sense of first impression. Accordingly, it could 
be hypothesized that odor cues evoke childhood memories more than do other 
cue modalities, as they are typical of a period in life when most first sense 
impressions are experienced. Of further interest regarding brain activation, it 
has been found that memories evoked by odors from the first decade of life 
activate fewer semantic and more perceptual brain areas than do memories 
from later decades of life (Arshamian et al., 2013). A finding which could 
further distinguish the olfactory-evoked memories content, as those memo-
ries, as reported, primarily are from an early age in life, and suggestively there-
fore contain more perceptual details than memories evoked by other sensory 
modalities.  

Subjective experience 
I sensed the smell of azaleas and a memory from my childhood suddenly came 
to mind. When recalling the event now, I feel as if I am travelling back in time 
and re-experiencing the event. It was a very pleasant moment. 

 
Odor-evoked memories have also been found to differ in terms of subjective 
experience from other cue modalities. The notion of the particularity of odor-
evoked memories has been labeled the Proustian phenomenon. This based on 
Proust’s (1913) description of a vivid childhood memory spontaneously 
evoked by the fragrance of a lime-blossom-tea–soaked madeleine cake in the 
novel In Search of Lost Time. The phenomenon has since been attributed to 
the fact that odors are potentially particularly evocative in comparison with 
other memory retrieval cues, being “able to spontaneously cue AMs [i.e., au-
tobiographical memories] which are highly vivid, effectively toned, and very 
old” (Chu & Downes, 2000, p. B44). Research has found support for the 
Proustian hypothesis, demonstrating that odor-evoked memories, as already 
mentioned, are recalled from early childhood, and are rated higher in valence 
(i.e., pleasantness) than are memories evoked by words, such as the verbal 
referent of the odor cue (Arshamian et al., 2013; Chu & Downes, 2002; Wil-
lander & Larsson, 2007, cf. Willander & Larsson, 2006). Additionally, Rubin, 
Groth, and Goldsmith (1984) similarly found a marginal difference in two ex-
periments (Experiment 1, words and odors, p = .06; Experiment 2, words, pic-
tures, and odors, p = .08). Olfactory-cued memories have further been found 
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to be more evocative, as measured by a stronger feeling of being brought back 
in time at retrieval to the original occurrence of the event than is the case for 
memories evoked by words (Arshamian et al., 2013; Herz, 2004; Willander & 
Larsson, 2006, 2007), pictures (Herz, 2004; Willander & Larsson, 2006), and 
sounds (Herz, 2004). However, for experienced vividness (Chu & Downes, 
2002; Goddard et al., 2005; Herz, 2004; Rubin et al., 1984; Willander & Lars-
son, 2006, 2007), importance (Chu & Downes, 2002; Willander & Larsson, 
2006), and emotional intensity (Willander & Larsson, 2006, 2007), research 
has found no differences in ratings between olfactory-, visually, and concep-
tually evoked memories. Interestingly, concerning visually and auditory-
evoked memories, no difference has been found between the modalities in rat-
ings of emotional intensity, vividness, and feeling of being brought back in 
time (Herz, 2004).  
 
One explanation for the particularity of odor-evoked memories with regard to 
subjective experience is the neural structure hypothesis (e.g., Herz & 
Schooler, 2002), stating that the olfactory system is unique among the sensory 
modalities, as it forms part of the limbic system by for example a direct con-
nection to the amygdala and a close connection to the hippocampus (Wilson 
& Stevenson, 2006). This notion is supported by research demonstrating that 
amygdala activation is stronger when an autobiographical memory has been 
evoked by a personally significant odor than by the odor’s equivalent picture 
(Herz et al., 2004). Furthermore, that recollection of an autobiographical 
memory associated to the subjective experience of a strong feeling of happi-
ness can be induced by electrical stimulation of the amygdala (Bartolomei et 
al., 2017).  
 
In sum, aspects of autobiographical memory have been found to differ de-
pending on the cue used to evoke the memories. In accordance, in Study I, it 
was hypothesized that the unimodally cued memories semantic content would 
differ from each other, and in agreement with the reviewed literature presented 
above in Study II, that the reminiscence bump for olfactory-cued memories 
would be positioned in the first decade of life and the bump for visually cued 
memories in the second and third decades. Furthermore, it was hypothesized 
that olfactory-cued memories would be rated higher in valence and the feeling 
of being brought back in time. 
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Autobiographical memory depending on 
gender 

Across age cohorts and culture research has found that females and males con-
struct their memories differently in several aspects of autobiographical 
memory. For example, females manifestly (i.e., the actual words used) de-
scribe their memories in more emotional and communal terms, than do males 
(e.g., Niedźwieńska, 2003). However, I have not found any studies investigat-
ing what is latently expressed (i.e., the underlying meaning in the expressed 
words), which is an essential aspect of human communication (Landauer, 
2007), as such verbally shared autobiographical memories.   
 
Several explanations for gender differences have been put forward, for exam-
ple, biological and social learning (e.g., Herlitz, et al., 1997; Leaper & Ayres, 
2007). I my thesis I have focused on socialization. However, with that said 
biological factors, for example hormonal differences, with regard to caring 
related behaviors, should not be discerned, just not addressed here. My choice 
was based on differences shown across cultures in the autobiographical 
memory content depending on gender (e.g., Poland, Niedźwieńska, 2003; cf. 
USA, Fivush et al., 2012; China, Wang 2001) and if primarily attributed to 
biology gender differences in autobiographical memory, no culture differ-
ences should be observed in the memory content. Furthermore, as will be ad-
dressed later, it has been found that children to some extent learn how to re-
member depending on parental memory conversation style (Fivush et al., 
2006). A notion which is in agreement with socialization theory, which argues 
that diverse gender roles are primarily enforced by parents, peers, childcare 
systems, school, and society (Bem, 1981; Bussey & Bandura, 1999; Carter, 
2014; Leaper & Friedman, 2014; Maccoby, 2000).  
 
Accordingly, an additional motivation for my research was to explore if gen-
der differences in a Swedish sample would be as noticeable as in previous 
research performed in less gender equal and more traditional societies, where 
predominately all previous research has been performed (see Table 1). That 
is, I have not found any studies investigating gender differences in a country 
ranked as gender equal as Sweden (see Table 1, World Economic Forum, 
2017) or with the least traditional cultural values (i.e., emphasis on the im-
portance of religion, parent-child ties, deference to authority and traditional 
family values, cf. tolerance of foreigners, homosexual, and gender equality, 
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rising demands for participation in decision-making in economic and political 
life) compared with the 92 countries covered in the World Value Survey (In-
glehart et al., 2014).  

Table 1. The Global Gender Gap Report 2017 (World Economic Forum, 2017). Gen-
der equality index of countries reviewed in preparation for the current thesis.  

Global Gender Gap Report 2017 
Country Rank 
Sweden 5 
Denmark 14 
Canada 16 
Spain 24 
Australia 35 
Poland 39 
USA 49 
Italy 82 
China 100 
Qatar 130 

 
As results found in one culture can not necessarily be generalized to other 
cultures or subcultures (e.g., Ottsen & Berntsen, 2014), it is of interest to ex-
plore gender differences in a culture that has not previously been studied and 
considered to be highly gender equal. Thus, Study III was performed to ex-
plore whether gender differences found in other cultures could be found in a 
Swedish population. 

Agency and communality 

[Agency and communality are considered to be] two fundamental modalities in 
the existence of living forms, agency for the existence of an organism as an 
individual, and communion for the participation of the individual in some larger 
organism of which the individual is a part. (Bakan, 1966, pp. 14–15)  
 

Females and males have historically been considered to differ in agentic and 
communal traits, with females being more communal and males more agentic 
(e.g., Bakan, 1966; Wiggins, 1991). The literature defines the communal ori-
entation as expressed in words referring to others, intimacy, interconnected-
ness, and social relationships, and the agentic orientation as expressed in 
words referring to oneself, achievement, striving, and power (Abele & 
Wojciszke, 2014; Bakan, 1966; McAdams et al., 1996; Wiggins, 1991). It has 
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been proposed that these basic orientations influence several areas of psycho-
logical function, for example, the perception of ourselves and others, rela-
tional interactions, attitudes, identity formation, behavior, incentives, cogni-
tive functions, characteristic adaptation (Abele & Wojciszke, 2014; Bakan, 
1966; Diehl et al., 2004; Fivush et al., 2012; McAdams, 2001; McAdams et 
al., 1996; McAdams & Pals, 2006), language used to describe social relation-
ships, and views of the relationship between men and women (Wiggins, 1991). 
If these “two fundamental modalities in the existence of living forms” (Bakan, 
1966, p. 107) influence human behavior and thinking to the suggested extent 
and, furthermore, if females are more communally and males more agentically 
oriented, this should be reflected in their autobiographical memories. This is 
because our behavior and thinking form parts of our experiences, and our ex-
periences give rise to our autobiographical memories. 
 
It has been found that females are indeed more communally oriented in their 
memory descriptions than are males (Buckner & Fivush, 1998, 2000; Ely et 
al., 1998; Study II, Fitzgerald, 2010; Han et al., 1998; Niedźwieńska, 2003; 
Study II, Thorne & McLean, 2002; Wang et al., 1998). However, conflicting 
findings suggest that there is no difference between the genders in communal 
expressions (McAdams et al., 1996; Tani et al., 2015; Study I, Thorne & 
McLean, 2002; Wang, 2001, 2004). The notion that males express themselves 
in more agentic oriented terms has found weak support. For example, females 
and males have been found to be equally agentic in their memory descriptions 
(McAdams et al., 1996; Tani et al., 2015; Study I, Thorne & McLean, 2002; 
Wang, 2001, 2004) or even, females to express their memories in more agentic 
terms than did males (Fivush et al., 2012; Wang 2001). Two studies have par-
tially supported the claim that males are more agentic (Niedźwieńska, 2003; 
Study II, Thorne & McLean, 2002). In my literature review, I did not find any 
study demonstrating that men referred more to others than to themselves. 

Parental style and memory elaboration 
In agreement with socialization theory (e.g., Maccoby, 2000; Vygotskij, 
1978), the parental-style conversation style hypothesis has been proposed to 
account for individual, gender, and cultural differences in autobiographical 
memory elaboration (for overviews, see Fivush, 2011; Fivush, Haden, & 
Reese, 2006; Fivush & Nelson, 2004). This hypothesis states that “children 
are learning how to remember their past” by engaging in memory conversa-
tions (Fivush et al., 2006, p. 1580). Concerning gender, parents elaborate more 
about the child’s experience when conversing with their daughters than with 
their sons (e.g., Fivush et al., 2003; Reese & Fivush, 1993), particularly about 
emotional aspects of events (e.g., Adams et al., 1995; Aznar & Tenenbaum, 
2015; Fivush et al., 2000), and are more likely to place memory conversations 
within an interpersonal context when conversing with daughters (Fivush et al., 
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2003, 2000). Consequently, girls participate more in memory conversations 
(Reese & Fivush, 1993), elaborate more (Fivush et al., 2003; Han et al., 1998), 
and especially use more emotional expressions when describing their memo-
ries than do boys (e.g., at age six but not at age three, Adams et al., 1995; 
Bauer et al., 2003; Buckner & Fivush, 1998; Americans not Chinese and Ko-
rean, Han et al., 1998; cf. Wang, 2004). The parental-style hypothesis has 
found further support in research investigating cultural differences. American 
parents elaborate more with their children in their memory conversations and 
emphasize the development of independence; in contrast, Chinese parents 
elaborate less, encouraging their children to be more emotionally constrained, 
talk less about themselves, and be more oriented toward the collective (e.g., 
Wang, 2006; Wang et al., 2000). Subsequently, Chinese children remember 
fewer memories, elaborate less, and have memories that are more emotionally 
neutral and more communally oriented than do American children, and vice 
versus (for an overview, see Leicthman et al., 2003). Interestingly, in a study 
performed by Wang (2001), Chinese women used more expressions related to 
agency when describing their memories than did Chinese men. It has been 
noted that Chinese parents foster boys and girls equally (Han et al., 1998; 
Wang, 2001; Wang et al., 1998) and that in Chinese culture there is an empha-
sis on female competence (Wang, 2001). 

