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ABSTRACT 

 

Despite the long-held notion that humans’ sense of olfaction is relatively primitive, the 

higher-level processing involved in human olfaction indicates that it is more complex than 

commonly thought. For example, the human olfactory system undergoes biological learning in 

the form of habituation whereby odor intensity perception decreases following prolonged 

exposure to an olfactory stimulus. Previous literature has explored in great depth the underlying 

mechanisms of orthonasal olfactory habituation, but the mechanisms of retronasal olfactory —

odor perception through the oral cavity—habituation has not been examined as thoroughly. For 

this reason, our study focuses on retronasal olfaction and the degree to which humans habituate 

to retronasal olfactory stimuli. We attempt to explore the behavioral and physiological effects of 

retronasal habitation through participants’ subjective odor intensity ratings in conjunction with 

their intranasal airflow patterns. Furthermore, we strive to examine the effects of odorant 

concentrations on habituation as well as the targeted olfactory and trigeminal pathways. Overall, 

the findings of this study have brought deeper insight into neurological and other physiological 

mechanisms associated with habituation and retronasal olfaction. 

 

INTRODUCTION 

 

Our central nervous system is often flooded with stimuli from all five senses. In order to 

filter through all these stimulations, the brain continually undergoes a process known as 

habituation. Habituation is a form of nonassociative behavioral learning and manifests as a 

decrement in reaction intensity upon prolonged exposure to a stimulus (1). The underlying 

mechanism of short-term habituation has roots in a phenomenon known as presynaptic 

depression, a phenomenon where voltage-gated calcium channels release less calcium in the 

presynaptic terminal of a neuron, causing less neurotransmitters to enter the synaptic cleft, 

leading to the postsynaptic motor neuron reacting with less intensity. (2, 3, 4). Several factors 

affect the rate and duration of habituation; weaker stimuli yield a more pronounced habituation 

than stronger stimuli, quicker intertrial intervals (ITIs) expedite habituation, repetition of 

habituation sessions lead to quicker periods of habituation, etc. (5, 6). Habituation can occur as a 

result of a wide variety of stimuli in almost every pathway, including those of human olfaction. 

 

Olfactory Mechanisms 

 

Odorants of any kind ultimately arrive at receptors on the roof or inferior portion of 

human nasal cavities and do so via one of two pathways: orthonasal or retronasal. The former 

externally detects odors and delivers odorant molecules directly to the sensory epithelium within 

https://www.frontiersin.org/articles/10.3389/fnint.2014.00013/full
https://link.springer.com/article/10.1186/1471-2202-7-38
https://www.jbc.org/article/S0021-9258(20)67296-9/fulltext
https://www.cell.com/neuron/pdfExtended/S0896-6273(18)30628-7
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https://pubmed.ncbi.nlm.nih.gov/18854219/
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the nasal cavity, wherein the odorant percept is formed upon inhalation; the latter detects 

odorants internally and delivers odorant molecules indirectly to the sensory epithelium via the 

nasopharynx upon chewing or swallowing, wherein the odorant percept is formed upon 

exhalation (7). The “Duality of Smell” dogma claims a difference in perception between these 

two pathways due to distinct neural processing (8).  

 

The function of the human olfactory context can most effectively be understood as a 

linear biological cascade, from the reception of chemical stimulants to the activation of certain 

higher-processing centers (9). Odorant molecules from an individual’s surrounding environment 

enter the mucosal olfactory epithelium in the nasal passage, activating olfactory receptor neurons 

that signal directly to the olfactory bulb located on the ventral surface of the forebrain. 

Subsequent signaling occurs from the olfactory bulb to the piriform cortex in the temporal lobe, 

in addition to the hypothalamus and amygdala regions of the forebrain. The piriform cortex, 

orbitofrontal cortex, and entorhinal cortex located in the brain play a large role in this olfactory 

processing (9). As the specifics of further higher-processing of these olfactory signals are 

currently only postulatory, the complexities of the human olfactory system still require further 

investigation in order to fully understand the anatomical and psychological proceedings. 

However, these central olfactory brain regions help with immediate processing and may provide 

higher cognitive power in favor of the argument on the complexity of human olfaction. Another 

contributing factor is the human brain’s synaptic plasticity, which is its ability to form new 

connections among and between neurons and is the basis of our ability to learn and form 

memories (10). In the case of olfactory learning, neural connections will form between the 

hippocampus and the olfactory sensory cortex.  

 

Human odor perception is also closely linked to the trigeminal system (11) both at the 

peripheral and central levels. Chemosensory cells line the surface of the nasal cavity and 

stimulate the trigeminal nerve fibers which end just below the same surface. Despite this, it has 

been shown that odorants with greater trigeminal properties produce lower habituation responses 

(12). In this study, the use of peppermint odorant solution stimulates both the olfactory epithelial 

receptors and the trigeminal system’s chemosensory nerve fibers (13). Vanillin, on the other 

hand, does not stimulate the trigeminal system. Thus, both vanillin and peppermint were used in 

this study to evaluate how habituation progresses with two odorants of different properties. 

