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A B S T R A C T   

Major functions of the olfactory system include guiding ingestion and avoidance of environmental hazards. 
People with anosmia report reliance on others, for example to check the edibility of food, as their primary coping 
strategy. Facial expressions are a major source of non-verbal social information that can be used to guide 
approach and avoidance behaviour. Thus, it is of interest to explore whether a life-long absence of the sense of 
smell heightens sensitivity to others’ facial emotions, particularly those depicting threat. In the present, online 
study 28 people with congenital anosmia (mean age 43.46) and 24 people reporting no olfactory dysfunction 
(mean age 42.75) completed a facial emotion recognition task whereby emotionally neutral faces (6 different 
identities) morphed, over 40 stages, to express one of 5 basic emotions: anger, disgust, fear, happiness, or 
sadness. Results showed that, while the groups did not differ in their ability to identify the final, full-strength 
emotional expressions, nor in the accuracy of their first response, the congenital anosmia group successfully 
identified the emotions at significantly lower intensity (i.e. an earlier stage of the morph) than the control group. 
Exploratory analysis showed this main effect was primarily driven by an advantage in detecting anger and 
disgust. These findings indicate the absence of a functioning sense of smell during development leads to 
compensatory changes in visual, social cognition. Future work should explore the neural and behavioural basis 
for this advantage.   

1. Introduction 

The major functions of the olfactory system are to guide ingestion 
and avoidance of environmental hazards, such as fire or decayed food 
[31]. Indeed, people with olfactory loss report a higher incidence of 
household accidents and cite concerns about safety and hygiene as the 
major consequences of living without a sense of smell [3,4,29]. Various 
coping strategies are reported by people with anosmia, primarily 
involving reliance on others, for example to check food [2,21]. 

In addition to explicit spoken exchanges, humans utilize non-verbal 
cues from others to respond adaptively to their environment [10]. Facial 
expressions are one key source of social information that can be used to 
guide approach and avoidance behaviour [14]. The sense of smell also 
plays a significant, though largely unconscious role in social commu-
nication [31]. Indeed, as one of the first senses to develop, it has been 
proposed that olfaction scaffolds an infant’s social learning, with 
maternal odour capturing and guiding attention towards faces, as well as 
regulating physiological responses to threat [28]. Social odour cues can 
also influence adults’ perceptions of faces [5]. For example, 
non-conscious exposure to male axillary odour has been reported to 

enhance women’s attractiveness ratings of male faces [32]. Further-
more, a range of studies report exposure to axillary odour, collected 
under either positive or negative emotional states, selectively modulates 
the receiver’s detection of facial emotions [5]. For example, exposure to 
anxiety odour disrupted emotional priming of happy faces [22], while 
fear body odour biased participants toward interpreting ambiguous 
facial expressions as more fearful [6,34]. 

Given people with congenital anosmia report reliance on others as 
their primary strategy to avoid environmental hazards, it is of interest to 
explore whether they show heightened sensitivity to others’ facial 
emotions, particularly those depicting threat [19], or whether a lack of 
olfactory scaffolding during development has had a lasting detrimental 
effect on their social-cognitive skills [28]. Enhanced acuity and neural 
reorganisation have been widely reported in those with a congenital 
absence of visual or auditory input [1,20]. Though much less widely 
studied, there is some evidence that congenital anosmia is also associ-
ated with enhanced processing in other (multi)sensory domains [23,24]. 
Neurally, this appears to reflect enhanced processing in multisensory 
brain regions [23], including the posterior superior temporal sulcus 
(pSTS), an area with established roles in both audio-visual binding and 
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processing of dynamic aspects of facial expressions [30]. 
Initial behavioural support for the sensitivity enhancement hypoth-

esis comes from a study where participants viewed faces as they 
morphed from neutral to express one of 6 basic emotions (Anger, 
Sadness, Fear, Disgust, Surprise and Happiness). Congenitally anosmic 
participants made fewer errors at identifying disgust and fear expres-
sions than controls [19], while the error rates of an additional, acquired 
anosmia group correlated negatively with the duration of their olfactory 
loss. The authors interpret these findings as reflecting a compensatory 
effect of the anosmic participants’ inability to detect environmental 
hazards through odours, manifested as increased sensitivity to the 
non-verbal social cues of others. Despite this intriguing finding, to our 
knowledge, no other studies have explored compensatory effects of ol-
factory loss on social-cognitive functioning [29]. 