Episodic details and number of retrieved memories 
As girls do, adult women elaborate more when describing their memories, us-
ing more episodic details (e.g., Fivush et al., 2012), particularly emotional ex-
pressions (e.g., Niedźwieńska, 2003). Furthermore, girls and women retrieve 
more memories (Davis, 1999; Fujita, Diener, & Sandvik, 1991; Pillemer et al., 
2003; Rubin & Berntsen, 2009; Seidlitz & Diener, 1998). Seidlizt and Diener 
(1998) have addressed females’ superiority in autobiographical memory re-
trieval from an encoding perspective, finding that women elaborated more 
when describing daily events and later retrieved more of those described 
events. Accordingly, Seidlitz and Diener (1998) theorized that more elabora-
tion at encoding means that more cues will be available to be used at retrieval, 
resulting in better recall. The female propensity to elaborate more at encoding 
could be an outcome of the memory skill socialization described above. See 
Fivush and Buckner’s (2003) review for an examination of gender differences, 
girls’ superiority in autobiographical memory skills, and the importance of 
autobiographical memory narratives in relation to gender (and identity devel-
opment). 
 
In sum, the content of autobiographical memories has been shown to differ 
depending on gender. Females’ memory descriptions contain more episodic 
details, especially emotional expressions, and more communally oriented than 



38 

are men’s memory descriptions, this having been found in the manifestly ex-
pressed words (e.g., Bauer et al., 2003; Fivush et al., 2012; Hong et al., 2015; 
McAdams et al., 1996; Niedźwieńska, 2003; Pasupathi, 2007; Rice & Pasu-
pathi, 2010; Schryer et al., 2012; Tani et al., 2015; Thorne & McLean, 2002; 
Wang, 2001, 2004; Wang et al., 2011). Then what about the latently expressed 
content – does the content of autobiographical memories also differ depending 
on gender in terms of the underlying meaning of the expressed words?  

Manifest and latent memory content 

Since the beginning of time there has always been an underlying meaning in 
the expressed words. (Anouilh, 1951) 

 
Previous research investigating gender differences in autobiographical 
memory has focused on the exact words used to describe the events (i.e., man-
ifest content) of autobiographical memories (e.g., Bauer et al., 2003; Study 2, 
Fitzgerald, 2010; Niedźwieńska, 2003; Thorne & McLean, 2002). However, 
the underlying meaning in the expressed words (i.e., latent content) are also 
important to investigate as it is an essential aspect of human communication 
(Landauer, 2007). The underlying meaning of the expressed words has been 
said to be revealed by how we contextually use words in a description (Lan-
dauer, 2007). To my knowledge, no previous study has investigated gender 
differences in the latent memory content, or compared the manifest content 
with the latent content. In the present thesis verbatim memory information 
(i.e., precise event details) was operationalized to be manifestly described and 
gist memory information (i.e., meaning based) latently described. This is in 
accordance with the fuzzy trace theory which suggest that experiences are en-
coded and retrieved in parallel as verbatim and gist mental representations; 
the former type of mental representations constitute the apparent information 
and the latter the semantic and relational information about an experience 
(Brainerd & Reyna, 1990, 2004; Reyna, 2012). For example, consider the fol-
lowing memory description: “I remember seeing a boy and a girl who were 
playing with their toy spades and buckets in a sandbox.” Manifestly, the 
memory statement depicts the apparent recollection of a boy and a girl playing 
in a sandbox, but it says nothing about, for example, the boy’s and girl’s ages. 
Latently, the interpretation of the statement would probably be a recollection 
of toddlers, not teenagers, playing in the sandbox, as toddlers are mentioned 
more often in contexts in which sandboxes are mentioned. If females’ autobi-
ographical memories are more communal and emotionally expressed than are 
males’, and if male’s memories are more agentic, this should be reflected in 
the memory content, and possibly in both the manifest and latent contents.  
 



39 

The latently described contents were analyzed using the computerized latent 
semantic analysis (LSA, e.g., Landauer, 2007), in which semantic similarity 
between words and set of words, such as memory descriptions, can be meas-
ured. The manifestly described contents were analyzed using the computer-
ized linguistic inquiry word count (LIWC, e.g., Tausczik & Pennebaker, 
2010), in which the proportional frequencies of words pertaining to particular 
categories, for example, emotional and socially related expressions, are calcu-
lated. 
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Aims and hypotheses 

The aim of the thesis was to investigate differences in autobiographical mem-
ories depending on sensory retrieval cue modality and gender.  
 
In Study I, we investigated differences in the semantic content of autobio-

graphical memories depending on the sensory retrieval cues used to evoke 
the memories. Based on perceptual- imagery and autobiographical memory 
research and the conceptual space theory it was hypothesized that the con-
tent of unimodally cued memories would differ from each other. It was 
further hypothesized that the content of the multimodally cued memories 
could be described as a combination of the three unimodally condition 
memories; however, that visual information would have a larger impact on 
the multimodal condition than auditory and olfactory information.  

 
In Study II, we investigated differences in age distribution, subjective experi-

ence (i.e., valence, feeling of being brought back in time, vividness, emo-
tional intensity and importance), and number of retrieved memories, de-
pending on the sensory retrieval cues used to evoke the memories. Based 
on previous autobiographical memory research it was hypothesized that the 
reminiscence bump of the olfactory cued memories would be located ear-
lier and be rated higher in valence and with a stronger feeling of being 
brought back in time, and retrieved to a lesser extent, than the visually cued 
memories.  

 
In Study III, we investigated gender differences in the manifestly expressed 

words (i.e., actual words used) and the latently expressed words (i.e., un-
derlying meaning in the expressed words) in autobiographical memory de-
scriptions. The study was exploratory and accordingly no hypotheses put 
forward. However, based on previous research it was expected that the fe-
male participants memories would contain more communal expressions 
and episodic details (i.e., emotional, perceptual and cognitive), and retrieve 
more memories than the male participants.  
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General methodology 

Participants 
In total, 80 students (M = 25.86 years, SD = 6.03 years, range 19–42 years; 59 
women, 21 men), with intact perceptual abilities, from the Department of Psy-
chology, Stockholm University, participated in the studies for course credits. 
Before participation, the participants provided written informed consent. The 
Stockholm Ethical Committee reviewed and approved the project (EPN #2009 
417–31). In Study II and III a subsample from the original 80 participants were 
drawn. See the section Summary of studies for further explications. 

Materials 
The material consisted of: 15 pictures, 15 sounds, and 15 odors (see Table 2). 
In the unimodal conditions (i.e., visual, auditory, and olfactory) the cues were 
presented individually. In the multimodal condition, three corresponding uni-
modal cues were presented simultaneously as one retrieval cue, to form one 
unique ecological contextual setting. 

Table 2. Contexts and retrieval cues. 
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The chromatic pictures were presented on the 22-inch LCD screen of a com-
puter; the sound was presented using the same computer via a pair of AKG 
701 headphones. The odors were presented in non-translucent dark glasses 
and the odorous material was covered with cotton pads to prevent the stimulus 
from being visually exposed. The odors were refreshed regularly to ensure 
odor quality. 

Procedure 
The participants were randomized to each cue condition and instructed to re-
trieve any specific autobiographical memory (i.e., a personally experienced 
event occurring at a single time point typically lasting between seconds and 
hours) within 30 seconds of being presented with a sensory cue. If a memory 
was successfully retrieved, it was orally described. A maximum of three 
minutes was given for the description, which was recorded and later tran-
scribed verbatim. The participants were asked to give each retrieved event a 
short title and to date the original experience. Furthermore, the participants 
were asked to rate the memory on the five phenomenological dimensions: (i) 
valence, (ii) feeling of being brought back in time to the original experience, 
(iii) vividness, (iv) emotional intensity and (v) importance. All ratings were 
made on a five-point Likert scale, ranging from very unpleasant (1) to very 
pleasant (5) for the valence rating and for the other four ratings from not at 
all (1) to very much (5). The stimulus presentation order was uniquely ran-
domized for each participant.  

Content analysis methods 
Two analytical techniques were used to investigate the autobiographical 
memory content: linguistic inquiry word count (LIWC, e.g., Tausczik & 
Pennebaker, 2010) and latent semantic analysis (LSA, e.g., Landauer, 2007). 
LIWC has been described as a theory-based ‘top-down’ deductive method of 
analysis addressing the literal meaning independent of the underlying seman-
tic content; in contrast, LSA has been described as a data-based ‘bottom-up’ 
inductive method of analysis addressing how words covary across samples of 
texts. That is, by using LSA, it is possibly to statistically study, how words 
covary in descriptions, in contrast to LIWC, were frequencies of words per-
taining to predefined psychological constructs are measured (Petri, Penne-
baker, & Sivertsen, 2008). 
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Latent semantic analyses 
In Landauer’s (1998) words: “Latent semantic analysis is a theory and method 
for extracting and representing the contextual-usage meaning of words by sta-
tistical computations applied to a large corpus of text” (p. 2). As a theory, LSA 
is based on the assumption that humans acquire language by inductive associ-
ative learning by exposure to a vast number of words over the lifetime, and 
that the contextual usage of words reveals the meaning of a description (e.g., 
Landauer, 2007; Landauer & Dumais, 1997). For example, the child experi-
ences both dogs and cats as furry animals with four legs, two ears, and one 
tail, but dogs say “woof” and cats say “meow.” The child now knows that the 
meaning of the description “the animal said woof” is a description of a dog, 
as “woof” is more often used in a context in which dogs rather than cats are 
mentioned. In this way, words that are often present in one and the same con-
text are associated and a semantic relationship is established.  
 
