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Abstract 

Society would tell us that women have a superior sense of smell compared to men, but studies 
on innate olfactory ability have failed to verify these results. Perhaps women outperform men 
on some tests of olfactory ability due to the effect of a societal bias on perception, instead. The 
goal of this study was to determine if the presence of a sex-specific societal bias could affect 
an individual’s olfactory perception by influencing an individual to both rate an olfactory 
stimulus in line with the presented bias while also perceiving a noticeable difference according 
to the bias’s expectations. During both biased and unbiased conditions, 32 adults (women, n = 
16) were asked to smell and rate a set of 20 flasks all containing the same concentration of n-
butanol. The biased scores were the same for both sexes with only the presentation of the bias 
changing. Participants were also asked to answer a follow-up survey tasked at determining why 
they rated to two conditions differently. The results showed that participants tended to rate in 
line with the sex-specific bias for measures of intensity. No difference for intensity scores were 
observed between the sexes. All 32 participants marked on the follow-up survey that they rated 
differently between conditions, with the majority of them indicating that they did perceive the 
biased condition as more intense. The results from this experiment provide support for the 
hypothesis that the presence of a societal bias can potentially affect how an individual perceives 
an olfactory stimulus.    
 Keywords: olfactory perception, sex-specific expectations, societal bias 
 

Abstrakt 

Samhället säger oss att kvinnor har ett bättre luktsinne jämfört med män, men studier på 
medfödd luktförmåga har misslyckats att verifiera detta. Det är möjligt att kvinnor presterar 
bättre än män i vissa studier om luktförmåga på grund av fördomar som ändrar deras 
uppfattning om deras luktförmåga. Målet med denna studie var att avgöra om närvaron av en 
könsspecifik bias kunde påverka en individs luktuppfattning genom att påverka en individ att 
skatta en lukt i linje med en bias och samtidigt uppleva en märkvärd skillnad enligt 
förväntningar från biasen. Under två omgångar, en med och en utan bias, ombads 32 vuxna 
(kvinnor, n = 16) att lukta och skatta en samling av 20 flaskor där alla innehöll samma 
koncentration av n-butanol. Biasen var samma för män och kvinnor, där endast presentationen 
ändrades. Deltagarna ombads också fylla i en uppföljningsenkät med syftet att avgöra varför 
de skattade de två omgångarna olika. Resultaten visade på att deltagarna tenderade att skatta i 
linje med den könsspecifika biasen för skattningar av intensitet. Ingen skillnad i värden för 
intensitet observerades mellan könen. Alla 32 deltagare markerade på uppföljningsenkäten att 
de skattade olika mellan de två omgångarna, och att majoriteten indikerade att de upplevde 
lukterna med bias som mer intensiva. Resultaten från detta experiment ger stöd för hypotesen 
att närvaron av en bias potentiellt kan påverka hur en individ upplever en lukt. 

                Nyckelord: luktuppfattning, könsspecifika uppfattningar, samhällsbias 
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The Impact of Sex-Specific Expectations on Olfactory Perception 

As is often characteristic of the perceptual senses, an individual’s sense of smell can 
vary considerably between persons and also be influenced by a variety of factors in their 
environment. Past research on olfactory ability and variation has examined a variety of 
biological, environmental, and psychological factors that could potentially influence one’s 
olfactory ability. Of these different factors, sex has garnered an almost uncanny amount of 
fascination with published articles on the subject dating back over 100 years ago (Toulouse & 
Vaschide, 1899a; Toulouse & Vaschide, 1899b). Considering that studies on the effect of an 
individual’s sex on their olfactory ability have produced varied and inconsistent results, the 
fact that the two are still so strongly associated is rather curious. Classen (1997) claims, that in 
western society, women have historically been associated with the more ‘corporeal’ senses of 
smell, taste, and touch indicating the origin of the association between olfaction and women 
may have an alternative explanation other than innate ability.  

Existing evidence provides support for the notion that women have several distinct 
olfactory advantages in early and later stages of life, but, several of these advantages have been 
observed to disappear during early and middle adulthood (Doty, & Cameron, 2009; Ferdenzi, 
Coureaud, Camos & Schaal, 2008; Porter & Moore, 1981; Richman, Post, Sheehe, & Wright, 
1992; Verron & Gaultier, 1976). For example, differences in olfactory ability between the sexes 
have been observed as early on as infancy with girl infants showing a greater preference for 
familiar odorants than boys (Doty, 1991; Stockhurst & Pietrowsky, 2004). There is evidence 
to support the existence of a continued olfactory advantage for young girls up until the onset 
of early adulthood (Doty & Cameron, 2009; Ferdenzi, Coureaud, Camos, and Schaal, 2008; 
Verron and Gaultier, 1976). Doty & Cameron (2009) note that since these sex-specific 
differences in olfactory ability are observed before the onset of puberty, the development of 
these advantages likely has a limited dependence on the onset of gonadal hormones.  

