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ABSTRACT

Most design interventions manipulate the environment to convey sensory informa-
tion to the public. However, aside from cosmetic industry, research on the olfactory
modality has been broadly overlooked. Being one of the most ancient senses, smell
provides motivational guidance within the environment, and some evidence has poin-
ted to multisensory influences of smell. Thus, if the olfactory experience could surpass
its mere perception and extend to our decisions, it would become a critical topic
for design R&D. We assessed the influence of environmental smells on the perfor-
mance of two distinct decision tasks, namely, a parallel response selection / conflict
monitoring task (see Beste et al. 2013) and a cocoa taste-discrimination task, respe-
ctively employing an orthonasal (experiment 1) and a retronasal (experiment 2) smell
exposure. Three identical laboratory rooms were used in both experiments to expose
the participants to control, pleasant (apple fragrance scented room), and unpleasant
(faecal/putrid room) smells in a counterbalanced within-subject design. Although par-
ticipants’ response times were equivalent between conditions in experiment 1, the
unpleasant room was associated with a decreased (albeit non-significant) number of
errors. Remarkably, experiment 2 revealed that the unpleasant smell condition pro-
duced significantly more accurate judgments about the cocoa content of the trials
than those obtained under pleasant (p< 0.01) and control (p< 0.05) conditions. Our fin-
dings are discussed considering the salience of smells (i.e., motivational value), and
task demands (i.e., exposure length and type of cognitive processes engaged). Those
factors likely combine to determine the resources (e.g., attention) allocated at each
task and consequently, the degree of interference that smells could have on decision-
making. We argue that olfactory design interventions might benefit those people in
various contexts where sharp decisions are an asset (e.g., operating rooms, court
rooms, etc).
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INTRODUCTION

It is commonplace that design interventions operate on the consumers’ envi-
ronment at some extent, conveying visual, auditory, or haptic information to
the public. But aside from cosmetic industry, the olfactory modality has been
broadly overlooked possibly because the experimental study of chemosenses
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is difficult to implement. Nevertheless, design research has started to integrate
olfactory design elements of experience, collectively known as “smellscapes”
(see Xiao et al. 2021 for a review).

Smell provides motivational advantage over the environment by optimi-
zing feature detection of relevant stimuli for survival, thus promoting hazard
avoidance (Mutic et al. 2016, 2017). Over the last decade, the neural pro-
cessing steps required for an olfactory stimulus to be perceived have been
characterized. Cross-modality influences of smell and other senses have also
been identified despite the uncertainty regarding their respective percepti-
ons (Auffarth, 2013). Not surprisingly, this would become a “hot” topic for
design R&D, should the olfactory experience interact not only with other sen-
sory channels but also with high-level cognitive functions, such as decision
making.

Orthonasal vs. Retronasal Smell

Olfactory stimuli are translated into neural signaling through complex bioch-
emical transduction occurring at the nasal epithelium. Psychophysical studies
have indicated that olfaction depends on two systems, the orthonasal smell
which results from the direct breathing in, and the retronasal smell which
requires breathing out, particularly while eating so that the exhaled vapours
pass to the nasal cavity (Doty, 2019; Rolls, 2019). The latter is prone
to cross-modality interaction between smell and taste, but only recently it
has begun to be thoroughly explored. In fact, some studies suggest that
retronasal smell has a more powerful impact on behaviour than orthona-
sal smell, allegedly by combining emotional / hedonic properties of stimuli
(Fondberg et al., 2018; Hannum et al., 2018), and by interfering with cogni-
tion, such as episodical memory or language (Fallon et al., 2020; Gottfried
et al., 2004; Hannum et al., 2021; Pellegrino et al., 2021). However, the
majority of research assessing olfaction tends to quantify / qualify it as an
outcome (i.e., dependent variable) in study design. Therefore, little is known
about the influences of constant olfactory exposures on high-level cognitive
functions.

The Orbitofrontal Cortex Integrates Smell into Higher Cognition

In humans, olfaction is the only sensory system with a direct pathway to
the orbitofrontal cortex (OFC), a forebrain integrative region that regulates
higher cognition such as adaptive decision making or goal-directed behavi-
our (Rudebeck and Rich, 2018). Neural signals from both taste and smell
converge at the OFC, where they seemingly undergo pattern discrimination
and affective attribution (De Araujo et al., 2003; Shanahan, Bhutani and
Kahnt, 2021). As the OFC binds the motivational and affective valence of
smells whilst coordinating several high cognitive functions, a case can be
made for smells to act upon our decision making. Therefore, we explored this
possibility with two decision-making paradigms, requiring either an orthona-
sal (experiment 1) or a retronasal (experiment 2) constant olfactory exposure.
We hypothesized that participants’ decisions would be greatly interfered by
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the latter, and we also expected that task performance would be facilitated
by a “pleasant” constant smell.