The basic assumption of LSA as a method is that the meanings of descriptions 
can be measured by how closely words assigned vector values are positioned 
in a high-dimensional semantic space (e.g., Landauer, 1999, 2007). In the fol-
lowing paragraph LSA as a method will be conceptually described. See the 
Study I article for a brief technical description of how the semantic space is 
generated, and for more thorough descriptions see Garcia et al. (2015), Kjell, 
Kjell, Garcia, and Sikström (2018), Landauer (2007), and Landauer and Du-
mais (1997). The semantic space used in Studies I and III, which served as a 
model for the memory descriptions, was based on the Google Ngram and is 
probably the largest semantic space in Swedish (containing approximately 30 
trillion words). The LSA algorithm assigns a vector value (i.e., a semantic 
representation) in the semantic space to each word that is part of the text under 
analysis. Followed by, in the present research, a generation of semantic repre-
sentations for each participant by summarizing the vector values of each word 
included in each participant’s memory descriptions with the resulting vector 
value normalized to the length of one. Semantic representations could be used 
to analyze differences or relationships between dependent variables, using tra-
ditional statistical measures such as t-tests, variance analyses, and correla-
tions. In the summaries of Study I, and Study III, I report how the semantic 
representation was specifically used to analyze differences in the autobio-
graphical memory content in the respective study. 

Linguistic inquiry word count 
Linguistic inquiry word count (LIWC) is a frequency-based analytical method 
in which the proportional numbers of words in diverse categories (i.e., social 
and emotional processes) are calculated from the frequencies of the words in 
a text (e.g., Tausczik & Pennebaker, 2010). For example, the sentence “I love 
my sister” would have an LIWC score of 25% in the category family, as sister 
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is one of the four words in the sentence. The LIWC categories tap various 
psychological and linguistic dimensions (see www.liwc.net). For a further de-
scription of how LIWC was adopted in my thesis, see Study III. 
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Summary of studies 

Study I 
Karlsson, K., Sikström, S., & Willander, J. (2013). The semantic representa-
tion of event information depends on the cue modality: An instance of mean-
ing-based retrieval. PLOS ONE, 8, e73378. 
https://doi.org/10.1371/journal.pone.0073378 

Aim 
The aim of Study I was to investigate differences in autobiographical memory 
content depending on the sensory modality of the cue used to evoke the 
memory. In particular, the semantic contents of visual, auditory, and olfactory 
cued memories were compared. Furthermore, each unimodal condition was 
contrasted with the multimodal condition (i.e., three unimodal cues presented 
simultaneously as one cue). 

Background 
To my knowledge, no previous research has investigated multimodally or au-
ditory sensory cued retrieval or differences in the memory content depending 
on the sensory retrieval cue. However, a few studies have found differences 
in the age distribution and subjective experience of autobiographical memo-
ries depending on unimodal sensory retrieval cues (for overviews, see Koppel 
& Berntsen, 2015; Willander, 2007). Of particular interest for this research, a 
visual dominance effect has been found in perception (e.g., Colavita & Weis-
berg, 1979), visual imagery (e.g., Greenberg & Rubin, 2003), and autobio-
graphical memory (e.g., Brewer, 1988). Furthermore, concerning perceptually 
cued memories, it has been postulated that physical sensory experiences are 
cognitively represented as geometrical semantic structures (i.e., conceptual 
spaces) spanned by quality dimensions (e.g., Gärdenfors, 2004). In the present 
study, we hypothesized that the three unimodally cued memories would con-
stitute qualitative dimensions of the multimodal condition. The cognitive in-
formation was operationalized as semantic representations generated by latent 
semantic analysis (LSA, e.g., Landauer, 2007). 
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Hypotheses 
In Study I, it was hypothesized that: i) the visually cued memories’ semantic 
representations would be positioned closer to the multimodal than the other 
two unimodalities’ semantic representations (the visual dominance hypothe-
sis), ii) the multimodally cued memories would be spanned by the three uni-
modal conditions’ semantic representations cluster centroids in the semantic 
space (the triangle hypothesis); in contrast, if the multimodal semantic repre-
sentation would be positioned outside the triangle this would suggest a poten-
tial supra-additive effect; and iii) the semantic representations of the uni-
modally cued memories would differ from each other (the differential hypoth-
esis). 

Method 

Participants 
A total of 80 students (Mage = 25.86 years, SD = 6.03, range 19–42; 59 women, 
21 men). For further details, see the section “General methodology”. 

Material and procedure  
See the section “General methodology”. 

Data analysis 
This section briefly describes the semantic scale analyses; for a thorough de-
scription, see the methodological section in the article. To investigate the se-
mantic content, first, the participants’ semantic representations were used in 
multiple linear regression models to formulate a semantic scale for each cue 
condition. The predictions were based on the semantic representations of the 
experimental text data (i.e., the memory descriptions). These prediction mod-
els were used to predict each cue condition (coded as +1) in relation to the 
other three conditions (coded as –1). The positive values thus correspond to 
the predicted cue condition and the negative value to the other three cue con-
ditions. Each predictor reflects how well a participant’s cue condition could 
be predicted by the semantic content, in contrast to the other cue conditions. 
We called these predicted values the semantic scales for each condition (i.e., 
sensory cue modality). In this way, the texts for each participant generated a 
value on each semantic scale, so that each participant’s texts were measured 
on the four scales (i.e., related to each cue condition). Each semantic scale was 
subjected to pairwise one-sided t-tests to test the hypothesis that semantic 
scales discriminated between conditions. 
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Results 
The main results of the t-tests were as follows (see Table 3 and Figure 4). The 
visual dominance effect hypothesis was partly confirmed. As shown by the 
effect sizes (Table 4), the auditory condition differed from the multimodal 
condition less than the visual condition did and the olfactory condition dif-
fered the most from the multimodal condition. However, inspection of Figures 
5 A–C suggests that both the auditory and visual conditions may be dominant. 
The triangle hypothesis was partially supported. The cluster centroid of the 
multimodal condition was spanned by the three unimodal conditions’ cluster 
centroids in the semantic space, while contrasting the visual condition to the 
olfactory condition and, to some extent, to the other two pairs of conditions 
(Figure 5 A-C). Furthermore, the multimodal condition did not differ from the 
unimodal conditions (Table 3). The differential hypothesis was confirmed. 
The unimodal conditions semantic scales differed from one another, however 
the auditory and olfactory only marginally. 

Table 3. P-values showing differences between conditions (columns) on four seman-
tic scales (rows). 

Semantic scale All others Multimodal Visual Auditory Olfactory 

Multimodal .921  - .936 .955 .863 

Visual .001 .079  - .001 .005 

Auditory .050 .261 .019  -  .070 

Olfactory .001 .005 .001 .062  - 

Note that the rows present data from the four semantic scales (i.e., the multimodal, 
visual, auditory, and olfactory scales), each of which is contrasted to the three other 
conditions. All cells present the p-values calculated from the t-tests. The first column 
compares one condition with the three other conditions; the last four columns present 
pairwise comparisons between conditions. The results are not symmetrical because 
each row represents a different scale; therefore, the olfactory value on the visual scale 
(row 2, column 6) differs from the visual value on the olfactory scale (row 4, column 
4). 

Table 4. Effect sizes (Cohen’s d) for pairwise differences. 

Semantic scale All others Multimodal Visual Auditory Olfactory 

Multimodal  -.368  -  -.491  -.549  -.352 

Visual .806 .457  - .1.01 .869 

Auditory .425 .205 .679  -  .476 

Olfactory .905 .866 1.36 .497  - 

Note. See note Table 3. 
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Figure 4. Data points plotted for all pairwise combinations of the four semantic scales. 
Note. The axis represents the semantic scales (i.e., multimodal, visual, auditory, and 
olfactory). Panels A–F present all possible pairwise combinations of these scales; for 
example, panel A has the multimodal scale on the x-axis and the visual semantic scale 
on the y-axis. The markers represent the participants’ aggregated narratives on the 
semantic scale as red crosses (visual condition), blue crosses (auditory condition), 
green crosses (olfactory condition), and yellow crosses (multimodal condition). The 
four circles represent the mean values for the four conditions. 
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Figures 5 A–C present the means and standard deviations of each condition plotted 
for the pairwise unimodal combinations of the four semantic scales. The axes repre-
sent the semantic scales (i.e., visual, auditory, olfactory, and multimodal). Panels A–
C present all possible pairwise combinations of these scales. For example, panel A 
has the visual semantic scale on the y-axis and the auditory semantic scale on the x-
axis. The crosses represent mean values for each condition. The red crosses represent 
the visual, blue the auditory, green the olfactory, and yellow the multimodal condition. 
The circles represent 95% confidence intervals. 

Main conclusions 
The perceptual modality of the retrieval cue influences the contents of the re-
trieved autobiographical memories. All three unimodal conditions contributed 
to the multimodal, though the olfactory condition contributed the least and the 
auditory and visual the most. The semantic contents of the unimodalities dif-
fered from one another.  
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Study II 
Willander, J., Sikström, S., & Karlsson, K. (2015). Multimodal retrieval of 
autobiographical memories: Sensory information contributes differently to the 
recollection of events. Frontiers in Psychology, 6, 1681.  
https://doi.org/10.3389/fpsyg.2015.01681 

Aim 
The aim of Study II was to investigate whether autobiographical memories 
evoked by visual, auditory, olfactory, and multimodal retrieval cues would 
differ in terms of: (i) age at event, (ii) phenomenological ratings (i.e., valence, 
feeling of being brought back in time, vividness, emotionality and im-
portance), and (iii) number of retrieved memories. 

Background 
Research has found that olfactory-evoked memories’ reminiscence bump is 
usually located in the first decade of life (e.g., Chu & Downes, 2000), while 
conceptually (e.g., Rubin & Schulkind, 1997) and visually evoked memories 
peak in the second and third decades (Willander & Larsson, 2006). It has fur-
ther been found that olfactory-evoked memories are rated as more pleasant 
and followed by a greater experience of being brought back in time than are 
events evoked by other sensory cues (e.g., Arshamian et al., 2013). I have not 
found any studies investigating the age distribution of multimodally or audi-
tory sensory cued autobiographical memories, or the subjective experiences 
of multimodally sensory evoked memories.  

Hypotheses 
In line with previous research it was hypothesized that: (i) olfactory-evoked 
memories would peak earlier (i.e., in the first decade of life) than the two other 
types of unimodally evoked memories; (ii) in agreement with the results found 
in Study I, showing that multimodally evoked memories were influenced by 
all three unimodalities, it was hypothesized that multimodal memories would 
peak in between the unimodally evoked memories, but closer to the visually 
and auditory- than to the olfactory-evoked memories; and furthermore, (iii) 
odor-evoked memories would be rated as more pleasant and associated with a 
stronger feeling of being brought back in time than would visually and audi-
tory-evoked memories. 
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Method 

Participants 
From the original 80 participants (see Study I), 18 participants were excluded 
to attain a sample of participants aged 20–30 years. Therefore, in the present 
study, the data originated from 62 participants (Mage = 23.94 years, SD = 2.70; 
46 females, 16 males). 

Material and procedure 
See the section “General methodology”. 

Data analysis 
The distribution was segmented into six five-year intervals (i.e., 0–5, 6–10, 
11–15, 16–20, 21–25, and 26–30 years old). The number of retrieved memo-
ries in each interval was divided by the participants’ total number of retrieved 
memories to get a measure of the proportion of evoked memories per interval. 
The proportions were then entered into an analysis of variance (ANOVA), 
with one separate ANOVA for each cue modality. Furthermore, as the partic-
ipants in the study were young adults an age distribution decomposition pro-
cedure was performed. This because when investigating the bump of the age 
distribution, participants aged 50 years or more are preferred, since they pro-
vide a larger span of the age distribution across the lifespan to be examined 
(e.g., Willander & Larsson, 2006). Subsequently, to enable separate analysis 
of the bump and the forgetting part of the age distribution, a decomposition 
procedure was performed in which the forgetting part could be subtracted 
from the age distribution. See the methodological section in the article for a 
description of the procedure. 