Upon the onset of adulthood, the results from research on women’s olfactory ability 
become more difficult to interpret. Adult women generally fail to perform better on tests of 
innate or biological olfactory ability but often outperform men on tests of olfaction related to 
memory such as odor discrimination and recognition (Doty & Cameron, 2009; Jehl, Royet & 
Holley, 1995; Larsson, Lövdén & Nilsson, 2003; Stockhurst, & Pietrowsky, 2004). Perhaps  
the continued perception in western society that adult women have a superior sense of smell 
mentioned by Classen (1997) is due to a series of environmental and psychological factors, 
instead. Major influential factors on olfactory ability are culture, age, and familiarity with the 
odorant (Hedner, Larsson, Arnold, Zucco, & Hummel, 2010; Larsson, Finkel, & Pedersen, 
2000; Wilson & Stevenson (2003); Wysocki, & Gilbert,1989; Öberg, Larsson, & Bäckman, 
2002). A combination of these factors could potentially lead to the common perception or bias 
that women have a superior sense of smell.   
 Along with age, pregnancy is another sex-specific factor that is often attributed to 
improved olfactory acuity. Pregnant women report having a heightened sense of smell during 
their pregnancy even though studies have failed to show any enhancement in their olfactory 
thresholds, levels of sensitivity, or ability to correctly identify odorants (Cameron, 2014; Doty 
& Cameron, 2009). What does seem to change during pregnancy is the valence of odorants. 
Pregnant women often rate more odors as unpleasant during their pregnancy and find 
unpleasant odors more intense. The mechanism behind this change is not entirely transparent, 
but similar to the age-related differences, the change in olfactory perception in pregnant women 
is unlikely hormonal. Considering that neither the results from age-related studies nor studies 
on pregnancy and olfaction have produced positive results, there might be another factor 
besides innate ability that has created the observed difference in olfactory perception between 
men and women (Doty & Cameron, 2009). 
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 More so than sight or sound, our sense of smell is dependent on our past experiences 
which makes familiarity a key factor when it comes to understanding how our olfactory 
abilities are developed. Consider that an individual can easily conjure up the color purple or 
the sound of a guitar when asked to, but, struggle to imagine what lavender or sage would smell 
like. Because of this phenomenon, olfactory researchers are inclined to believe that human 
olfaction is heavily dependent upon episodic memory (Engen, 1987, 1991; Hedner et al. 2010; 
Distel & Hudson 2001). When olfactory ability is examined through the lenses of familiarity 
and episodic memory one of the reasons women outperform men on certain tests of olfactory 
ability could be that they are exposed to a greater variety of odorants enhancing their ability to 
encode scents while also causing them to pay more attention to olfactory stimuli. (Hudson, 
1999; Jehl, Royet, & Holley, 1995). In support of this, Öberg, Larsson, & Bäckman, (2002) 
found no difference between men and women on tests of sensory acuity or for tests of episodic 
memory for unfamiliar odors but found that women performed better on episodic memory tests 
for familiar odorants. This effect disappeared once odor naming ability was controlled for, 
emphasizing the importance of exposure and experience on the development of our sense of 
smell.   
 Two aspects connected to familiarity, environment and culture, are inherently tied 
together. Both factors affect the amount of emphasis placed on the importance of olfaction 
within a culture and the amount of odorants an individual is exposed to (Ayabe-Kanamura et 
al., 1998). Researchers Olofsson and Wilson (2018) provide an example of the effect that 
culture can have on olfactory ability by comparing horticulturists from more western cultures 
to individuals still living in hunter-gather societies. The researchers found that hunter-gather 
societies rely on their olfactory abilities more often than their western counterparts and 
therefore have developed a greater lexicon of words that are used to describe odorants in their 
languages, thusly, aiding in their ability to encode and detect different scents. Another study 
by Barber (1997) found similar results when he compared regions of America and Africa and 
found that people in Africa performed significantly better on tests of odorant detection 
compared to their American counterparts. Both studies lend support for the notion that culture, 
and, by association, a sex-specific societal bias potentially could have an effect on the 
development of an individual’s olfactory ability by determining what odorants they encounter 
and how much attention is paid to those odorants.  
 A phenomenon relevant to everyday olfactory perception and an example of the effect 
that expectation can have on olfaction are olfactory illusions. Herz & von Clef (2001) define 
olfactory illusions as context-based changes in the perception of an invariant stimulus. Herz 
has performed several studies attempting to induce olfactory illusions by manipulating the label 
or ‘verbal context’ that an odorant is associated with. For example, when participants were 
asked to judge eight odorants in their natural and synthetic forms they rated odorants that were 
labeled ‘natural’ as more familiar and pleasant regardless of whether or not the natural odorant 
was actually presented (Herz, 2003). While not the main focus of her study, Herz also found 
evidence for the effect of cognitive factors such as verbal labels and associated emotions on 
perceived valence and, to a lesser extent, intensity (Herz, 2003; Herz, 2005). These results 
indicate that cognitive factors play a role in how we process and perceive odorants, potentially 
undermining the more traditional mindset that olfactory perception is primarily dictated by 
innate olfactory ability.  
  Cognitive bias is a common and well-established term for phenomena similar to Herz’s 
olfactory illusions. Cognitive bias can be defined as any type of pre-existing perception, 
anchoring effect, or expectation that influences how an individual perceives a stimulant 
(Dalton, Wysocki, Brody, Lawley, 1997). For example, even the suggestion that a dangerous 
chemical was present inhibited participants’ cognitive ability (Nordin et al., 2013). Herz went 
even so far as to claim that an individual’s expectation is the primary component in olfactory 
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ability (Herz, 2005). While Herz’s claim may need further evidence to support it, there certainly 
exists sufficient evidence to support the notion that cognitive bias, and by association, a sex-
specific societal bias can substantially impact how an individual perceives an olfactory 
stimulus. In particular, that a sex-specific bias can affect how strongly or intensely an 
individual perceives an odorant.   
 Considering the large number of negative findings on sex-related differences in innate 
olfactory ability related to perception, I hypothesize that the effect of a sex-specific societal 
bias on an individual’s olfactory perception is strong enough to cause them to noticeably 
perceive odors as more intense. To be more specific, I hypothesize that unbiased ratings of 
repeated odor presentations will not differ between men and women. That sex-specific biased 
information consisting of high ratings on the Borg CR100 scale for intensity will cause an 
individual to rate the same set of repeated odor presentations as more intense. Lastly, I 
hypothesize that the presence of a sex-specific bias will cause participants to perceive a 
noticeable difference between two identical sets of odorants. This implies that the participant 
will not only rate an odorant differently because of the presented bias but also perceive the 
biased condition as more intense due to the effect that a sex-specific bias has on their 
expectations. 
 