 

Related Studies 

 

 In the context of behavioral measures, previous studies have shown that when 

participants are continuously exposed to an odorant at a constant concentration, reported odor 

intensity ratings decrease over time in both orthonasal and retronasal habituation studies (14). A 

2021 study by Xiao et al. demonstrated that participants reported a significant decrease in 

odorant intensity ratings for both 50% phenethyl alcohol (PEA) and 5% n-butyl acetate (BA) 

over a span of 10 minutes, with orthonasal pathways exhibiting a faster habituation response 

(14).  

 

Previous research has revealed certain features concerning olfactory habituation. 

Behaviorally, Xiao et al. reported cross habituation between the orthonasal and retronasal 

pathways and strong independent habituation within each pathway. In Xiao’s study, a total of 68 

https://jamanetwork.com/journals/jamaotolaryngology/article-abstract/602535
https://link.springer.com/article/10.3758/BF03202667
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/journal/paperinformation.aspx?paperid=76987
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/journal/paperinformation.aspx?paperid=76987
https://www.sciencedirect.com/science/article/pii/S0006322316327743?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17150985/
https://www.nature.com/articles/srep41047
https://pubs.acs.org/doi/full/10.1021/cn100102c
https://jps.biomedcentral.com/articles/10.1186/s12576-021-00822-0#Fig1
https://jps.biomedcentral.com/articles/10.1186/s12576-021-00822-0#Fig1
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participants were stimulated with a constant airflow of an odorant containing 50% phenethyl 

alcohol or 5% n-butyl acetate retronasally or orthonasally. They were then tasked with rating the 

odor on a scale of 0-10 every minute until the odor disappeared. The results of the study showed 

a trend where the intensity ratings first significantly decreased and then the rate of decrease 

gradually slowed down. Furthermore, orthonasal olfaction ratings decreased faster than the 

retronasal olfaction and this was most pronounced in female participants (14). 

 

 Studies of neural activity have shown that many brain regions, such as the piriform 

cortex, are involved in mediating olfactory habituation (15). The data present in Chaudhury et 

al., moreover, “support the idea that olfactory behavioral habituation can be mediated by a 

variety of neural phenomena operating at different timescales and located in different neural 

structures, including the olfactory bulb.” Usually, neural habituation, which depends on synaptic 

adaptation in the olfactory cortex, operates on much shorter timescales (tens of seconds) in 

comparison to behavioral expression of habituation, which runs on a timescale with intertrial 

intervals of several minutes (16). In addition, a study conducted by the Daegu Gyeongbuk 

Institute of Science and Technology found that the processing of the odor signal in the brain 

during odor habituation is asymmetrical according to EEG topographical data (15). Though there 

were decreases in brain activity as a result of habituation, it was found that these decreases were 

not uniform bilaterally (15). Findings have also shown that activity during odor habituation has 

mainly been found in the secondary olfactory cortex with limited activity in the right hemisphere 

(15).  

 

Though these neurological findings are pertinent, there has been minimal research done 

on the possible contribution that intranasal airflow modulations may have on olfactory 

habituation. Furthermore, while the results of the aforementioned studies have proven useful to 

the formation of our hypotheses, these studies all focused on orthonasal olfaction. Our study took 

a unique approach by studying retronasal olfaction through both behavioral and physiological 

measures by recording participants’ subjective odor intensity ratings over multiple trials while 

simultaneously monitoring their intranasal airflow patterns.  

 

Hypothesis 

 

We postulate that prolonged retronasal exposure to an odorant will induce neural 

habituation and physiological adaptation. Fluid samples with low concentrations of odorants will 

produce quicker short-term habituation compared to those with higher concentrations, as shown 

in earlier retronasal olfactory studies (17); we expect this result in both the trigeminal and pure 

olfactory stimulus. Given that prior studies have linked trigeminality with lower habituation, we 

also expect that, when exposed to the peppermint extract solutions, participants will experience 

relatively less habituation.  

 

We also expect systematic alterations in the two characteristics of retronasal airflow 

measured in this experiment: deglutition apnea duration and post-deglutitive pulse peak voltage. 