METHOD

Experiment 1

Participants. 40 undergraduate students (14 males) with a mean age of 20.7
(SD = 2.4) years volunteered to participate in exchange of a shopping vou-
cher raffle entry. Two females were excluded due to transient anosmia (i.e.,
cold). The local ethical committee study approved the study protocol.

Environmental smell manipulation.Three identical laboratory rooms were
used to expose the participants to control (no manipulation), pleasant (apple
fragrance scented room), and unpleasant (faecal and putrid room) environ-
mental smells in a counterbalanced within-subject design. The ambiance of
the rooms began one day before testing. Two “Air Wick Air Freshener Essen-
tial Mist” devices delivered a continuous apple fragrance to the “pleasant”
room, whereas a conventional 40 cm diameter per 50 cm height bucket con-
taining 2 kg of bovine manure produced a continuous putrid smell into the
“unpleasant” room. Both the air fresheners and the bucket of manure were
out of sight. Each room was kept at a constant temperature of 24 degrees
Celsius. Three independent observers who were blind to the study confirmed
the pleasantness / unpleasantness of the environmental smell manipulation.

Apparatus. In each room, participants sat 80 cm far from a Full HD 21,5”
screen connected to a Dell OptiPlex 3070 (8 GB DDR4 2666 MHz RAM)
where the experimental instructions and stimuli were presented. A standard
keyboard (Dell KB522) was used for response collection.

Decision task. A Portuguese version of the task introduced by Beste and
colleagues (Beste et al., 2013) was employed to assess response decisions
under conflicting cues. The task comprised a block of 16 practice trials fol-
lowed by two blocks of 32 experimental trials each, with a short break in
between. In each trial, one of the following disyllabic colour words was pre-
sented at the centre of the screen: “azul” (blue), “verde” (green), “preto”
(black), “rosa” (pink). Those colour words were presented inside a rhomb
or a square and were printed either in the corresponding colour or in one of
the remainders. The geometrical shape served as cue to denote the task rule:
participants had to (a) read the word when it was surrounded by a square,
or (b) name the print color of the word when a rhombus was present. In any
case, participants were instructed to press the initial letter key of their desi-
red response as quickly as possible. If performance broke down, participants
were told to continue with the next stimulus presented. Inter-stimulus inte-
rvals were set to the latency of each response (up to a timeout of 1500 ms).
The whole task was controlled by a custom script written in Open Sesame
(Mathôt, Schreij and Theeuwes, 2012).

Procedure. Upon arrival at the laboratory, participants provided their
informed consent and basic demographic data. Participants were then assi-
gned to the decision task at one of the rooms according to the counterbala-
ncing plan. Upon task completion, participants would leave the room and rest
for 5minutes in the hallway before entering the next room. Instructions about
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the task demands were always given prior to the task. Participants were tested
three times in a simple within-subject factor (rooms) design, always supervi-
sed by one of the experimenters to prevent them to close their nostrils. All
testing was completed before the COVID-19 pandemic outbreak.

Data Reduction and Analysis. Response latencies were averaged to com-
pute the overall response time per experimental room. Errors (incorrect or
late responses) were averaged out, and the proportion of correct decisions per
experimental room was computed (c.f. Quelhas Martins, McIntyre and Ring,
2014). Repeated-measures ANOVA with the Greenhouse-Geisser correction
was applied to the data. The standard error of the mean (SEM) is illustra-
ted. The statistical significance level was set at p< 0.05 and all analyses were
performed with “IBM SPSS” version 20.

Experiment 2

Participants. 30 normosmic undergraduate students (12 males) with a mean
age of 19.9 (SD = 1.9) years volunteered to participate in exchange of a
shopping voucher raffle entry. The local ethical committee study approved
the study protocol.

Environmental smell manipulation. The same as in experiment 1.
Decision task.We modified an existing protocol (Reinoso Carvalho et al.,

2017). In each trial, three identical chocolate samples with the same dark
brown colour and volume (approximately 2.0 cm3) were presented wrapped
into coloured cellophane film. Three different colours (respectively, “red”,
“green”, and “blue”) of cellophane film were used to tag the proportions
of cocoa content (respectively, 40%, 50%, and 60%) of the chocolate sam-
ples. The aim of the task was to discriminate the sample with the highest
cocoa content. After each sample, the participant was instructed to wash
his/her mouth with warm water. Response latency was timed and it was defi-
ned as the interval from the third sample being eaten and the decision being
issued.

Procedure. The same as in experiment 1, apart from the task being
different.

Data Reduction and Analysis. The same as in experiment 1.

RESULTS

Experiment 1

Parallel action monitoring response times under distinct constant smells.
A repeated measures ANOVA indicated that performance latencies were
indistinguishable between the three rooms, F(2,74) = 0.13, p = .87
(Figure 1A).