Thus, the aim of the present study was to replicate and extend this 
initial study [19], comparing performance of a new group of congeni-
tally anosmic participants to a group of age matched controls with intact 
olfactory function. With only N = 17 congenitally anosmic participants, 
the original study was somewhat underpowered [19], as is typical given 
the difficulty of recruiting a group with a rather rare condition [3]. 
Therefore here, in attempt to recruit a larger sample, we conducted the 
study online, using a version of the same behavioural task [19,26]. In 
addition, in order to test the generalisability of the previous finding, 
while Lemogne et al’s study used face stimuli from Eckman’s widely 
cited Facial Affect Series [9], here we used stimuli from more modern, 
naturalistic, freely available database [8], with stimuli varying by age 
and gender. It was hypothesised that, in-line with the previous report, 
congenitally anosmic participants would show greater sensitivity to the 
detection of facial emotions, particuarly those signalling potential 
threat, as they evolved from neutral to express a range of basic emotions. 

2. Methods 

2.1. Participants 

28 participants aged 20–65 (M = 43.46, SD = 12.48, 21 Female), 
self-reporting congenital anosmia, were recruited via the closed Face-
book group Congenital Anosmia. 35.7 % of the congenital anosmia group 
were based in Great Britain, 39.2 % in North America, 10.7 % in Europe, 
7.14 % in Asia and 3.6 % South America. 

24 participants aged 21–66 (M = 42.75, SD = 16.49, 14 Female), 
self-reporting no olfactory dysfunction were recruited from the friends 
and family of the Congenital Anosmia (CA) group and via student net-
works at Liverpool John Moores University. 87.5 % of the control group 
were based in Great Britain and 12.5 % in North America. 

Exclusion criteria for both groups were being under 18 or over 70 
years of age, acquired anosmia, parosmia, traumatic brain injury and 
any visual impairment not corrected by glasses. The study was approved 
by LJMU’s Psychology Research Ethics Committee. 

2.2. Measures 

2.2.1. Olfactory ability 
Participants were asked to self-report olfactory ability (1 =

congenital anosmia, 2 = acquired anosmia, 3 = long-term acquired 
anosmia, 4 = never experienced smell loss/ only temporarily). They 
were also asked to rate their self-perceived olfactory function on a visual 
analogue scale, with 0 = no ability to smell, and 100 = perfect sense of 
smell (Zou et al., 2019). 

In addition, participants were provided with a list of 5 household 
items (Ground coffee/Coffee granules, Orange/ Lemon rind, A dab of 
toothpaste, A drop of washing up liquid, Mustard/ Ketchup/ Brown 
sauce) and asked to “please smell the items you have available and mark 
on the scale the extent to which you can smell them (based on https 
://abscent.org/learn-us/smell-training/self-assessment). 1. I’m not 
aware of the smell at all. 2. I’m aware of something very, very faint, but 

that’s all. 3. I can smell something, but it doesn’t make sense to me. 4. 
The item smells very distorted and unpleasant to me. 5. I am able to 
identify the smell. If they didn’t have access to the item, they were asked 
to leave the response empty. 

2.2.2. State trait anxiety inventory (STAI) 
The STAI, developed by Spielberger (1983) includes separate mea-

sures of state and trait anxiety. The State-Anxiety scale (STAI) consists of 
20 statements that evaluate how respondents feel right now, at this 
moment while the Trait-anxiety scale consists of twenty statements that 
assess how people generally feel. On both scales, responses range from 1 
(Not at all) to 4 (Very much so). Scores range from 20 to 80, with higher 
scores indicating greater anxiety. 