Results 
The main findings were as follows (see Figure 6). Hypothesis I was supported. 
The olfactory reminiscence bump was located earlier than the visually, audi-
tory-, and multimodally cued memories bumps, with a peak in the 6–10-year 
interval, while the visual and auditory bumps did not differ from each other 
and peaked in the 21–25-year interval. Hypothesis II was confirmed. The mul-
timodally evoked memories peaked between the unimodally evoked memo-
ries. With regard to the forgetting curve, the result was similar, as shown by 
the intermediate position of the multimodal condition. However, in both re-
spects closer to the visual and auditory condition than to the olfactory condi-
tion 



52 

 
Figure 6. The observed age distributions of the four cue-conditions. 
 
When the bump and the forgetting part were mathematically separated (see 
Figures 7 and 8), the olfactory-cued memories still peaked earlier than did the 
visually and auditory-evoked memories, that is, at around the age of six years; 
and the multimodal age distribution was more similar to those of the auditory 
and visual conditions than the olfactory.  
 

 
Figure 7. The corrected age distributions of the four cue-conditions. 
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On the other hand, two peaks were observed for the visual and auditory con-
ditions, the first at around the age of eight and the second at around the age of 
twenty years. Furthermore, the forgetting curve was flatter for the olfactory-
evoked memories than for the other modalities.  
 

 
Figure 8. The forgetting curves of the four cue-conditions. 
 
Finally, hypothesis III was not supported. The olfactory-evoked memories 
were not rated as more pleasant or followed by a stronger feeling of being 
brought back in time than were the other modalities. The conditions did not 
differ from one another in any of the phenomenological dimensions or in the 
number of retrieved memories. 
 
Main conclusions 
The olfactory evoked memories were from an earlier age and had a flatter 
forgetting curve than visually and auditory evoked memories, which did not 
differ from each other. The age distribution of the multimodally evoked mem-
ories was more similar to those of the visually and auditory-cued memories 
than to that of the olfactory-cued memories.   
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Study III 
Karlsson, K., Jönsson, F., Gustafsson Sendén, M., & Willander, J. (2018). 
Gender differences in autobiographical memories: Females latently express 
more communality than do males. Manuscript submitted for publication. 

Aim 
The aim of Study III was to investigate whether there are any gender differ-
ences in the manifest and latent autobiographical memory contents. 

Background 
Several studies have shown that aspects of autobiographical memory differ 
depending on gender. For example, females’ autobiographical memories con-
tain more emotional and communal expressions than do those of males (e.g., 
Niedźwieńska, 2003). Previous studies have investigated the manifestly ex-
pressed autobiographical memory content, that is, the actual words used to 
describe the memories (e.g., Tani et al., 2015); however, I have not found any 
research investigating gender differences in the latently expressed content, 
that is, the underlying meaning of the memory content. In accordance with 
fuzzy trace theory (Brainerd & Reyna, 1990, 2004), the manifestly expressed 
words were operationalized to capture the memory representation of the actual 
experience of an event (i.e., the verbatim experience), while the latently ex-
pressed words were operationalized to capture the interpretation/understand-
ing of an event (i.e., the gist experience). The underlying meaning has been 
described by Landauer (2007) as being revealed by the contextual usage of 
words. 
 
The study was exploratory. Based on previous research, gender differences in 
three aspects of the manifest and latent memory contents were investigated: 
(i) the overall autobiographical memory content, (ii) communal and agentic 
expressions, (iii) episodic details (i.e., emotional, cognitive, and perceptual 
expressions) and, iv) number of retrieved events. 

Method 

Participants 
From the original sample of 59 females and 21 males (see Study I) 38 females 
were excluded in order to create an even-gender-distributed sample of 21 fe-
males and 21 males. The choice of reducing the sample was based on the fol-
lowing evaluation. Three alternatives were considered: i) resampling, ii) alter-
native statistical analyses, and iii) random selection. Resampling was not pos-
sible due to analyses of text material (i.e., memory descriptions), an alternative 
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statistical approach for example non-parametric statistics would pose similar 
issues with LSA (due to the parametric nature of LSA). Thus, we opted for a 
random subsample of females that equaled the number of males. Given that 
the results were almost identical, that is only one significant effect in the full 
sample of females turned non-significant within the subsample (i.e., latently 
expressed affiliation in favor of women), we argue that this approach were 
successful. 
 
Accordingly, equivalent to the number of males per cue condition, 21 females 
were randomized to be included in the outcome sample. In the resulting sam-
ple, the participants’ mean age was 26.91 years (SD = 6.26). The females’ 
mean age was 27.01 years (SD = 6.88) and the males were 26.81 years (SD = 
5.75); age range 19–42 years, 76% (equal for females and males) were be-
tween 20–30 years of age. 

Material and procedure 
See the section “General methodology”. 

Data analysis 
Two computerized analytical methods were used: a frequency-based analysis 
method, the linguistic inquiry word count (LIWC, e.g., Tausczik & Penne-
baker, 2010), and latent semantic analysis (LSA, e.g., Landauer, 2007). LIWC 
was used to measure the manifestly expressed memory content and LSA the 
latently expressed memory content. 

Linguistic inquiry word count 
Seven wordlists from LIWC2001 (Pennebaker, Francis, & Booth, 2001) and 
two from LIWC2015 (Pennebaker, Boyd, Jordan, & Blackburn, 2015) were 
chosen to capture the constructs agency and communality (see Table 5). The 
wordlists power and achievement were operationalized to represent the con-
struct agency, while the wordlists affiliation, social processes (including the 
wordlists family, friends, humans, reference to others, and communication) 
were operationalized to represent the construct communality. Three additional 
wordlists from LIWC2001 were used to investigate episodic details (i.e., emo-
tional, cognitive, and perceptual processes). An olfactory wordlist was created 
by the first author of the study and added to the perceptual process wordlist. 
The proportional frequencies of words from each wordlist relative to the total 
number of words used by each participant were calculated. The resulting fre-
quency scores were used to perform two MANCOVAS: one for agency and 
for communality (with the nine wordlists as dependent variables, gender as 
the independent variable, and sensory cue modality as the covariate), and one 
for emotional, cognitive, and perceptual processes (with the three wordlists as 
dependent variables, gender as the independent variable, and sensory cue mo-
dality as the covariate). 
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Table 5. LIWC, wordlists used. 

 
1 LIWC2001 
2 LIWC2015 

Latent semantic analysis 
As previously reported, by the use of the LSA algorithm, a semantic represen-
tation was generated for each participant (i.e., the sum of the words’ vector 
values in each participant’s memory descriptions, with the resulting vector 
value normalized to the length of one). Similarly, a semantic representation 
was generated for each construct as measured using the LIWC wordlists. That 
is, the semantic representations of all words included in each wordlist were 
summed, with the resulting vector value normalized to the length of one, to 
constitute the semantic representation of each wordlist. Following this, the fe-
male and male participants’ semantic representations were used to analyze se-
mantic similarity between the two genders and the respective LIWC wordlists’ 
semantic representations. The semantic similarity scores were generated by 
calculating the cosine of the angle between two semantic representations. For 
an illustration of semantic similarity see Figure 9. The resulting value repre-
sents the semantic similarity score and ranges from +1 (identical) to –1 (max-
imal dissimilarity), with zero representing independence. The statistical anal-
yses were performed as follows. First, to investigate the overall relationship 
between the genders and the autobiographical memory content, a multiple lin-
ear logistic regression analysis was performed, with the semantic representa-
tions of all the words used in the autobiographical memories as predictors and 
gender as the outcome variable. For a further description of semantic–numeric 
correlations with the use of semantic representations, see Kjell et al. (2018). 
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Next, the semantic similarity scores were used in two MANCOVAS: one in-
vestigating gender differences in the communal and agentic constructs, with 
the nine wordlists as dependent variables, gender as the independent variable, 
and sensory cue modality as the covariate; and another in episodic details (i.e., 
emotional, cognitive, and perceptual details), with the three wordlists as de-
pendent variables, gender as the independent variable, and sensory cue mo-
dality as the covariate. 

 
Figure 9. An illustration of the semantic similarity between females’ and males’ se-
mantic representations (i.e., vectors normalized to the length of one) and the semantic 
representations of the family and power wordlists (i.e., vectors normalized to the 
length of one). The cosines of the angles between females’ (males’) semantic repre-
sentation and the semantic representations of family and power, respectively, are 
shown by the blue (green) lines. 

Results 
The results showed that the semantic content of the autobiographical memo-
ries could predict gender (r(42) = .57, p < .0001, one-tailed).  

Agency and communality 
Females’ semantic representations (i.e., latent content) were more similar to 
the communality construct than were males’ semantic representations, as 
shown by the MANCOVA analyses with sensory cue as a covariate. The fe-
males’ semantic representation was closer to the semantic representations of 
the three categories family, friends, and humans; no other significant differ-
ences were observed (LSA: F1,39 = 3.29, p = .006,  = .50). The sensory cue 2

ph
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covariate was not significant (p > .05). No gender difference was found in any 
of agentic or communal constructs in the manifest content (LIWC: F1,39 = .89, 
p = .55,  = .21). See Table 6 for the MANCOVA statistics, Table 7 for the 
LIWC descriptive statistics, and Table 8 for the LSA descriptive statistics. 

Table 6. LIWC and LSA, MANCOVA statistics for gender differences in agentic 
and communal expressions in AM descriptions (n = 42). 

 
 

Table 7. LIWC, proportional frequency scores for words pertaining to agentic and 
communal expressions (n = 42). 

 

 

2
ph

Categories F (1, 39)    p hp
2 F (1, 39)    p hp

2

Agency    
Achievement .330 .571 .001 3.16 .083 .075
Power .180 .673 .008 2.65 .112 .064

Communality  
Affiliation 2.78 .103 .067 1.15 .291 .029
Social processes 3.23 .080 .076 1.31 .259 .033

Family .333 .567 .008 5.88 .020 .131
Friends .210 .649 .005 4.16 .048 .096
Humans .012 .913 .000 5.71 .022 .128
Communication 2.64 .112 .063 .033 .856 .001
References to others 6.63 .014 .145 .790 .380 .020

     LIWC LSA

Categories M SD 95 % CI M SD 95 % CI

Agency   
Achievement .305 .123 [.200, .400] .333 .180 [.300, .400]
Power 3.19 1.04 [2.80, 3.60] 3.31 .737 [2.90, 3.70]

Communion
Affiliation 2.79 .923 [2.40, 3.20] 2.33 .845 [1.90, 2.70]
Social processes 4.90 .985 [4.40, 5.40] 4.33 1.05 [3.90, 4.80]

Family 1.12 .425 [.900, 1.30] 1.21 .540 [1.00, 1.40]
Friends .208 .176 [.100, .300] .234 .200 [.200, .300]
Humans 1.11 .476 [.900, 1.40] 1.11 .584 [.900, 1.40]
Communication .782 .279 [.700, .900] .643 .266 [.500, .800]
Reference to others 5.22 1.16 [4.70, 5.70] 4.32 1.10 [3.80, 4.80]

Note, CI = confidence interval

                  Females                    Males
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Table 8. LSA, semantic similarity scores pertaining to the agentic and communality 
constructs (n = 42). 