Parallel action monitoring decisions under distinct constant smells.A repe-
ated measures ANOVA revealed that the task completed under an unpleasant
smell tended to outperform those accomplished under control and pleasant
smells, F(2,74) = 2.11, p = .13, η2 = .05 (Figure 1B). Post-hoc tests indicated
that such performance was marginally more accurate than those occurring
under the control (p= .07) and the pleasant smell (p= .11) conditions.
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Figure 1: Performance in the “Parallel action monitoring task”. While participants’
response time (A) was similar between rooms, their proportion of correct decisions
(B) was slightly improved (albeit not significantly) when the task was running at the
room with the unpleasant smell.

Figure 2: Performance in the “Cocoa taste-discrimination task”. Again, participants’
response time (A) was similar between rooms. However, the proportion of correct
decisions (B) was significantly improved when the task was running at the room with
the unpleasant smell. Note: * p< .05; ** p< .01.

Experiment 2

Cocoa taste-discrimination response times under distinct constant smells. A
repeated measures ANOVA detected no overall differences in response times
between the three rooms, F(2,54) = 1.38, p = .26 (Figure 2A).

Cocoa taste-discrimination decisions under distinct constant smells. A
repeatedmeasures ANOVAdetected a significant within-subject effect (room)
in the accuracy of cocoa taste-discrimination decisions, F(2,54) = 6.11,
p< .01, η2 = .19 (Figure 2B). Further, paired samples post-hoc tests confirmed
significantly more correct decisions at the unpleasant smell condition than
both the control [t(27)=3.67; p< .01] and the pleasant smell [t(27)=2.55;
p< .05] conditions.

CONCLUSION

The immediate effects of smells on cognition are usually hard to interpret due
to the inherent properties of chemosensory paradigms. Here, we presented
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two paradigms requiring decisions concurrent to orthonasal (experiment 1)
or retronasal (experiment 2) constant smells. As hypothesized, participants’
decisions revealed the greatest interference when the task implicated a cross-
modal taste-smell judgement (i.e., retronasal olfaction). Strikingly though,
we found that the constant “unpleasant” smell optimized the performance in
both tasks.

Considering these unexpected findings, several aspects are worth discus-
sing. First, smells primarily serve motivational drives. Therefore, it is possible
that the bitter taste of the chocolate samples with the highest cocoa con-
tent has matched the putrid smell at the “unpleasant” room condition to
increase arousal and to signal a hazardous environment. In other words, the
putrid smell would achieve contextual salience through a sensory congrue-
ncy process, just as if the brain would be “primed” by the smell to monitor
any noxious (i.e., poisonous) ingestion. On the one hand, this explanation is
compatible with evidence that supports the existence of an “episodic buffer”
which temporarily stores olfactory information to subserve ongoing tasks
(Zelano et al., 2009), and the improvement of working memory performa-
nce under conditions of moderate arousal (Quelhas Martins et al., 2013).
On the other hand, such prospect could also accommodate the coincident
trend of decisions accuracy in both tasks, regardless of their distinct leng-
ths. Specifically, the “Parallel action monitoring task” typically lasted for
3-4 minutes in each room whereas the “Cocoa taste-discrimination task”
lasted roughly for a mere 20 seconds per room. One could argue that the
participants might have habituated to the olfactory exposure by the second
block of the former of these tasks, thereby decreasing their levels of arousal.
Second, olfactory accuracy also changes as a function of the motivatio-
nal drive. Shanahan, Bhutani and Kahnt (2021) have recently shown that
individuals are less able to discriminate food-related smells when satiated
than during fasting. As such, we cannot rule out the possibility that the
“Cocoa taste-discrimination task” might have interfered with participants’
smell. However, it must be acknowledged that this task was very brief and
implied that the participant exhaled the vapours of the melted cocoa in each
trial.Moreover, any interindividual differences in taste would dissipate due to
the counterbalancing. Finally, we should acknowledge the likelihood of disti-
nct cognitive processes (“top-down” versus “bottom-up”) being allocated in
each task. In particular, the “Parallel action monitoring task” employed here
engages several “top-down” cognitive processes like vigilance, conflict moni-
toring, among others (Beste et al., 2013). Decisions which implicate such a
“cold cognition”might be less permeable to olfactory influences, particularly
during lengthy orthonasal exposures. Furthermore, smell interference in deci-
sion processes will probably be minimal when olfactory stimuli are unrelated
to the task.

In sum, these preliminary data indicate that decision-making processes are
susceptible to constant olfactory cues, a complex effect that warrants further
studies. Paradigms involving behavioural tasks with distinct exposure types
(orthonasal vs. retronasal) and lengths should be expanded with psychophy-
siological correlates to unravel the contributing weight of factors determining
the impact of smells in our decisions. In the coming years, “smellscape”design



Strategic Design for “Smellscapes”: Do Smells Get Into Our Decisions? 311

could be strategically targeted to contexts where decisions are an asset (e.g.,
operating rooms, court rooms, etc).
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