2.2.3. Facial emotion recognition task (FERT) 
The FERT consisted of 36 trails presented in a random order [26]. 

Trials began with a 1000msec fixation cross followed by a neutral face 
which morphed into one of 5 emotions (anger, disgust, fear, happiness, 
and sadness) over 40 frames, i.e. 2.5 % incremental stages. Each frame 
was shown for 500 ms, with a morph evolving over 20 s. 6 facial iden-
tities were shown (3 men, 3 women), from 3 age groups (old, 
middle-aged, and young) each expressing 5 emotions in total. Faces 
were taken from the FACES database (https://faces.mpdl.mpg. 
de/imeji/) and morphs created using Morpheus photo morpher (http 
s://www.morpheussoftware.net/). See Fig. 1 for exemplars. 

Participants were asked to report the emotion as soon as they were 
confident in their choice, rather than guessing, by clicking the corre-
sponding box, located below the image. Participants were informed that 
they could change their response as often as necessary. At the end of 
each trial, participants were presented with the static, full-strength 
emotion and asked to make their final selection of which emotion was 
shown, using a 5AFC response (coded as stage 41). This screen remained 
until participants made their final response. 

Three scores were computed for each emotion: 1. The final success 
rate (i.e., the percentage of correct responses at the 41st stage), 2. The 
percentage of trials where the first response was accurate, 3. The num-
ber of stages required to accurately identify the emotion (on a scale of 
1–41). The task was programmed in PsychoPy version 22.2.5 (https: 
//www.psychopy.org/) and run online via Pavlovia (https://pavlovia. 
org/). See Fig. 2 for task diagram. 

2.3. Procedure 

Participants first followed a link to an online survey hosted on 
QuestionPro. Here they were presented with a participant information 
sheet followed by a series of screening questions to ensure they met the 
study inclusion criteria. After a series of demographic questions, they 
completed the state-trait anxiety inventory, followed by the smell self- 
assessment test. Upon completion of this, participants were re-routed 
to Pavlovia where they completed the emotion recognition task. 
Finally, participants were provided with a debrief sheet which sum-
marised the aims of the study. 

2.4. Data processing and analysis 

Data were extracted as CSV files from QuestionPro and Pavlovia and 
matched up using a unique participant ID which was automatically 
generated at the start of the survey. Only participants with full data sets 
were considered to have completed the study. 

Initial screening of the data revealed that some participants rarely 
made any responses during the morph stage of the task and only 
responded at the forced choice questions. Across the study sample, the 
mean number of such response omissions was 4.38 trials (SD 7.6). 
However, 4 participants, 2 from each group, had omissions > than 2SD 
above the mean (omissions on 24, 26, 26, and 26 out of 36 trials). All 
these participants omitted responses on 50 % or more of the Happy 
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trials, which were the easiest and where mean omissions were only 0.65 
trials (SD 1.43). Therefore, it was concluded these participants hadn’t 
engaged with the task as instructed and were excluded from the final 
analysis. N.B. Their inclusion makes no substantive difference to the 
results reported. Demographic data for the final study sample are shown 
in Table 1. 

Data were analysed using SPSS (version 27 – IBM). Independent 
samples t-tests were used to compare groups on key demographics: age, 
anxiety, and self-reported olfactory function. Equality of variances were 
assessed using Levene’s test. A series of mixed ANOVAs - Group (CA, 
Control) * Emotion type (Happy, Sad, Anger, Disgust, Fear) were used to 

Fig. 1. Exemplar morphs from neutral (0) to full emotion (40) for disgust and anger. Both emotions share brow knitting but later emerging differences in the nose 
and mouth region ultimately differentiate them [15]. 