 

Episodic details and number of retrieved memories 
No gender differences were found in the manifest or latent contents of emo-
tional, cognitive, and perceptual processes (LIWC: F1,39 = .28, p = .84,  = 
.02; LSA: F1,39 = .85, p = .48,  = .07). See Table 9 for the MANCOVA 
statistics, Table 10 for the LIWC descriptive statistics, and Table 11 for the 
LSA descriptive statistics. 

Table 9. LIWC and LSA, MANCOVA statistics for gender differences in emotional, 
cognitive, and perceptual expressions in AM descriptions (n = 42). 

 

Table 10. LIWC, proportional frequency scores for words pertaining to emotional, 
cognitive, and perceptual expressions (n = 42). 

 

Categories M SD 95 % CI M SD 95 % CI

Agency     
Achievement .089 .006 [.085,. 092] .092 .007 [.089, .095]
Power .079 .004 [.077, .081] .081 .004 [.079, .083]

Communion     
Affiliation .077 .006 [.074, .081] .075 .008 [.072, .078]
Social processes .187 .008 [.183, .191] .184 .010 [.180, .188]

Family .125 .007 [.121, .128] .124 .009 [.120, .128]
Friends .068 .006 [.065, .071] .063 .007 [.060, .006]
Humans .031 .006 [.029, .034] .028 .006 [.025, .030]
Communication .148 .008 [.145, .151] .142 .008 [.139, .146]
Reference to others .804 .007 [.800, .810] .801 .008 [.801, .798]

                  Females                   Males

Note, CI = confidence interval

2
ph

2
ph

Categories F (1, 39) p hp
2 F (1, 39) p hp

2

Emotional processes .010 .923 .012 .835 .366 .021

Cognitive processes .090 .766 .000 .917 .344 .023
Perceptual processes .761 .388 .002 .920 .343 .023

                       LIWC                        LSA

Mean SD 95 % CI Mean SD 95 % CI

1.78 .373 [1.60, 2.00] 1.77 .435 [1.60, 1.90]
11.6 1.94 [10.7, 12.4] 11.4 1.90 [10.5, 12.2]
1.74 .365 [1.60. 1.90] 1.65 .323 [1.50, 1.80]

                  Males

Cognitive processes

Note, CI = confidence interval
Perceptual processes

Categories

Emotional processes

                  Females
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Table 11. LSA, semantic similarity scores pertaining to emotional, cognitive, and 
perceptual expressions (n = 42). 

  
 
Finally, an ANCOVA was performed, which showed that there were no dif-
ferences in number of retrieved memories depending om gender (F39 = .07, p 
> .79, 2% CI: 9.55–11.36, Mfemales = 10.57, SD = 2.96; Mmales = 10.33, SD = 
3.01).  

Main conclusions 
Females latently described their autobiographical memories in more commu-
nal terms than did males, which possible could be interpreted as females’ gist 
of experience is more concerned with social relationships than that of males. 

Categories Mean SD 95 % CI Mean SD 95 % CI

.057 .004 [.055, .590] .058 .005 [.056, .060]

.229 .008 [.224, .233] .232 .011 [.227, .236]

.193 .008 [.189, .197] .190 .010 [.187, .194]

                   Males

Emotional processes
Cognitive processes
Perceptual processes
Note, CI = confidence interval

                   Females
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General discussion 

The aim of the present thesis was to investigate differences in several aspects 
of autobiographical memory depending on sensory retrieval cue and gender. 
The main results showed that both retrieval cue and gender matter: i) differ-
ences were found in the semantic content and age distribution depending on 
the sensory cue modality, however, no differences were found in number of 
retrieved memories or in the subjective ratings depending on sensory retrieval 
cue and, ii) females latently described their memories in more communal 
terms than did males, but, no differences were found between the genders in 
any measure of the manifestly expressed memory content or in number of re-
trieved memories. 

Sensory modality of the retrieval cue matters 
In Study I and II, it was explored whether the visual, auditory, and olfactory 
information equally influenced the multimodal condition or whether a hierar-
chy of influence could be observed. It was hypothesized that the visual mo-
dality would have a larger impact on the multimodal condition than the other 
two unimodalities; furthermore, that the unimodally retrieved memories 
would differ from each other. In the following sections, first the multimodal 
condition in relation to the unimodal conditions will be discussed (i.e., the 
degree of contribution of the unimodal conditions to the multimodal condi-
tion), followed by differences and resemblances found between the unimodal 
conditions. 

Multimodally cued memory retrieval 
The results showed that all three unimodal conditions contributed to the mul-
timodal condition, as shown in the semantic content and the age distribution, 
however the visual and the auditory conditions contributed more than the ol-
factory condition.  

The visual dominance hypothesis 
A visual dominance effect was hypothesized, based on considerable research 
showing a visual dominance effect in perceptual attention (e.g., Colavita, 
1974), perceptual recognition (Schmid et al., 2011), imagery (e.g., Greenberg 
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& Rubin, 2003; Rubin, 2005), autobiographical memory retrieval latency 
(Williams et al., 1999), memory content (e.g., Brewer, 1988) and number of 
retrieved memories (Goddard et al., 2005) Willander & Larsson, 2007). The 
visual dominance effect hypothesis was partly supported by the present re-
search. The semantic contents (Study I) of the multimodal condition, as indi-
cated by semantic similarity and effect sizes, resembled that of the visual and 
auditory conditions more than that of the olfactory condition. Furthermore, as 
shown in Study II, the multimodally evoked memories’ age distribution was 
more similar to the to the visual and auditory age distributions than to the 
olfactory. Subsequently, these results could indicate that olfactory information 
contributes to the multimodal condition, though less than does visual or audi-
tory information. The smaller olfactory contribution could, as shown in previ-
ous research (Morrot et al., 2001), be because olfactory information is out-
weighed by visual information. Although, in Study I and II it was shown, that 
olfaction contributed less than visual it should be noted that olfaction did in-
fluence multimodal retrieval to a non-trivial extent. Possibly, olfactory infor-
mation could also indirectly influence multimodal memory retrieval by mod-
ulating attention in congruent task settings. An explanation which are in line 
with perceptual research which has found that odor detection could be en-
hanced when presented simultaneously as a visual stimulus in a congruent bi-
modal setting (Gottfried & Dolan, 2003). Furthermore, as shown by Seo et al. 
(2010) in an eye-tracking study, olfactory stimuli are more focused on when 
presented in congruent olfactory and visual targets than in corresponding in-
congruent targets. In the current thesis congruent stimulus were used as re-
trieval cues.  
 
However, no difference was found between the visual and auditory conditions 
in relation to the multimodal in either semantic content or age distribution. 
This could indicate that both the visual and auditory modalities are equally 
attended to at encoding, the same amount of visual and auditory information 
stored, and/or the visual and auditory information is equally attended to during 
the retrieval search process. Furthermore, the idea of equal access to visual 
and auditory sensory information at memory retrieval, and less access to ol-
factory information, would be in line with the suggestion that visual and au-
ditory imagery abilities are more common than olfactory abilities (Arshamian 
& Larsson, 2014). That is, if imagery is used as a memory search strategy 
(Williams et al., 1999), visual and auditory memory information would have 
an equal advantage and olfactory less in the process of autobiographical 
memory retrieval.  
 
The results also indicated an auditory dominance effect, because, as indicated 
by the effect sizes in Study I, the semantic content of the evoked auditory 
memories resembled that of the multimodally evoked memories more than 
that of the visually evoked memories. Therefore, the existence of a general 
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visual dominance effect can be questioned; it could be an artifact of the per-
ceptual task, as it has been found that auditory stimuli are more attended to in 
detection tasks, while visual stimuli are more attended to in discrimination 
tasks (Robinson et al., 2016) and that auditory stimulus substantially could 
influence the perception of visually presented stimulus while presented sim-
ultaneously (Regan & Spekreijse, 1977; Sekuler, Sekuler, & Lau, 1997). In 
our everyday lives, we detect as well as discriminate between sensory infor-
mation. Consequently, I suggest that when attending to information regardless 
of the form of perceptual attention, the same amount of perceptual information 
should be stored and/or attended to during the memory search process. Fur-
thermore, with regard to imagery, Greenberg and Rubin (2003) has discussed 
that the visual modality is the primary sense in relation to autobiographical 
memory, because impairments of the visual cortex have been found to lead to 
sever difficulties in retrieving autobiographical memories due to loss of visual 
imagery capacities. Greenberg and Rubin (2003) have postulated that, visual 
memory information activate information pertaining to other sensory modali-
ties. However, Greenberg and Rubin (2003) suggested that auditory infor-
mation activate sensory information pertaining to other modalities to a lesser 
degree and consequently having limited effect on coactivation. However, 
Greenberg and Rubin (2003) draw their conclusion from results depended on 
performance by patients suffering from brain injuries. This was not the case 
in the present thesis, with individuals with intact perceptual abilities. If not 
suffering from visual cortex injuries the individual could activate visual im-
ages as cues and trigger auditory information to the same extent as visual in-
formation if both modalities are as attended to at encoding. Thus, the visual 
modality could indeed be the prime sense imagery faculty used as retrieval 
cues, but in a cascade effect drive the contribution of auditory information, 
and no difference in the memory output to be found if as much information in 
relation to both modalities has been encoded.  
 
In sum, possibly, the visual and auditory perceptual systems equally influence 
the encoding and/or retrieval search processes, but the auditory impact could 
exceed the visual impact in a multimodal condition in some settings. For the 
future there would be interesting to further investigate the relative influence 
of the unimodally evoked information in relation to the multimodal condition, 
while for example manipulating attention at encoding with regard to percep-
tual detection and discrimination, and with participants reporting differential 
modality dependent imagery abilities. 

The triangle hypothesis 
The triangle hypothesis was proposed (Study I) based on Gärdenfors’ (e.g., 
1996, 2014) theory, stating that sensory information is mentally represented 
as conceptual spaces constructed of qualitative dimensions. The hypothesis 
suggests that the semantic representations of unimodally cued memories 
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should represent the qualitative dimensions of the multimodally cued memo-
ries conceptual space, and the unimodal semantic representations cluster cen-
troids span the multimodal semantic representation cluster centroid; or a su-
pra-additive effect to be noticeable if the cluster centroid of the multimodally 
cued memories were found to be positioned outside the triangle. The hypoth-
esis was supported by the fact that the semantic representations of multimo-
dally cued memories were mainly located within the triangle spanned by the 
cluster centroids of unimodal semantic representations. It could therefore be 
postulated that the unimodalities contributed equally to the multimodal con-
dition, which accordingly could be perceived as a combination of the visual, 
auditory, and olfactory modalities; and not support the notion of a supra-addi-
tive effect. That is, at encoding and/or retrieval in multimodal settings, we 
attend to visual, auditory and olfactory sensory inputs equally. Further support 
for the equal contribution of the unimodalities to the multimodal condition 
could be the result in Study II, demonstrating that the multimodal reminis-
cence bump and forgetting curve were placed in an intermediate position be-
tween those of the olfactory and the two other unimodalities. Nevertheless, it 
could be questioned if the simultaneously presented unimodal stimuluses re-
ally evoked a multimodally integrated percept. Even if presented to several 
sensations at once, of course, one sensory stimulus could be more attended to 
than others in a multimodal setting, as discussed concerning a modality hier-
archy, and accordingly, the similarity of the multimodal and the unimodal con-
ditions be a consequence of unimodal attention, and the finding could subse-
quently be explained by unimodal attention and not multimodal integration. 
However, in the multimodal condition, the participants were asked to focus on 
all unimodalities at the same time. Potentially, an equal allocation of atten-
tional resources increases the likelihood of a multimodal integration.  
 