If the data exhibits a steady decrease in post-deglutitive air volume or in intensity of post-

deglutitive exhalation, perhaps the physiological adaptations reflect neural habituation. If a 

steady increase in said variables is observed, perhaps the physiological adaptations function as a 

compensatory mechanism to the decreased sensitivity to stimuli upon undergoing habituation. If 

https://jps.biomedcentral.com/articles/10.1186/s12576-021-00822-0
https://www.nature.com/articles/s41598-020-75263-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2919830/
https://www.nature.com/articles/s41598-020-75263-7
https://www.nature.com/articles/s41598-020-75263-7
https://www.nature.com/articles/s41598-020-75263-7
https://link.springer.com/article/10.1007/s12078-018-9254-x
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systemic alterations manifested, this would suggest that retronasal olfactory habituation is a 

combination of a neurological and other physiological mechanisms. On the other hand, the 

absence of a pattern in this preliminary data would suggest that retronasal olfactory habituation 

may occur in the absence of changes to nasal airflow. This would mean that olfactory habituation 

might be mediated by neurological pathways other than respiratory motor mechanisms or that 

our results were generally inconclusive (i.e. habituation did not occur at all). 

 

MATERIALS AND METHODS 

 

Subjects 

 

A within-subjects experimental design was adopted. Five participants (3 females and 2 

males) over the age of 18 were selected to be a part of the study. Members of protected 

populations, including minors, were not recruited. Individuals who qualified for the study were 

non smokers, had no smell or taste disorders, no allergies to any food flavorings, such as vanillin, 

no underlying health conditions that placed the participant at a higher risk of complications 

associated with COVID-19, and no history of heart disorders, such as congenital heart defects, 

coronary heart disease, or arrhythmia. Participants were not compensated to participate. The 

subjects gave a signed informed consent and were given a post-experiment debriefing form. 

Experimental protocol is in accordance with The Declaration of Helsinki and was approved by 

the Institutional Review Board of Drew University. 

 

Physiological Recording Procedures 

 

Methods were modeled after those reported elsewhere by Cousens et al. (under review). 

Physiological recording procedures were conducted to assess nasal airflow dynamics during 

intraoral fluid sampling. Nasal air pressure was assessed using a disposable nasal cannula (flared 

tip Model 1108, Central Infusion Alliance, Skokie, IL) typically used to deliver oxygen. The 

tubing was connected to a small, 5V pressure transducer (Wal front, 10PSI, Lewes, DE), and 

voltage output from the transducer was sent to a Cyton acquisition board. No oxygen was 

delivered. 

EMG signals were recorded using passive adhesive surface electrodes (Model 2560, 3M 

Healthcare, St. Paul, MN) self-applied by the participant with visual guidance from an 

experimenter. The skin surface was cleaned with an alcohol swab prior to application. Electrodes 

were positioned approximately 4 cm apart on either side of the hyoid bone; EMG activity is 

referred to here as parahyoid, as there is no differentiation between the suprahyoid or infrahyoid 

muscles. These positions enabled clear assessment of swallowing movements in self-

participation pilot recordings. All signals were digitized (250 Hz) and amplified (250 Hz24x; 

Cyton biosensing board) and sent via Bluetooth to a processor running OpenBCI acquisition 

software, which permits data visualization and storage. 

 

Stimuli and Behavioral Procedures 

 

On each trial, fluid samples were delivered to the oral cavity through a sterilized fluid 

sipper port and actively sampled by the participant with a disposable plastic straw. Samples were 

mixtures of distilled water and vanillin (CAS# 121-33-5, 99% ReagentPlus, Sigma-Aldrich, Inc., 
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St. Louis, MO) or peppermint extract (McCormick& Co., INC.). In addition, distilled water was 

used as a control stimulus. These stimuli were selected due to different patterns of activation of 

olfactory receptors within oral, nasal, and pharyngeal cavities.  

In order to measure each participant’s reaction to the stimulus, participants were asked to 

provide a subjective intensity rating between 1-10 at intervals of 0.5 following each sip of the 

mixture (1 - indetectable, 10 - overwhelmingly strong). Sample identity, volume, timing, 

sequence, and mixture were regulated by following the timing patterns of a programmed 

microcontroller (Arduino Uno.) Sampled stimulus concentrations (0.025% and 0.075%, w/v for 

vanillin; 20 and 40 drops/L – approximately 4μL/L and 8μL/L using a micropipette, respectively 

– for peppermint) of the flavorant were created by mixing volumes of the 0.1% vanillin solution 

with distilled water and directly adding the peppermint extract to distilled water.  

Both the nasal cannula and parahyoid electrodes were applied onto the participants 

according to the physiological procedures stated in the above section. The experiment was 

conducted in two sessions of three blocks each, with the first being the vanillin session and the 

second being the peppermint session. The blocks - consisting of either the control solution, the 

low-concentration solution, or the high-solution concentration - were sequenced as B-A-C, 

where A was the control block and B and C were the low and high concentration solutions, 

respectively. Given the need to prevent orthonasal sampling of stimulus volatiles, participants 

were instructed to follow a stereotyped sipping intake procedure for each session. Participants 

were instructed to breathe through the nose and maintain closure of the oropharyngeal opening 

except when swallowing. An auditory cue signaled the beginning of each trial, after which 

participants sipped fluid from the sipper port using a disposable straw. Participants were asked to 

swallow each fluid as soon as possible after intake and to avoid mastication to minimize passage 

of volatiles into the nasal cavity and reduce recording artifacts. After being given another 

auditory cue five seconds after the first sipping cue, participants provided a subjective intensity 

rating based on the 1-10 scale. They were given 8 seconds to respond with their intensity rating 

until the next auditory cue marked the beginning of the following trial. 