Fig. 2. Task-trial diagram. Participants completed 30 trials (6 facial identities * 5 emotions). Each trial started with a 1000msec fixation cross and then a face 
morphed from neutral to full emotion over 40 frames, with each frame presented for 500 ms (20 s per trail). Participants could respond at any time during the morph 
and change their mind if they decided an earlier response was incorrect. The final screen on each trial presented the full-strength emotion again and participants 
confirmed their final selection. 

Table 1 
Descriptive statistics showing group means (SD) for age, anxiety, and self- 
reported olfactory function.  

Variable Congenital Anosmia Control 
Group 

Age (years) 42.85 (12.7) 42.45 (16.1) 
State Anxiety 36.38 (11.35) 34.77 (10.00) 
Trait Anxiety 40.23 (12.66) 41.00 (8.89) 
Functional Rating 3.61 (10.23) 83.59 (9.77) 
Self-Assessment 5.54 (1.21) 23.82 (2.82)  
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compare performance on each of the 3 outcome measures. Where as-
sumptions of sphericity were violated, as indicated by Mauchly’s test, 
Greenhouse-Geisser correction was applied. Main effects of interest were 
followed up with pairwise comparisons where appropriate. Bonferroni 
correction was applied to adjust for multiple comparisons. 

3. Results 

Descriptive statistics are presented in Table 1. There were no sig-
nificant differences between the two groups in terms of their age or 
scores on the State and Trait Anxiety scales (All ts 〈 1, all ps 〉 0.6). 

As would be expected, the CA group rated their olfactory function 
significantly lower than the control group, t(46) = 27.54, p < .001. 
There were only 2 missing ratings on the olfactory self-assessment across 
the whole sample; one person from each group omitted orange / lemon 
rind. Ratings (1–5) for each item were totalled to give an overall self- 
assessment score. Thus, a total score of 5 indicates no detection of any 
smell and a total score of 25 indicates confidence they could identify all 
of the items. Means and SDs are shown in Table 1. As anticipated, most 
ratings in the CA group were 1. The highest total score in the CA group 
was 10, this participant rated all items as 2, “I’m aware of something 
very, very faint, but that’s all”. The lowest total score in the control 
group was 17. This person rated 3 of the 5 items as 5 (coffee, lemon / 
orange rind and mustard) but reported no sensation from washing up 
liquid or toothpaste. The differences between the two groups were sta-
tistically significant, t(46) = 28.27, p < .001. 

Accuracy identifying final, full emotion. 
There was a significant main effect of Emotion, F(4,184) = 24.94, p <

.001, partial η2 = 0.352. Pairwise comparisons with Bonferroni correc-
tion revealed that Happy faces were identified more accurately than any 
other emotion (all ps ≤ .002). Fear and Sadness were the next most 
accurately recognised, with both being identified significantly more 
accurately than Disgust or Anger (all ps < 0.03). Disgust and Anger were 
the least accurately identified and performance on these trials did not 
differ to each other (p = 1) (Fig. 3). 

There was no significant main effect of Group, F(1,46) = 0.31, p =
.58, partial η2 = 0.007. Nor was there a significant Emotion x Group 
interaction, F(4,184) = 0.92, p = .45, partial η2 =0.02 (Fig. 3). 

Accuracy on first guess. 
There was a significant main effect of Emotion, F(4,184) = 17.84, p <

.001, partial η2 = 0.28. This reflects the fact first responses on Happy 
trials were significantly more accurate than first responses for any other 
emotion, ps < 0.001. First response accuracy didn’t differ between any 
of the other emotions (Fig. 4). 

There was no significant main effect of Group, F(1,46) = 0.0001, p =
.996, partial η2 = < 0.001. Nor was there a significant Group X Emotion 
interaction, F(4,184) = 0.095, p = .98, partial η2 = 0.002 (Fig. 4). 

Mean number of phases required for correct recognition. 
There was a significant main effect of Emotion, F(4,184) = 53.88, p <

.001 partial η2 = 0.54. Pairwise comparisons demonstrated this reflects 
the fact Happiness was identified significantly earlier than any of the 
other emotions, ps < 0.001 (Fig. 5). 