Noteworthy, in some of our analyses it was found that the multimodal condi-
tion was located outside of the unimodally spanned triangle, which potentially 
indicate supra-additive effects. Thus, a supra-additive effect could not be com-
pletely be ruled out and have to be further investigated. A possible way for-
ward could be to compare memories described by expert groups which argu-
able often integrates several perceptions to one in their line of profession in 
contrast to amateurs. Possible expert groups could be ornithologists, who, as 
described by professionals in the field, often integrate the sound and sight (i.e., 
appearance and habitual movements) of a bird to one percept of a particular 
bird (, H. Bister & S. Åberg, personal communication, January 20, 2019) and 
wine experts which often integrate olfaction, taste and trigeminal functions to 
a unitary perceptual experience (Royet et al., 2013). It could be suggested, if 
percepts are more integrated in expertise’s in contrast to amateurs a supra-
additive effect hypothesis with regard to their respective memory content 
would be more noticeable than in the present study. This, as experts possible 
elicit additional modality specific information related to the retrieval cue/s, as 
for example concerning ornithologists, tactile information as the structure of 
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feathers of particular birds. Furthermore, with the use of brain imaging tech-
niques multimodal integration could be established at time of encoding/ re-
trieval, and by a comparison of the unimodal and the multimodal conditions a 
possibly correlation between brain activities and the memory content could be 
distinguished.  

Unimodally cued memory retrieval 
Research has found differences between unimodally cued autobiographical 
memories in several respects, as for instance age distribution and subjective 
ratings (e.g., Willander & Larsson, 2006, 2007). Accordingly, in the present 
research it was postulated that the unimodally cued memories would differ 
from one another in their semantic content and age distributions. Concerning 
the latter, the olfactory-evoked memories would in line with previous research 
(e.g., Chu & Downes, 2000; Willander & Larsson, 2006, 2007) be from an 
earlier age than the other modalities evoked memories. These hypotheses were 
confirmed. 

The differential hypothesis 
The unimodally cued memories semantic contents differed from each other, 
when the cue modalities were presented separately, however the visual mem-
ories content seemed to differ more from the other unimodalities, which to 
some extent resembled each other. Furthermore, the olfactory-evoked memo-
ries differed from the other two modalities with regards to the age distribution, 
by being older and having a flatter forgetting curve. 

Differences in the semantic memory content 
Of interest, as opposed to the similar influences of visual and auditory infor-
mation in the multimodal condition, it was indicated in Study I, that the visu-
ally evoked memories’ semantic content differed more from the other two uni-
modalities’ semantic contents than the other two unimodalities’ semantic con-
tents differed from each other. In the following paragraphs two hypotheses for 
these results will be suggested, one based on search processes in relation to 
the autobiographical knowledge base (e.g., Conway, 2001) and another en-
coded and retrieved information in relation to the fuzzy trace theory (e.g. 
Brainerd & Reyna, 2004). 
 
Goddard et al., (2005) have suggested that pictorial cues lead to a more direct 
search process and retrieval of more specific memories in contrast to olfactory, 
which evoke a more generative search process and more general memories are 
retrieved from the autobiographical knowledge base. Importantly, it should be 
noted that data supporting this view is to the best of my knowledge lacking. 
However, if the memories are more general in nature less information from all 
levels in the autobiographical knowledge base would be retrieved (Williams 
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et al., 2007). In contrast to specific memories which generally includes infor-
mation from all levels of the knowledge base, which at the highest levels are 
related to the conceptual self, (Conway, 2005; see Figure 1). Thus, if visually 
cued memories evoke more specific events they should contain to some extent 
different information, in particular more self-defining information, in contrast 
to olfactory evoked memories. This notion is supported by the finding that 
visually evoked memories are rated to contain more information related to the 
self than do auditory and olfactory memories, which do not differ from each 
other in this respect (Knez et al., 2017). Therefore, memory content could to 
some extent differ between unimodal retrieval cues depending on which level 
of specification in the autobiographical knowledge base information is re-
trieved, and possibly visually evoked memories be more self-conceptual in 
nature than memories evoked by olfactory and auditory cues; and conse-
quently, differ in their contents. To be mentioned, no difference was found in 
number of retrieved memories depending on retrieval cue. However, in ac-
cordance with previous research (Goddard et al., 2005; Willander & Larsson, 
2007), in the full sample, that is, before the reduction of the material to per-
form the analyses in Study II, olfactory cued memories were retrieved to a 
lesser extent than the other modalities, which could be an indication of that 
more general than specific memories were retrieved. 
 
But, with this said, when a full-blown autobiographical memory is retrieved, 
that is, a specific memory, the information is drawn from all levels of the 
knowledge base in a spreading effect (Conway & Pleydell-Pearce, 2000). 
Consequently, differences in specific memories content depending on sensory 
retrieval cue regarding level of abstraction and specificity should be small. 
Even so, these differences could potentially be noticeable, as indicated in the 
present research, in the measure of semantic similarity, which suggestively 
could capture subtle differences in the memory reports. This because, the con-
tinuous semantic similarity measure takes into account numerous semantic 
properties of the words, allowing a fine measure of small differences in the 
memory content. It may be of interest, to design a study in which the sensitiv-
ity hypothesis is investigated by also using other content analyses than LSA. 
 
In contrast to the visually evoked memories, the memory contents evoked by 
olfactory and auditory cues differed only marginally from each other when 
presented singly (i.e., unimodally). One possible resemblance between these 
modalities in the memory content could be driven by perceptual attention at 
encoding, as such the experience of not knowing where the sensory input orig-
inates and what it is, which is arguably more often the case with auditory and 
olfactory sensory inputs than visual inputs. The “not knowing what and 
where” hypothesis combined with fuzzy trace theory (Brainerd & Reyna, 
1990, 2004; Reyna, 2012) (as discussed in Study III) can potentially explain 
differences and similarities in memories in the semantic memory content. As 
explicated in Study III, the fuzzy trace theory postulates two forms of memory 
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representations: a gist form and a verbatim form, with the former representing 
the semantic and relational experience of events (i.e., meaning-based memory 
information) and intuitive experience of events (Reyna, 2012) and the latter 
the apparent (i.e., verbatim) experience of events, that is, the precise details of 
event information (Brainerd & Reyna, 1990, 2004; Reyna, 2012). If a sensory 
stimulus is perceived but not identified, the gist experience of events might be 
encoded to a greater extent than when one actually knows the apparent prop-
erties of the object to which the sensory input corresponds. In other words, 
when one can identify the stimulus, as is usual with visual input, the verbatim 
experience of events would be encoded, whereas when one cannot, as is often 
the case with olfactory and auditory inputs, the gist experience would be en-
coded. Furthermore, albeit somewhat speculatively, in line with the example 
above, when “not knowing what and where,” and as suggested by Posner, Nis-
sen, and Klein (1976), we have a higher alerting ability for auditory signals, 
and potentially also for olfactory signals, leading to a state of heightened 
arousal. This notion would be in line with the suggestion that both modalities 
constitute parts of the warning system (Arshamian et al., 2017; Lundstrom et 
al., 2006). I therefore propose that olfactory and auditory types of memory 
information could be somewhat more semantically related to each other than 
they are to visual memory information in unimodal settings. 
 
Taken together, this suggests that the search process could be meaning based 
and that the pattern of activation in the self-memory system could be driven 
by retrieval processes relative to the cue used to evoke a memory. In addition, 
the differences found between the modalities could be driven by encoding pro-
cesses, for example differences in the interpretation of an experienced event 
depending on sensory retrieval cue. It could be suggested, encoded meaning-
based associations between a sensory modality and particular types of events 
could for example be related to states of arousal. In any case, an association 
between encoded information and sensory modality could increase retrieval 
of an event cued by a cue of the corresponding modality. In the current thesis, 
no conclusions can be drawn regarding the interaction between encoding and 
retrieval, since only retrieval was studied. This being said, the content between 
the unimodally evoked memories differed and possible dissimilarities and 
similarities depending on the modality of the retrieval cues merit further in-
vestigation, for example, by manipulating the self-relevance of information 
and arousal at encoding, and retrieval. 

Differences in age distribution 
The results replicated previous research (e.g., Willander & Larsson, 2006) by 
identifying an early childhood peak in odor-evoked memories and an early 
adulthood peak in visually (and auditory) evoked memories. Olfactory-evoked 
memories also displayed a less steep forgetting curve than did memories 
evoked by visual or auditory cues. This less steep forgetting curve could sup-
port the retroactive interference hypothesis (Larsson & Willander, 2009). If 
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visual and auditory information is more perceived in everyday life than is ol-
factory information, exposure to new information related to these modalities 
would continually lead to the construction of new memories and, in a sense, 
the forgetting of old memories, which would not be the case for olfactory-
evoked memories to the same extent if less perceived in everyday life (i.e., a 
perceptual modality hierarchy). In contrast, the results indicated that olfactory 
memories were less dramatically forgotten, as shown by the flatter forgetting 
curve. The results concerning both aspects of the age distribution could give 
support for the “sense of first impression” hypothesis (Yeshurun et al., 2009). 
This would be the case if, as shown, odor associations prove to be more po-
tently remembered than are associations with other sensory modalities (Ye-
shurun et al., 2009); moreover, if first odors sense impressions are mostly ex-
perienced in childhood, more childhood memories evoked by odors would be 
retrieved than would memories evoked by other retrieval cue modalities. Ac-
cordingly, as shown in previous research (Goddard et al., 2005), suggestively, 
we may recall more visual (and auditory memories) than olfactory memories 
from recent times and more olfactory from past times. An additional specula-
tive explanation for the earlier location of the olfactory bump than the visual 
bump could be in line with the identity formation account (e.g., Conway & 
Pleydell-Pearce, 2000; Rubin, Rahhal, & Poon, 1998) and with research men-
tioned earlier, addressing the importance of autobiographical memories for the 
foundation of the self, showing that olfactory-cued memories are rated as con-
taining fewer components related to the self-concept than do visually evoked 
memories (Knez et al., 2017). Knez et al. (2017) theorized that visually and 
olfactory-evoked memories should differ because visually evoked memories 
would contain more self-grounding information, and consequently are more 
thought of, spoken of, and retrieved, which should indicate that constituents 
of a context-specific self are mostly linked with the visual shape of autobio-
graphical memory. Similarly, if olfactory-cued memories are less related to 
identity formation, which largely develops after the first decade of life, that is 
during adolescent, they should be retrieved from an earlier age than are visu-
ally cued memories. 
 