In order to become familiar with the stimuli and timing and develop a consistent intake 

sequence, participants were given an opportunity to sample the control stimulus during a ten-

trial, five minute acclimation trial block prior to data collection. Immediately preceding the start 

of each session, participants were given an initial, anchor sip of 0.05% vanillin or 30 drops/L 

(approximately 6μL peppermint extract/L), depending on the session, to establish a baseline 

subjective intensity rating of 5. Subsequent to this acclimation period, each session was 

conducted over three blocks of 20 trials (high and low-concentration solutions) or 10 trials 

(control solution), each carried out over a 4⅓ minute interval and separated by a one minute rest 

period. Furthermore, each session was separated by a two minute rest period, wherein 

participants were allowed to drink distilled water to cleanse their palate. Behavioral response 

values and latencies timed from sample onset were measured electronically and stored along 

with physiological data.  

Data Analysis Procedures 

 

Initial signal processing was carried out using Spike2 software (Cambridge Electronic 

Design, Cambridge, UK), and all subsequent analyses were conducted using custom scripts 
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written in Matlab (The Mathworks, Natick, MA). EMG signals were digitally bandpass filtered 

(65-120 Hz) with a 60 Hz notch filter, and RMS amplitude (40 ms time constant) was calculated.  

 

Nasal air pressure voltage values below the mode, which was the normalized deglutition 

apnea, were taken to reflect inward airflow and values above it to reflect outward airflow. In 

order to estimate the magnitude of post-deglutitive retronasal air flow across oral fluid 

conditions, respiration traces occurring immediately after the first occurrence of deglutition 

apnea - a period of time wherein the pharynx is closed, and thus, no air is exhaled or inhaled - 

were extracted on each trial, each trace consisting of a continuous sequence of voltage values 

beginning with the first value exceeding the mode (outward airflow) after deglutition apnea and 

ending with the first falling crossing of the mode (inward airflow); integration of this post-

deglutitive pulse correlates to the volume of air flow exhaled upon deglutition. Moreover, both 

the duration of the deglutition apnea and the peak voltage of the post-deglutitive pulse were 

measured to view any trends that may evince a compensation mechanism to habituation. 

Ultimately, in conjunction with the nasal air pressure, EMG signals from the electrodes on 

participants’ necks were recorded to observe correspondence between these two variables and 

the subjective intensity ratings (see Figure 2). 

 

Nasal pressure and EMG signals were extracted for thirteen second trial segments 

beginning with fluid onset. Only those trials for which peak swallowing-associated EMG (RMS 

amplitude > 5 SD) was identified for analysis. Comparison of retronasal airflow characteristics 

across conditions were conducted by comparing nasal pressure and EMG parahyoid signals 

during this period. 

 
Figure 1. The placement of the nasal cannula is shown in the upper image on the wall; the 

placement of the parahyoid electrodes on the throat is shown in the lower image on the 

wall; the sipper port and position of solution is shown on the anti-vibration platform.  
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RESULTS 

 

Behavioral Measures 

 

(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
Figure 2. Average Odorant Subjective Intensity Ratings by Trial across 5 Participants (D4, 

D5, D6, D7, D8). The slope of the corresponding best-fit lines was calculated to evaluate the 

change in perceived odor intensity for each block. 
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Figure 3. Average subjective intensity ratings over 20 trials for all solutions across 5 

participants.  

 

 As shown in Figure 3, for the water control blocks, the lines of best fit indicate a decrease 

in perceived odorant intensity, with m = -0.0232 (R2 = 0.394) and -0.0883 (R2 = 0.885) for 

control trial 1 and control trial 2, respectively. The vanillin block lines of best fit show a 

negligible decrease in perceived odorant intensity throughout the low vanillin block and a 

decrease in perceived odorant intensity throughout the high vanillin block, with m = -1.17x10-3 

(R2 = 0.003) and m = -0.0756 (R2 = 0.9), respectively. For the peppermint block, m = 0.04 (R2 = 

0.723) for the low concentration block and m = 9.55x10-3 (R2 = .103) for the high concentration 

block demonstrate that perceived odorant concentration somewhat increased when participants 

were repeatedly exposed to low-concentration peppermint and remained relatively constant 

during repeated exposure to high-concentration peppermint.  