There was also a significant main effect of Group, F(1,46) = 5.82, p =
.02, partial η2 = 0.11. The CA group identified all emotions significantly 
earlier than the Control group. There was no significant Emotion x 
Group interaction, F(4,184) = 1.51, p = .2, partial η2 = 0.03 (Fig. 5). 

Exploratory analysis 
Despite of the lack of significant interaction, given a previous study 

reported greater sensitivity among congenitally anosmic participants in 
identifying disgust and fear, we conducted post-hoc pairwise compari-
sons to determine whether the CA group showed a greater advantage 
over the Control group identifying some emotions than others. This 
revealed that the CA group identified both Disgust (t(46) = 3.29, p =
.002) and Anger (t(46) = 2.59, p = .01) significantly earlier than the 
Control group. There was a trend for the CA group to recognise Sadness 
significantly earlier than the Control group, t(46) = 2.00, p = .05). There 
were no differences between the two groups in stage of identification of 
the other two emotions (Happiness & Fear), ts < 2, ps > 0.12 (Fig. 5). 

4. Discussion 

In the present study the CA group were able to identify basic facial 
emotions at a lower threshold than an age matched control group who 
self-reported a healthy sense of smell. While the groups did not differ in 
their ability to identify full intensity, static emotions, people with a 
lifelong absence of the sense of smell were able to detect all emotions at 
an earlier stage of a dynamic morph than the control group. This 
heightened sensitivity was seen in the absence of any difference in the 
accuracy of the first responses made by the two groups, suggesting the 
findings reflect heightened sensitivity rather than incidental differences 

Fig. 3. Mean final recognition rate, presented as percentage correct for each emotion. Happy faces were identified significantly more accurately than any other 
emotion (ps ≤ 0.002). Fear and Sadness were identified significantly more accurately than Anger and Disgust (ps < 0.03). Error Bars = 95 % CI. 
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in response strategy. Exploratory post-hoc analysis indicated the 
anosmic advantage was primarily driven by superiority in detecting 
anger and disgust. While high sensitivity to expressions of disgust is 
likely to be particularly important to people with anosmia, the fact that 
anger and disgust were the hardest two expressions to identify and there 
was no anosmic advantage in the detection of fear, another highly 
relevant warning expression, means it isn’t possible to conclude that the 
heightened sensitivity is emotion specific. 

These findings are partially consistent with a previous study, using 
the same facial morphing task, which found people with congenital 
anosmia were more accurate at identifying fear and disgust, making 
fewer errors on their first response, than the control group [19]. How-
ever, in contrast to the present findings, this apparent advantage did not 
extend to identifying the emotions at an earlier stage of the morph. In 

fact, the congenital anosmia group identified all emotions at a later 
stage, on average, than the control group, suggesting they may have 
been employing a more conservative response strategy than the control 
group. Such a response bias could reflect the fact testing was conducted 
in a clinical setting where demand characteristics meant accuracy was 
prioritised. While in the present study, the task instruction was for 
participants to respond when they knew the emotion rather than to 
guess, the home testing environment may have resulted in CA partici-
pants feeling comfortable making earlier responses. 

There are also several methodological alterations between the pre-
sent study and the previous one which could explain the differing 
findings. Firstly, while the original study used a classic set of facial affect 
stimuli [9], to test the generalisability of the original findings, here the 
dynamic emotion morphs were generated from a more modern, colour 

Fig. 4. Mean percentage of first responses that were correct for each emotion. First responses on Happy trials were significantly more accurate than for any other 
emotion, ps < 0.001. Error Bars = 95 % CI. 