Method 

Participants  

 Thirty-two participants were recruited for this study (sixteen males; sixteen females; 
mean age = 24.4) from advertisements posted around Umeå University and on Facebook pages 
related to the university. Subjects were excluded if they had an impaired sense of smell, were 
under the age of 18, or pregnant. In order to determine that all participants had an unimpaired 
sense of smell, they were required to take a variation of Cain’s threshold test and score a 
threshold of dilution step 6 or higher before participating in the study (Cain, 1989). Participants 
were paid a total of 200 Swedish kronor for their participation.  

Instruments and Materials 

 Odorant presentation. For each presentation, 10 glass flasks each containing 60 mL 
of n-butanol dilution step 5 were used (Cain, 1989). Eight glass flasks containing dilution steps 
12 to 5 of n-butanol were also utilized.  Dilution steps 12 to 5 are all below the standard 
irritation thresholds, with dilution step 6 being a ‘cut-off’ detection threshold for individuals 
who have normally functioning olfactory systems. Flasks were stored in a standard refrigerator 
and were replaced at the beginning of every week. The chemical n-butanol is considered 
difficult to identify. 
 Sex-specific bias. One of the two conditions in the study paired a set of 20 sex-specific 
biases with a set of 20 flask presentations. Each flask was verbally presented with a unique bias 
for intensity. The same biased information was given to both sexes in the form of Borg ratings 
which were taken from the top quartile of scores from a prior study in the same laboratory 
(Borg & Borg, 2002). What differed for the bias presentations between sexes was that each 
bias was described as relating to the participant’s sex. For example, if the participant was a 
man, the bias would be presented as such: the mean intensity score for men on this 
concentration of n-butanol was 45. If the participant was a woman, then the same scores would 
be used but the phrasing would change to accommodate her sex. Thus, the bias would be 
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presented in the following manner: the mean intensity score for women on this concentration 
of n-butanol was 45. The Borg CR100 scale pairs numerical scores with verbal descriptors. For 
example, an intensity score of 45 would indicate that the intensity of the odorant was perceived 
as falling between the descriptors ‘somewhat strong’ and ‘strong’. These verbal descriptors 
were included on the scale given to the participants.  
 