 

Physiological Measures 

 

Our physiological recordings ultimately revealed no consistent trend among blocks or 

participants. For example, participant D6 (see Data Appendix Figure 8) experienced no trends 

whatsoever in their airflow rate maps between blocks of the same odorant. Exhalation intensities 

peaked, in some instances, within the middle trials and, in others, during the terminal trials. For 

some participants, such as participant D8 (see Figure 5 below), the peak post-deglutitive 

exhalations intensities appeared sporadic, often interspersed with both intense and shallow 

exhalations. Additionally, the volume of outward airflow following deglutition in D8 is evidently 

random. It is typically agreed upon by the scientific community that an R2 value of about 0.5 

provides significant correlation between the two graphs. Having said that, the R2 values of 

0.00737 and 0.054 for D8’s high vanillin and low peppermint pulse volume scatterplots, 

respectively, provides evidence to suggest that there does not exist a correlation between 

physiological modulation of pulse volume and neural habituation; similarly low R2 values were 

found among other participants’ and their physiological recordings.  

 



 

[4-9] 

  
Figure 4. Key features of the airflow rate maps. 

(a) (b) 

  
(c) (d) 

  
 

Figure 5. A vertical comparison between participant D8’s airflow rate maps and pulse 

volume scatterplots.  

 

DISCUSSION 

 

 Patterns have been observed from preliminary physiological and behavioral data in this 

pilot study through comparisons between responses to the low and high concentration solutions 



 

[4-10] 

of both the vanillin and peppermint blocks. Direct comparisons between the pure olfactory 

stimulus (vanillin) and trigeminal olfactory stimulus (peppermint extract) could not be made due 

to differences in concentration and physicochemical properties (vapor pressure, molecular mass) 

between the stimuli used in the two sessions.  

 

Behavioral Measures 

 

 Retronasal habituation can be observed through behavioral measures if perceived odor 

intensity decreases following repeated exposure to an olfactory stimulus. Based on previous 

studies on retronasal habituation, we expected lower concentration solutions of both the pure 

olfactory and trigeminal stimuli to induce greater signs of habituation compared to higher 

concentration solutions (17). We also expected the trigeminal stimulus (peppermint extract) to 

elicit minimal habituation according to the results presented in Sinding et al. (12). 

 

As shown in Figure 2 (c) and Figure 2 (d) for the blocks of the distilled water control 

solution, some participants reported intensity values that ranged from one to two throughout the 

trials, which was consistent with the taste of water on the intensity scale. For example, 

participant D8 remained relatively consistent with low ratings for the intensity of the water 

control blocks. However, other participants reported a higher odor intensity initially and lower 

odor intensity ratings as they progressed through the trials. For instance, participant D6 rated the 

initial intensity of the water control trials relatively high in comparison to the other participants 

and then gradually decreased their ratings. The initial high rating of odor intensity could have 

been a result of the lingering odorant presence on the olfactory receptors from the previous 

blocks of vanillin or peppermint. The noticeable decrease in perceived odor intensity of the 

distilled water control could have been due to the diffusion of odorants from the nasal cavity 

over time.  

 

In both the low concentration vanillin block and high concentration peppermint blocks 

(Figure 2 (a, f)), participants reported either a slight but negligible increase or decrease in 

perceived odor intensity as evidenced by the mean best-fit lines with m = -1.17x10-3 (R2 = 0.003) 

and m = 9.55x10-3 (R2 = .103), respectively. These results suggest that participants did not 

experience substantial retronasal habituation to both the low concentration vanillin and high 

concentration peppermint solution over the course of the 20 trials. A possible explanation for this 

observation could be that these types of odorants do not elicit olfactory habituation responses in 

humans.  

 

Figure 2 (e) shows that in the high concentration vanillin blocks, participants consistently 

reported progressively lower perceived odor intensity ratings throughout the 20 trials, with 

Figure 3 depicting the average m = -0.0883 (R2 = .885). While the m value is quite small, it was 

not expected that odor intensity ratings would decrease significantly over a 20 trial period. These 

results suggest that participants of this pilot study may have habituated to the high concentration 

vanillin, in contrast to their minimal response to the low concentration vanillin solution.  

 

The fact that we do not see a decrease in intensity ratings for high peppermint 

concentrations but do so for high vanillin concentrations suggests that the decrease for high 

https://link.springer.com/article/10.1007/s12078-018-9254-x
https://www.nature.com/articles/srep41047
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vanillin and thus indication for habituation is not due to experimenter expectancy effects 

(otherwise peppermint would have decreased as well). 

 

 In the low concentration peppermint solution trials, odor intensity ratings increased over 

time. From averaging these subjective measures (Figure 3), the line of best fit m value of 0.04 

(R2 = 0.723) suggests that participants exhibited signs of sensitization, where they demonstrated 

a progressively larger response to the low concentration peppermint stimulus throughout the 

block.  