Fig. 5. Mean number of frames viewed before correct recognition of each emotion morph (0–41). There was a significant main effect of Emotion, with Happiness 
identified significantly earlier than any other, ps < 0.001. There was a significant main effect of Group, with the CA group identifying all emotions earlier than the 
control group. Post-hoc pairwise comparisons revealed significantly earlier identification of Anger and Disgust. *p = .01, **p = .002. Error Bars = 95 % CI. 
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set of previously validated facial emotion stimuli [8]. Additionally, only 
5 of the basic emotions were included in the present study; given sur-
prise is an affectively ambiguous emotion, identification of which did 
not interact with group in the previous study, it was omitted here. This 
omission reduced the length of time the task took to complete and 
increased power to detect effects of interest in the analysis. Conse-
quently, participants also had fewer options to choose between, poten-
tially making the task easier. However, performance levels of the control 
group in the present study, in terms of overall accuracy, initial error rate 
and average stage of emotion recognition, are comparable to the control 
group’s performance in the previous study [19]. Thus, it seems unlikely 
fundamental differences in task difficulty explain the divergent results. 

Given the challenges of recruiting congenitally anosmic participants 
in a limited geographical area, the present study was conducted online 
with the anosmic participants recruited, with permission, from a closed 
Facebook group, which one of the authors (JD) is a member of. While 
this resulted in a larger sample than the previous study, it comes with 
limitations in the characterisation and verification of both groups’ ol-
factory function. COVID-19 induced olfactory loss has led to a rise in the 
use of at-home olfactory tests in research [33], one of which we included 
as a self-report screen for both groups. However, given that 
self-assessment of olfactory function can be unreliable [25] future, 
laboratory-based replication of this study, incorporating structural and 
functional screening of olfactory function, would add weight to the re-
ported results. 

Anxiety and depression have previously been reported to affect 
emotion recognition abilities [7,17]. In the previous study, the 
congenital anosmia group had significantly higher levels of self-reported 
anxiety and depression than the control group and this was accounted 
for in their statistical analysis [19]. Here, we found no differences be-
tween the groups in either state or trait anxiety. We did not include a 
separate measure of depression. However, given scores on the STAI are 
generally highly correlated with depression levels [16], it seems unlikely 
that the present findings were in fact driven by group differences in 
negative affectivity. 

The present study is one of the first to explore whether there are 
compensatory effects of congenital anosmia on visual social-cognitive 
functioning. While the findings indicate heightened sensitivity to iden-
tification of basic facial emotions, which fits with first hand accounts of 
greater reliance on others for detection of environmental hazards [2,21], 
it doesn’t offer insight into the mechanisms underlying this apparent 
advantage. Previous studies have reported enhanced audio-visual inte-
gration in congenital anosmia, which is reflected neurally as heightened 
activity in multisensory brain regions including the pSTS [23,24]. The 
pSTS is involved in the identification of dynamic facial expressions [30], 
offering a putative neural basis for the observed effects. Cultural dif-
ferences in sensitivity to the detection and discrimination of different 
facial emotions have been reported to reflect differences in eye-gaze, 
with east Asian cultures attending more to the eye than the mouth re-
gion [11,12]. This strategy results in reduced sensitivity to the 
discrimination of anger and disgust, two emotions which share brow 
knitting early in their evolution with later emerging differences in the 
nose and mouth region ultimately differentiating them [13]. Thus, se-
lective attention to key facial regions at different stages of the facial 
emotion’s evolution could confer a detection advantage for the CA 
group. Theories of embodied cognition have proposed that facial 
emotion recognition relies at least in part on mimicry of others’ facial 
expressions [27]. With previous studies reporting that recognition of 
dynamic expressions of facial emotions is predicted by the degree to 
which observers implicitly mimic the evolving pattern of facial muscle 
activity, as measured using facial EMG [18]. Future studies could eval-
uate these differing mechanistic explanations. 

In conclusion, the present study adds to the limited existing evidence 
that, in-line with the enhanced acuity and behavioural compensation in 
congenital loss of vision and audition, anosmia too leads to a processing 
advantage in other sensory domains. Specifically, enhanced sensitivity 

to the detection of evolving facial emotions, an important non-verbal 
cue guiding approach and avoidance behaviour. Future work is 
required to determine the behavioural and neural mechanisms under-
lying the reported effects. 
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