Interestingly, after subtracting the forgetting component we observed two 
bumps in the visual and auditory conditions; one at around the age of eight 
and another at around the age of twenty. The position of the typical bump has 
been explained as attributable to, for example, novelty, identity formation, and 
life scripts (for an overview, see Koppel & Berntsen, 2015). As in adoles-
cence, a shift occurs in middle childhood in cognitive capacities, socioemo-
tional development and individual actions (Erikson, 1950; Piaget, 1964). Po-
tentially, these accounts could to some extent be attributed to this result as 
well. Furthermore, of special interest is the fact that autobiographical memory 
capacities are considered fully developed at around the age of seven years 
(e.g., Bauer, 2015); a notion which I consider should be noticeable in the 
memory output as it would considerably increase the number of memories 
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encoded, stored, and later retrieved from that age, as shown in a peak in com-
parison with the early childhood years. Taken together, this suggests that the 
shift from early to middle childhood, although possible not to the same extent 
as in adolescence, is a time when important and novel events take place in an 
individual’s life, for example, the start of primary school, more independence, 
parental absence from leisure activities, and friendship stability (Hofferth & 
Sandberg, 2001). In sum, it could be suggested, in a sample of young adults 
the middle childhood bump could be due to the impact of the addressed above 
and less forgetting as a function of time. This being said, because a middle-
childhood bump has never been observed before, this result must be inter-
preted with caution and merits further investigation. 

The Proustian hypothesis 
No difference was found between the modalities in the five phenomenological 
dimensions investigated: pleasantness, feeling of being brought back in time, 
vividness, emotional intensity and importance. The hypothesis concerning ol-
factory-cued memories and subjective experience was therefore not con-
firmed. Olfactory-evoked memories were not as found in previous research 
(e.g., Willander & Larsson, 2007) rated as more pleasant or followed by a 
stronger feeling of being brought back in time to the original occurrence than 
were the other cue modalities. The lack of differences regarding experiential 
ratings might be related to power, because the present research had twenty 
participants in each condition, while some previous research that identified 
such differences had around twice the number of participants, or more, per 
condition (e.g., Willander & Larsson, 2006, 2007). An alternative explanation 
could be that, possible, the phenomenal qualities of a memory could be less 
captured by a Likert scales. That because, numbers or even descriptive words, 
as “very much or not at all”, is to abstract to measure experience, or alterna-
tively, to narrow, while using measures as closed-ended numerical rating 
scales instead of open-ended answers. Suggestively, the subjective experience 
of autobiographical memories could to some extent be better measured by 
content analyses, or as discussed by Kjell et al. (2018) that semantic measures 
could complement and extend traditional rating scales. Of interest, in a yet 
unpublished study by Karlsson, Sikström, and Willander (2018) performed on 
the same sample as in the present thesis a relationship between the overall 
semantic content and the participants’ ratings of the above phenomenological 
dimensions and estimated age at event was found. Subjective experiences of 
events are therefore reflected in the content of memory descriptions. The re-
lationship between the semantic content and subjective experience was partic-
ularly strong in terms of valence and age at event, which are two variables 
included in the Proust hypothesis. A way forward would accordingly be to 
explicitly test the Proust hypothesis by the use of content analyses. In Study I 
(and III), LSA were used as a content analyses technique. LSA targets seman-
tic similarity in descriptions. However, LSA by itself could not capture appar-
ent differences. Therefore, I suggest that as in Study III, in which the LIWC 
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word lists were used to generate semantic representations of diverse psycho-
logical processes to investigate gender differences, the word lists could be 
used to investigate retrieval cue conditions. By using the diverse LIWC cate-
gories, LSA could target not only semantic relationships in general but also 
more specific meaning-based differences in the memories descriptions. Fur-
thermore, LIWC could be used to investigate verbatim differences in the 
memory content, for example, more particular details of memory reports, in-
dicating from where in the knowledge base the information is mainly drawn. 
With regard to both the verbatim and semantic content it would be of interest 
to investigate for example differences in affectively toned expressions and 
vividness, in terms of specific details expressed in the memory content and 
accordingly as addressed above to test the Proustian hypothesis; further, to 
investigate the visual dominance effect hypothesis in relation to autobiograph-
ical memory (e.g., Brewer, 1988; Conway, 2005), it could explored whether 
more visual images than other sensory details are described verbatim in auto-
biographical memory descriptions. 

General considerations 
In the following I will address general consideration concerning context and 
potential applications.  

Context 
In the present research 15 contextually congruent stimuli per context were 
used to evoke autobiographical memories. The sensory cues used were meant 
to target specific contexts common in most people lives with intact perceptual 
abilities (as in the present research). However, if this actually was the case 
could be questioned. To just give one example, with regard to my sample of 
capital area resident participants, according to Statistics of Sweden (2019) 
fewer capital area adult residents in contrast to country side residents (in some 
cases 30% versus 84%) have a driving license and consequently possibly not 
experienced the environment of a gas stations as much as country side resi-
dents. For the future, it would be of interest to investigate if the present studies 
results could be replicated in additional contexts. However, with this said, no 
difference was found in the descriptive statistics in the autobiographical 
memory depending on context. Furthermore, autobiographical memories are 
as argued earlier as often retrieved by way of association. A notion that may 
be in line with a further visual inspection of the descriptive statistics, with 
regard to cue and context, which showed that the multimodally and visually 
cued memories were higher in percent of retrieved memories describing the 
particular context the cues were intended for, followed by auditory and olfac-
tory. The latter had both a large proportion of described memories derived 
from the cue, but not from the particular context intended. For example, in one 
memory report, the smell of flowers did not evoke a memory from a flower 
garden but an experience of taking a bath with scented bath salts. 
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Applications 
The matter of differences and similarities in autobiographical memories de-
pending on retrieval cues merits investigation in controlled settings as exper-
imental findings could be crucial in several areas of applied psychology. For 
example, in forensic practice, where knowledge about the modality of the re-
trieval cue could be of use with regard to witness statements. Possibly, multi-
modal cueing could give rise to more detailed memory descriptions, this as 
more cues are presented at the time of retrieval which could map on to more 
encoded memory information. Although, this has to be addressed in future 
research. In addition, if different perceptual modality cues prompt more or less 
direct retrieval (e.g., Larsson et al., 2014) and the executive function of the 
working self is bypassed (Conway, 2005), possibly prejudiced cognitive sche-
mas might be less evoked and more perceptually grounded memories elicited. 
The use of diverse perceptual retrieval cues could accordingly reveal different 
types of memory content and knowledge; knowledge which could be useful 
in forensic practice, for example, when the contents of memory descriptions 
are crucial in investigating specific courses of events. 
 
Knowledge about differences depending on retrieval cue could also be of use 
in clinical psychology. For example, it is well-known that depressed individ-
uals retrieve more overgeneral memories (i.e., summary of recurring events) 
while cued with words than non-depressed do (Williams et al., 2007). How-
ever, while manipulating depressive individuals towards sensory-perceptual 
thinking specific memory retrieval have been found to be increased (Watkins 
& Teasdale, 2001). Accordingly, if extrapolating from sensory-perceptual 
thinking, possibly, sensory cues could be used to help depressive individuals 
to retrieve more specific memories. In line with this notion, it has been found 
that, Alzheimer’s patients, which have difficulties to assess autobiographical 
memories, are able to retrieve more memories, describe their memories 
lengthier and the memories to be more episodic in nature, when cued with 
familiar concrete objects (e.g., lotion, cigarettes, marbles). Kirk and Berntsen, 
(2018) have suggested that these kinds of cues are more multimodal, in com-
parison to the objects label. To be able to retrieve autobiographical memories 
from all levels of abstraction could have an effect on increased well-being. A 
suggestion in accordance with research showing that retrieval of single spe-
cific events correlate with three functions of autobiographical memory, self-
perception, social and directive and three factors of wellbeing, purpose in life, 
communion and positive relationships, while recurring events just correlate 
with positive social relationships (Waters, 2014). Additionally, the notion of 
differential effects depending on perceptual retrieval cue could be of im-
portance to be aware of in treatment of post-traumatic stress disorder, as envi-
ronmental cues could evoke involuntary retrieval of an unpleasant traumatic 
event (e.g., Berntsen, 2010, 2012). Consequently, give direct access to specific 
event details at the basic level of the autobiographical knowledge base (Con-
way, 1992) where the “episodic elements are the most event-specific, most 
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experience near representations” (Conway, 2009, p. 2308), and suggestively 
evoke a re-experience of a trauma.  
 
Thus, improved knowledge of autobiographical memory in relation to search 
processes and content evoked by different retrieval cues could suggestively 
help interrogating officers’ access potentially less prejudiced memory infor-
mation and direct the therapist to useful areas of intervention.  

Conclusion 
Autobiographical memory retrieval is influenced by many factors that pre-
sumably interact during the encoding and retrieval of autobiographical mem-
ories. The results in Study I and II demonstrated that the semantic content and 
the age distribution of autobiographical memories differed depending on the 
sensory retrieval cue and that different unimodal cues influence multimodally 
cued memories to different degrees. These results highlight the importance of 
further investigating the interaction between perceptual attention and the pro-
cessing of autobiographical memory, this, to potentially use the findings in 
applied psychology. 
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Gender of the rememberer matters 
The main focus of Study III was to investigate gender differences in the man-
ifest and latent content of autobiographical memories. In the present research 
an overall difference was found in the memory content, a difference probably 
attributable to differences in the latently expressed content. Females latently 
described their memories in more communal terms than did males. Interest-
ingly, contradicting quite a large amount of research (e.g., Davis, 1999; 
Niedźwieńska, 2003; Fivush et al., 2012), no difference was found in the man-
ifest content or in number of retrieved memories. Females and males described 
their memories manifestly (and latently) equally in agentic, emotional, and 
perceptual terms. 

Communality and agency 
Females’ more communal experience of events could be due to a stronger ori-
entation toward social relationships and caring than that of males. This sug-
gestively because Swedish females are more engaged in household chores, 
and take more care of the family, children, and the elderly than males are 
(Björklund, 2007; Gustafsson & Szebehely, 2001; Nordic Gender Equality in 
Figures, 2015). Furthermore, females are more represented in caring and edu-
cational occupations (Statistics Sweden, 2016).  This despite that gender-
equality societal policies promoting, for example, women’s equal representa-
tion in positions of power and shared care for the household and family (Björ-
klund, 2007; Swedish Institute, 2018) have been endorsed in Sweden since the 
1970s. 
 