 

Our results tentatively suggest that trigeminal and pure olfactory stimulants may have 

different habituation and sensitization pathways, but as stated previously, a direct comparison is 

not possible given the design of our pilot study.  

 

It is of importance to note that given the small sample size (5 participants), the data 

presented in this pilot study are preliminary and the patterns that we observed are not 

representative of the population as a whole. Furthermore, due to the pilot nature of this study, it 

is necessary to address that these reported findings do not provide enough information to deduce 

the effective response of the human olfactory pathway. By this token, it must be recognized that 

the results of this study in regards to the correlation of odorant concentration and timeframe of 

habituation fundamentally disagree with already acknowledged principles of retronasal olfaction 

(17). Specifically, the presence of a weaker stimulus should result in an accelerated rate of 

habituation, a claim with which the results of this study do not substantiate (17). Possible reasons 

for this discrepancy are outlined below in the “Experimental Bias and Error” section.  

 

Physiological Measures 

 

Among our collected physiological data, two variables were manipulated and analyzed 

via MatLab and Spike2 software: the pattern and intensity of nasal airflow (shown in the airflow 

rate maps (a) and (b) in Figure 5) and overall volume of post-deglutitive air exhaled (shown in 

the scatter plots (c) and (d) in Figure 5). Any sort of trend among blocks and/or between 

participants would have revealed valuable information regarding the correlation of physiological 

adaptations and olfactory habituation. Had there been a constant decrease, for instance, in the 

peak post-deglutitive exhalations (from red to yellow over trials in the airflow rate maps) or 

volume of air exhaled, perhaps our motor responses would reflect olfactory habituation. On the 

other hand, had there been a constant increase in said variables (from yellow to red over trials in 

the airflow rate maps), our physiological adaptations could be said to serve as compensatory 

mechanisms for the decreased sensitivity to odorants during habituation. However, neither of 

these two possibilities occurred; instead, the results were random and unrelated. 

 

That said, the lack of correlation between expected habituation and physiological 

adaptations is nevertheless significant. Such a finding implies that the location of the underlying 

changes behind habituation perhaps lie in the central nervous system (CNS), instead of being a 

result of physiological changes in nasal airflow patterns. Further research should be conducted to 

analyze other physiological parameters that were not analyzed in this study.  

 

Variable Correlation 

https://link.springer.com/article/10.1007/s12078-018-9254-x#citeas
https://link.springer.com/article/10.1007/s12078-018-9254-x#citeas
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Average intensity ratings for high concentrations of vanillin reflected a downwards trend 

whereas average intensity ratings for low concentrations of peppermint extract reflected an 

upwards trend. Within the sample group studied, this indicates overall habituation to high 

concentration vanillin and sensitization to low concentration peppermint extract. While the small 

sample size prevents us from reaching any founded conclusions, peppermint extract’s nature as a 

trigeminal stimulant warrants further study regarding how the presence or absence of 

trigeminality determines whether sensitization or habituation occurs in response to a stimulus. 

 

Experimental Bias and Error 

 

The structure of this study presented several limitations in our ability to interpret our 

results. The experiment’s habituation component relied on the participants’ subjective intensity 

ratings, allowing room for potential error. The time between the sip of the medium concentration 

anchor solution and the first sip of the low vanillin concentration solution could have impacted 

participants’ perceptions of the odorant concentration. A major concern throughout the 

experiment was the potential detriments of the fatigue that inevitably arises with the repetition of 

a monotonous task for nearly an hour. Indeed, some participants found themselves in a rhythm of 

repeating the same subjective intensity rating, thus yielding data unreflective of their true 

experience.  

 

Another potential source of error could have arisen from the scent of vanillin and 

peppermint solutions permeating throughout the small room used for the experiments. Thus, the 

airborne odorant molecules from sitting solutions could have stimulated the subjects to sense a 

greater concentration of odorant than present, receiving a mix of orthonasal olfaction from the 

room and retronasal olfaction from the solution being swallowed. Because of a limited choice of 

equipment, residual odorant molecules may also have remained in the participants’ nasal cavities 

or proximity (i.e. standing air or straw), interfering with the rate or degree of habituation and 

possibly allowing for cross contamination between the two odorants. Upon surveying the 

participants after their subsequent experiments, vanillin concentrations were said to have 

‘lingered in the throat’ longer as well, possibly causing participants to sense more vanillin than 

there was. Had this experiment taken place under a fume hood or in the presence of a ventilator, 

this potential limitation could have been avoided.  

 

Instrumental error may have occurred due to the use of the OpenBCI program, altering 

timing for retronasal olfaction, sensory adaptation, or possible relaxation time. Trials 

administered between participants also may not have been fully consistent due to instrumentation 

and inevitable personal changes due to an unregimented laboratory experiment administration. In 

addition, sharp voltage changes detected by EMG signals, such as from violent coughs or 

sneezes, caused the OpenBCI program to malfunction and stop data recording, causing some trial 

sets to end prematurely.  