Procedure 

 The study was counter-balanced so that half of the participants received the bias first 
while the other 50% received it during the second set of 20 flask presentations. Participants 
were grouped by sex and then randomly assigned to a condition. Before beginning the 
procedure, participants were asked to complete a threshold test to determine eligibility. The 
Connecticut Chemosensory Clinical Research Center Threshold Test was used to do 
accomplish this; when presented with two unmarked flasks, one with only water and the other 
containing n-butanol, the participant had to correctly identify the odorant five consecutive 
times at the same dilution step (Cain, 1989). Dilution steps 12-6 were utilized beginning with 
step 12 as the weakest concentration. Each step ascended in strength by a multiple of three with 
dilution step 6 considered to be a ‘cut-off’ detection threshold for individuals who have 
normally functioning olfactory systems. 
 During the main study, participants took an olfactory battery comprised of 2 conditions, 
each with 20 total flask presentations of dilution step 5. Dilution step 5 is a step above the cut-
off for clinical hyposmia, so step 5 should be able to be clearly perceived by an individual with 
a normally functioning olfactory system. Participants were asked to rate each flask on 
perceived intensity using the Borg CR100 scale (Borg & Borg, 2002). One set of the twenty 
flask presentations were paired with a sex-specific bias and the other twenty flask presentations 
were presented without any bias. During each session, participants were given one flask at a 
time and asked to smell and rate it accordingly. After the first 20 flask presentations, the opaque 
crate containing the 10 flasks of n-butanol was taken back to the laboratory to get a ‘new’ 
second set of flasks. Participants were informed that the flasks contained n-butanol but were 
not aware that the 20 presented flasks contained the same concentration of the substance or that 
the same flasks were used between conditions. The flasks were ‘switched’ so that the 
participant would be under the impression that a different set of flasks were utilized for each 
condition. The participant was deceived about the contents of the n-butanol flasks in an attempt 
to show that changes in rating and perception are related to other factors besides stimulus 
properties. Participants were given a 1-minute inter-stimulus interval between each flask 
presentation and a 5-minute break between the two conditions. 
 After the study, participants were debriefed as to the true purpose of the study and were 
informed that all of the presented flasks contained the same dilution step of n-butanol. Finally, 
participants were given a follow-up survey that asked whether they rated differently between 
conditions. The survey began by asking participants to distinguish whether they switched 
numeric rating even though their perception remained unchanged, or if they rated differently 
because they felt a noticeable difference between the two conditions. The remaining questions 
on the survey asked participants to elaborate as to how they rated differently; whether they 
experienced the flasks in the biased condition as more, less, or the same in perceived intensity. 
This survey was used to determine whether or not the presentation of a sex-specific bias could 
not only skew a participant’s intensity ratings but also affect their perception of the variable.  
 

Results 
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 A Greenhouse-Geisser corrected 2 × 2 × 4 repeated measures analysis of variance 
(ANOVA) with Bias (Unbiased, Biased) and Time (First, Second, Third, Fourth five minute 
intervals) as within-subjects factors, and Sex (Women, Men) as a between-subject factor 
produced a tendency of main effect of Bias (F = 3.50, p = .071, ƞ2

p = 0.104), and a significant 
main effect of Time (F = 47.43, p < .001, ƞ2

p = 0.603) for intensity. No significant effect of 
Sex was found, and neither any other main effect or interaction. As seen in Figure 1 and Figure 
2, the biased intensity ratings were slightly greater than the unbiased ones. The absence of an 
effect involving Sex means that women and men did not differ significantly in their intensity 
ratings. The main effect of Time was not part of the hypotheses but reflects general decreases 
in intensity ratings over time (Figure 1 & Figure 2). 

 

 
Figure 1. Mean intensity ratings for the Bias and Unbiased conditions were compared over 
time for women. Bias number refers to the sex-specific biased score that was presented with 
each flask. 
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Figure 2. Mean intensity ratings for the Bias and Unbiased conditions were compared over 
time for men. Bias number refers to the sex-specific biased score that was presented with each 
flask. 
  