Notably, the gender difference in communality was found in the latent content 
and not, as in previous research, in the manifest content (e.g., Bauer et al., 
2003). In the present research, the by Brainerd and Reyna (1990, 2004) pro-
posed two expressions of experiences of events, the apparent experience of an 
event (i.e., verbatim) and the understanding/interpretation of the event (i.e., 
gist), was operationalized as respectively the manifestly and the latently de-
scribed content of the autobiographical memories. The female latent expres-
sion of communality in their memory descriptions could be because females’ 
gist experience of events is more communal than males’ gist experience in the 
Swedish society. This because, gender role divisions may not be as noticeable 
in Sweden as in societies considered less gender equal (World Economic Fo-
rum, 2017) and upholding more traditional cultural values (Inglehart, 2014); 
in turn, gender role divisions might be somewhat less and/or more subtly ex-
perienced in Sweden. Possibly, this experience of events could be perceived 
in the gist format, which the measure of semantic similarity could capture, 
even if the apparent aspects (i.e., verbatim) of experience are lacking. 
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The latent communal content of females’ memory descriptions could also, in 
line with implicit social cognition theory (Greenwald & Banaji, 1995), be an 
expression of implicit traditional female gender role conduct and gender ste-
reotypical attitudes not encouraged by public gender equality policies and so-
cietal gender norms. To mention just one example, an intervention was carried 
out in two Swedish nurseries in the 1990s, in which the manager implemented 
a gender equality program in two nurseries in her area of responsibility 
(Bayne, 2009; Wahlström, 2004). Initially, the staff were convinced that they 
treated boys and girls alike, but by documenting their daily activities on cam-
era revealed that this was not the case. For example, the girls were more en-
couraged to take care of others than were the boys, who were more encouraged 
to explore their environment (Bayne, 2009; Wahlström, 2004). Thus, the re-
sults of Study III, indicating that the female participants latently expressed 
more communality in their autobiographical memories than did the male par-
ticipants, could be interpreted as an indication of females’ implicit confor-
mation to and children’s continued socialization in traditional gender roles. 
 
It is important to note that in Study III, it is not argued that males’ mental 
representations are less communal than are females’ representations due to 
some biological predisposition. The displayed communal gender differences 
in the expressed words could possibly be a consequence of prevailing mascu-
linity norms. This suggestion is supported by research showing that there is 
less acceptance of males diverging from traditional gender role prescriptions 
than there is of females so diverging (e.g., Bayne, 2009; Leaper & Friedman, 
2014; Levant, 2011; Salaby & Frey, 1975; as cited by Bussey & Bandura, 
1999). Adaptation to masculinity norms could thus prevent caregivers from 
encouraging boys to be communal and males from expressing communality. 

Episodic details and number of retrieved memories 
The female and male participants retrieved as many memories and described 
them in equal emotional, cognitive, and perceptual terms. As mentioned 
above, gender-equality policies have been implemented in Sweden since the 
1970s, and the Swedish educational curricula state that boys and girls should 
be treated equally (e.g., Sex Education in the Swedish Curricula, 2016). Ten-
tatively, in accordance with the parental-style hypothesis (e.g., Fivush et al., 
2006) and the details at encoding hypothesis (Seidlizt & Diener, 1998), the 
lack of gender differences in autobiographical memory content may be an ef-
fect of both genders being equally encouraged to talk about their experiences, 
so boys develop to be as expressive as girls. In other words, if boys and girls 
develop the same memory skills as a consequence of social learning and sub-
sequent experiences are equally elaborated on at encoding, episodic memory 
details should be similarly described and the number of memories retrieved 
should be equal. This in accordance with the well-known finding, that the 
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more memory information is elaborated upon, the more information is remem-
bered (e.g., Craik & Tulving, 1975; Seidlitz & Diener, 1998), which would be 
acting as cues to access more specific memories (Seidlitz & Diener, 1998).  

General considerations 
The following paragraphs offer some reflections on future directions in re-
search into gender differences in autobiographical memory with regard to i) 
culture, age, occupation, ii) retrieval method, iii) task demand and gender con-
stellation, and iv) ecological contextual setting.  

Culture, age and occupation 
In Study III, gender equality and cultural values were addressed only in de-
scribing the Swedish society and to put the data in a relevant context. These 
matters warrant further investigation, as research has obtained diverse results 
across cultures, participant ages and occupations. To for example address 
whether males are more agentic than females, consider the following. In the 
present study, no gender difference was found in expressions related to agency 
in a sample of young adult Swedish undergraduate students. In contrast, in a 
Polish sample of middle-aged non-students, males expressed more agency in 
their memory descriptions than did females (Niedźwieńska, 2003). However, 
in two studies of American teenage students (Fivush et al., 2012) and young 
adult Chinese students (Wang 2001), females expressed more agentic-related 
themes in their memory descriptions than did males. As noted, the samples 
varied in several respects, so the notion that males are more agentic than fe-
males cannot be generalized. Accordingly, gender differences in autobio-
graphical memory merits further investigation across cultures, age cohorts, 
and occupations. 

Retrieval method 
A further issue that would be of interest for future research is the retrieval 
method used. In this study, the participants were asked to retrieve any memory 
after being presented with a perceptual retrieval cue. Most studies demonstrat-
ing gender differences in autobiographical memories have asked subjects to 
retrieve a particular event (often an important memory, for an overview, see 
Koppel & Berntsen, 2015), such as a self-defining memory (Rice & Pasupathi, 
2010) or a close relational event (Ross & Holmberg, 1992). A highly promi-
nent theme in people’s life stories is events related to social relationships and 
a significant part of most individual’s self-concept is gender identity. The re-
quest for a particular memory may evoke a top–down search process, whereby 
the information is primarily is drawn from the highest level of the autobio-
graphical knowledge base, where the information is related to life-story 
themes considered to form part of the individual’s conceptual self (Conway, 
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2005; Conway & Pleydell-Pearce, 2000), such as gender identity. Accord-
ingly, the memory retrieved should contain gendered information. Whereas, 
in contrast, when subjects are requested to retrieve any memory after being 
cued with a sensory stimuli, and thus not directed toward the retrieval of a 
particular theme of memory, a bottom–up search processes would be initiated, 
beginning at the lowest level of the autobiographical knowledge base were the 
information is associated with event-specific episodic details (e.g., Conway, 
2005, 2009; Williams et al., 2007), and consequently possibly less gendered 
information retrieved. Thus, to further investigate gender differences in auto-
biographical memory it would be of interest to compare possible diverse 
memory search processes evoked by diverse retrieval requests and cues. 

Task demand and gender constellation 
As delineated by Hayne and MacDonald (2003) “[u]nlike other forms of epi-
sodic memory, autobiographical memory is considered to be a social construc-
tion, originating through experience, but elaborated and maintained through 
social interaction with others” (p. 99). To share autobiographical memories is 
a social endeavor. In the present research the experimenter was a woman, the 
participants of both genders and the memory shared to an experimenter in a 
laboratory. In accordance with the social construction theory, research has 
shown that gender differences in verbally shared autobiographical memories 
are moderated by context and gender constellation (Fivush & Buckner, 2003). 
Fivush and Buckner (2003) have argued that gender is not a stable aspect of 
identity without dependence upon social context (e.g., experimental- or eco-
logical situation, same- or mixed gender constellation) as an individual could 
express certain aspects of identity in one context and other aspects in another. 
Of importance, as Hayne & MacDonald (2003) points out “[a]t present, it is 
impossible to know whether gender differences in the amount of information 
provided by males and females […] reflect actual differences in the nature of 
their underlying mental representation for the event or differences in the way 
in which the memory is expressed” (p. 104). A notion which could be in line 
with the masculinity norm account previously described. That is, the norm 
could prevent to express communality even though their mental representa-
tions of experienced events are as communal as females’ memories are 
 
In an experimental setting the subject is disclosing a personal experience to a 
stranger, which may induce individuals to express particular aspects of her/his 
identity, in contrast to for example a private setting (Fivush & Buckner, 2003). 
As delineated by Conway and Pleydell-Pearce (2000) at the first stage of gen-
erative retrieval a verification criterion is set (i.e., type of memory to be re-
trieved in line with the task demand). A criterion which accordingly will vary 
depending on task demand to fit the goals of the self in a specific setting, for 
instance, to confide in a friend or an experimenter (Conway-Pleydell-Pearce, 
2000). Accordingly, if for example, recalling memories with intimate others 
in contrast to recalling a memory with an experimenter (i.e., a stranger) would 



77 

“entail the generation of [diverse] criteria that fit the goals of the self in each 
context” (p. 273). Thus, while sharing a memory with a good friend the indi-
vidual express other aspects of the self and features of the memory retrieved 
than to an experimenter. Males have for example been found to be more emo-
tionally disclosing in an intimate setting (Fivush & Buckner, 2003), talk more 
in mixed than same gender constellations, and use more assertive speech in 
the same than in mixed gender constellation; and females to use more affilia-
tive speech in same than mixed gender constellation (Leaper & Ayres, 2007). 
In accordance, it should be noted, that the gender constellations in the experi-
mental setting could have moderated the effect of males’ elaborateness, agen-
tic expressions and females’ affiliative expressions. 

Ecological contextual settings 
Furthermore, in the present research the diverse sensory cues used to evoke 
memories were aimed at target the same context and be unbiased with regard 
to for example gender. If females’ and males’ equally attend to these contex-
tual activities no difference should be found depending on context. Nonethe-
less, if this is actually the case could be questioned and merits further investi-
gation. Consider for example, the contextual setting of washing clothes, as 
addressed earlier, females are more engaged in household chores than males 
are (Nordic Gender Equality in Figures, 2015). In Study III, it was not possible 
to investigate this matter as the number of females and males in each cell 
where too few to be able to perform statistical analyses. However, to be men-
tioned, no gender differences was found in the descriptive statistics in number 
of retrieved memories with regard to context or sensory retrieval cue. 
 
In sum, culture, age and occupation, retrieval method, task demand, gender 
constellation, and ecological contextual setting could potentially moderate 
and/or mediate gender differences in autobiographical memories. These mod-
erators/mediators and as for example more or less adherence to gender identity 
schemas and other personality factors have to be further investigated to be able 
to differentiate gender differences from other individual differences and con-
firm stable gender differences in aspects of autobiographical memory. 

Conclusion 
The results indicated that females’ memory descriptions were latently ex-
pressed in more communal terms than were males’ memory descriptions. No 
other gender differences were found. In the sample of Swedish undergraduate 
students, females and males described their memories in equal agentic, emo-
tional, cognitive and perceptual terms, and retrieved equal numbers of autobi-
ographical memories. The results could indicate that females’ gist experience 
of events is more communal than is males’, in comparison with other societies 
where this gender difference has been found in the verbatim expressed expe-
rience of events. 
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Overall conclusions 

Autobiographical memories are transient constructions and a number of fac-
tors have to be taken into consideration when interpreting the output of auto-
biographical memories – factors, such as modality of the retrieval cue used to 
evoke a memory, and gender of the rememberer. Furthermore, the choice of 
content analyses method must be carefully considered as the methods used 
potentially could target diverse modes of experiences of events (e.g., verbatim 
and gist), as expressed in the manifest or latent memory content. In the present 
research it was found that aspects of autobiographical memory differed de-
pending on sensory retrieval cue modality; and furthermore, that female’s and 
male’s memory descriptions differed in the latent content but not in the man-
ifest content. For the future there is of interest to investigate to what extent the 
differences found in the current research is primarily is driven by encoding- 
or retrieval processes and how the processes interact in the moment of memory 
construction; and furthermore, to specifically design a study to compare a fre-
quency-based analytical method such as LIWC, with the semantic relationship 
founded LSA method, and for example investigate gender differences in au-
tobiographical memory depending on culture  The boundaries and joints of 
autobiographical memory merit further investigation, as they could have a 
considerable effect on several applied areas of psychology, such as therapeutic 
and forensic practices, and social policies.  
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