 

Subsequently, without a mechanism to regulate the volume of each sip participants took 

for each trial, their subjective rating may have been affected by taking a rather larger or smaller 

sip than other participants involved in this study. By the same token, the varying volume and 

duration of each sip between participants would result in differences in airflow patterns that may 
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slightly delay onset of the odorant from participant to participant. It is also important to note trial 

variability between participants. Due to technical difficulties, a few trials ceased prematurely and 

participants were asked to return at another time. Their knowledge of some of the experiment 

proceedings pre-sampling may have influenced the reported data.   

 

 In the search for data supporting the established hypothesis, one cannot exclude the 

possibility of confirmation bias, or the aggregation of certain data to follow a desired trend (18). 

In knowing that the solution or presented stimulus was not changing between trials, participants 

perhaps subconsciously or consciously maintained relatively constant intensity ratings, 

regardless of whether they were true. Participants may also have exhibited observation bias when 

under stress, possibly choosing an answer unfaithful to their actual perception (19).   

 

 Order effects bias may also have played a role in the data due to the lack of a 

counterbalanced presentation of retronasal stimuli. By constantly giving participants vanillin 

solutions before the peppermint solutions, habituation may have played a larger role with vanillin 

concentrations. In addition, by always giving the participants a low concentration, then distilled 

water, and lastly a high concentration solution in that respective order, habituation may have 

been more pronounced in the higher concentrations. 

 

Limitations 

 

Participants were only given solutions of two different odorants - vanillin and peppermint 

extract. It would be intriguing to assess the habituation rates and threshold levels of a wide 

variety of odorants, inducing the possibility of a more inclusive analysis. Another aspect of the 

experiment that could be improved to yield more encompassing data would be to incorporate a 

greater number and variation of participants, which was limited due to time and availability 

constraints. Moreover, it is uncertain if the participants’ subjective ratings yielded truly accurate 

data concerning the degree of habituation without the support of any kind of 

electroencephalographic (EEG) imaging. Though the OpenBCI program was initially designed 

for EEG imaging, time constraints prevented any collection of EEG data, and instead only 

electromyography (EMG) signals were collected. Organizing participant scheduling and trial 

duration was also challenging due to limited time. Consequently, sample size and trial times 

were limited. Elongating the length of each trial by incorporating more samples could potentially 

help to generate more distinguishable habituation, and thus achieve more significant data. 

 

Future Iterations 

 

Future iterations of this study should focus on eliminating the aforementioned limitations 

to the subjective intensity ratings, especially the conscious and/or subconscious bias resulting 

from the knowledge that the stimulant concentration remains constant. A plausible solution to 

dispel this expectancy effect could employ the placebo effect: for example, a motor could 

“switch” between different solutions, some sort of visual disruption or auditory cues could imply 

a “switch,” or an outright claim of changing solutions could be made. It can be argued, however, 

that doing so would create an opposite expectancy effect: participants could have an impulse to 

provide different and sporadic intensity ratings. Eliminating this possibility nevertheless would 

dramatically increase the credibility of the data.  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0099557
https://www.bmj.com/content/344/bmj.e1119.long
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Moreover, future research concerning the effects of retronasal olfaction should explore 

more long-term habituation. Our blocks of less than five minutes perhaps limited the 

participants’ ability to actually form neuronal synapses and subsequent motor/physiological 

adaptations. Long-term habituation, on the other hand, would provide sufficient time for such 

transformations to occur. Additionally, future research concerning the route of retronasal 

olfaction - from the oral cavity through the pharynx to the nasal cavity and to the epithelium or 

trigeminal receptors - and associated habituation may consider having participants maintain a 

volume of a solution in their oral cavities without deglutition. Doing so would focus less on the 

physiological aspect of this study and more so on isolating retronasal habituation and its 

mechanism. 

 

 Additionally, comparing the mechanisms of the epithelium receptors and trigeminal 

receptors should also be explored. Our study’s structure and design innately limited any 

comparison between these two pathways. The fact that vanillin is a pure olfactory epithelium 

odorant and the relatively pungent peppermint odorant only activates the trigeminal receptors 

implies that any difference in habituation cannot be solely attributed to the difference in pathway 

but could lie in alternate explanations, some as simple as the difference in odorant intensity. 

Finding a method that resolves such restrictions in interpretations would accurately depict 

differences in habituation and other mechanisms between the two types of receptors. Ultimately, 

further research is required to better understand retronasal habituation and associated 

physiological effects.  