 Lastly, the results from the follow-up survey were analyzed using a Chi-Squared Test. 
Results showed that all 32 participants perceived that they rated differently between conditions. 
25 of the participants indicated that they rated differently because they felt a noticeable 
difference between conditions, 4 only rated differently because of the bias not because they felt 
a difference, and 3 participants selected ‘Other’ indicating they rated differently but for another 
reason (X2 = 28.94, p < .001). The study was cross balanced meaning that the changes in 
perception could not have been an effect of time. Participants were also asked to specify exactly 
how their perception differed between the bias and unbiased conditions. The results for 
intensity can be found below in Figure 3. The obtained results indicate that people found the 
biased condition slightly more intense which is consistent with the results found below.  
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Figure 3. These results reflect how participants perceived the level of intensity for the flasks 
in the biased condition relative to the unbiased condition. The y-axis reflects the number of 
participants and the x-axis represents the different qualitative labels selected by participants.  

Discussion 

 I hypothesized that the effect of a sex-specific societal bias on an individual’s olfactory 
perception is strong enough to cause them to noticeably perceive odors as more intense. To be 
more specific, I hypothesized that unbiased ratings of repeated odor presentations would not 
differ between men and women, and that sex-specific biased information consisting of high 
ratings on the Borg CR100 scale for intensity would cause an individual to rate the same set of 
repeated odor presentations as more intense. I also hypothesized that the presence of a sex-
specific bias would cause participants to perceive a noticeable difference between two identical 
sets of odorants. This difference would imply that the participant not only rated an odorant 
differently because of the presented bias but also perceived the biased condition as more intense 
due to the effect that a sex-specific bias had on their expectations.  
 While the results from the repeated measures ANOVA failed to satisfy the standard p 
< .05 criteria, the results do indicate a tendency for main effect for the variable Bias on 
participants’ intensity ratings. The weaker p-value may be due to the selected biases scores 
being too similar to how the participants naturally would have rated the presented flasks. Still, 
these results are in line with my hypothesis and indicate that the presence of a sex-specific bias 
did affect how an individual rated a flask’s perceived intensity level. A potential weakness of 
this design is that there is no way to determine if the sex-specific aspect of the bias made any 
difference. There is a chance that the bias could have produce a similar effect without being 
specific to a person’s sex. A future study should add a condition with a neutral bias to verify 
the effect of the sex-specific bias.     
 Another facet of the ANOVA that lends credit to my hypothesis is the lack of a main 
effect found for the variable Sex. If women inherently possessed a superior sense of smell, 
there should be a noticeable difference in their unbiased intensity scores. However, this effect 
was not observed for either variable. The lack of an observed difference for the variable Sex 
indicates that there is likely no difference in men and women’s innate olfactory ability. Instead, 
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differences in olfactory ability between the sexes that have been observed in prior research, 
such as discrimination and recognition, are more likely related to an individual’s familiarity 
and expectations about a specific odorant (Herz, 2005; Herz & von Clef, 2001; Jehl, Royet & 
Holley, 1995). While n-butanol is used in many everyday products and is considered to a be a 
neutral odorant, there is still a chance that the stimulant could have been perceived as unfamiliar 
compromising the results of this study.  
 Finally, the positive findings from the chi-squared analysis on the follow-up survey 
indicate that all students felt that they were affected in some way or another by the bias and 
that the vast majority did actually perceive a noticeable difference between conditions. This 
result is consistent with the research on olfactory illusions reinforcing Herz’s theory that verbal 
cues can impact how an individual perceives an olfactory stimulus (Herz, 2003; Herz & von 
Clef, 2001). The finding that the majority of participants actually experienced a noticeable 
difference between conditions also lends credit to Herz’s (2005) other theory that an 
individual’s expectation related to context and past experience is the primary component in 
their olfactory ability. The result from the follow-up survey and Herz’s prior research on 
olfactory illusions both lend support for my hypothesis that a sex-specific societal bias can alter 
how an individual perceives an odorant. However, the sex-specific bias used in this study only 
concerned perceived intensity. Therefore, research should be performed on the depth of the 
effect that a sex-specific bias has on an individual’s olfactory perception before reaching any 
further conclusions.   
 The finding that a sex-specific bias can affect how an individual perceives an olfactory 
stimulus is far-reaching and could potentially alter how we approach olfaction both from a 
research and an outside perspective. However, in order to fully support the theory that an adult 
woman’s observed olfactory advantages are due to the effect of a sex-specific social bias on 
perception and not an innate difference in olfactory ability, the depth of the effect that a sex-
specific societal bias has on olfactory ability needs to be further researched. Still, the results 
obtained during this study are promising and indicate that research on the impact of a sex-
specific societal bias on an individual’s perception of odorants is worth further exploration. 
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