 

CONCLUSION  

  

In this pilot study, we evaluated the mechanism of retronasal habituation across five 

participants through physiological and subjective measures. While sample size and other biases 

were of concern, we were able to observe patterns that are deserving of further study in future 

experiments. Although no definitive subjective or physiological correlation to habituation was 

shown in regards to either the pure olfactory or trigeminal stimuli, it does not rule out the 

possibility of retronasal habituation occurring altogether. Our preliminary physiological results 

suggest a potential lack of retronasal olfactory habituation. However, due to our finding of slight 

behavioral habituation with the high concentration vanillin solution, there is more research to be 

done beyond the physiological aspect that we observed through this study, such as in the regions 

of the brain including the olfactory bulb and piriform cortex. Future research should conduct 

electroencephalographic (EEG) tests in order to directly test neural activity that may better 

reflect an adaptive response such as habituation. In addition, further exploration of the 

distinctions between the olfactory and trigeminal pathways may result in future findings that 

enhance our understanding of human olfaction. Other areas of complexity may be examined by 

using methods that test short-term versus long-term habituation. 

  

 The relevance and threshold of human olfactory ability has long been underestimated, 

which is why future research that explores the complexity of human olfaction may bring novel 

discoveries to light. Studies concerning olfaction may enable a shift in our perception of human 

sensory capabilities and the related neurological pathways and may provide a means for certain 

professionals to improve their olfaction. Additionally, increasing habituation studies may also 
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provide more insight into diseases and neuropsychiatric disorders that result in habituation 

abnormalities (20). As such, it is evident that the pursuit of further research into these topics may 

provide valuable insight and benefits toward a more complex understanding of human olfaction, 

sensory processing, and neurological adaptation. 
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DATA APPENDIX 

 

Subjective Odor Intensity Ratings 

  

(a) (b) 

  
D4 Low concentration vanillin slope: 0.00245 (R2 = 0.001) 

D4 Water I slope: 0.0182 (R2 = 0.068) 

D4 High concentration vanillin slope: -0.121 (R2 = 0.657) 

D4 Low concentration peppermint slope: 0.000752 (R2 = 0) 

D4 Water II slope: 0.0289 (R2 = 0.211) 

D4 High concentration peppermint slope: 0.0414 (R2 = 0.23) 

 

Figure 6. Participant D4’s subjective intensity ratings for (a) the vanillin blocks and (b) the 

peppermint blocks.  

 

(a) (b) 

  
D5 Low concentration vanillin slope: -0.0308 (R2 = 0.248) 

D5 Water I slope: 0.0273 (R2 = 0.273) 

D5 High concentration vanillin slope: -0.0594 (R2 = 0.345) 

D5 Low concentration peppermint slope: 0.0327 (R2 = 0.409) 

D5 Water II slope: -0.112 (R2 = 0.638) 

D5 High concentration peppermint slope: -0.00226 (R2 = 0.001) 

 

Figure 7. Participant D5’s subjective intensity ratings for (a) the vanillin blocks and (b) the 

peppermint blocks.  
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(a) (b) 

  
D6 Low concentration vanillin slope: 0.00113 (R2 = 0) 

D6 Water I slope: -0.106 (R2 = 0.538) 

D6 High concentration vanillin slope: -0.372 (R2 = 0.294) 

D6 Low concentration peppermint slope: 0.0387 (R2 = 0.19) 

D6 Water II slope: -0.0667 (R2 = 0.333) 

D6 High concentration peppermint slope: -0.0241 (R2 = 0.157) 

 

Figure 8. Participant D6’s subjective intensity ratings for (a) the vanillin blocks and (b) the 

peppermint blocks.  

 

 

(a) (b) 

  
D7 Low concentration vanillin slope: 0.05 (R2 = 0.607) 

D7 Water I slope: -0.0485 (R2 = 0.485) 

D7 High concentration vanillin slope: -0.143 (R2 = 0.607) 

D7 Low concentration peppermint slope: 0 (R2 = 1) 

D7 Water II slope: -0.0758 (R2 = 0.462) 

D7 High concentration peppermint slope: -0.0132 (R2 = 0.221) 

 

Figure 9. Participant D7’s subjective intensity ratings for (a) the vanillin blocks and (b) the 

peppermint blocks.  
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(a) (b) 

  
D8 Low concentration vanillin slope: -0.147 (R2 = 0.771) 

D8 Water I slope: -0.0545 (R2 = 0.273) 

D8 High concentration vanillin slope: -0.0545 (R2 = 0.614) 

D8 Low concentration peppermint slope: 0.128 (R2 = 0.671) 

D8 Water II slope: -0.242 (R2 = 0.866) 

D8 High concentration peppermint slope: 0.0447 (R2 = 0.314) 

 

Figure 10. Participant D8’s subjective intensity ratings for (a) the vanillin blocks  

and (b) the peppermint blocks 

a)

 

b)

 

c)

 

d) 
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e) 

 
 

f)

 

Figure 11. Participant D6’s airflow rate maps for (a, b) the vanillin data trials, (c, d) the 

peppermint trials, and (e, f) the water blocks 

 

 


