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Summary. This paper presents the results of an experiment that aimed to ana-
lyze whether the presence of an olfactory stimulus within a controlled environ-
ment influenced the learning process. Additionally, it was investigated whether
exposure to the olfactory stimulus during the encoding and storing of knowledge
activated cognitive connections that facilitated the retrieval process. Finally, it was
examined whether perceiving this stimulus during a test led to the recall of more
specific memories, including semantic, episodic, or implicit memory. Fourteen
students, comprising 3 men and 11 women, were recruited and divided equally
into a control group and an experimental group. The experiment took place in a
controlled laboratory environment on two different days, labelled Day 1 and Day
2, with each group experiencing different conditions. While no significant diffe-
rences were observed between the groups, self-assessment reports emphasized

the perceived importance of the olfactory sense. The author recommends further
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research on a larger scale to elucidate the complex relationship between olfactory
stimuli and memory processes. Despite its limitations, this study underscores the
significance of investigating the role of smell in memory formation, offering a
promising avenue for future research in psychology.

Keywords: olfactory sensory system; long-term memory; association; mea-

ningful learning; explicit memory; implicit memory; NMDA receptors; mGluR.
Introduction

It is widely known that students use different associative methods in order to
memorize concepts while studying, such as listening to music, consuming a spe-
cific drink, visiting the same place to review material, or even sitting in exactly
the same chair throughout the study cycle.! This study will focus on analyzing
whether the sense of smell - which is profoundly impactful when it comes to
retrieving memories due to its strong relationship with emotional experiences?
- could influence the facility to recall from memory, enhance academic perfor-
mance, and enrich meaningful learning.

The primary objective is to enrich cognitive processes so that the student can
process, encode, and recall the information provided in the classroom in a more
efficient way.

This is supported by a process in which more stimuli, which can be associated
with a greater number of neural networks, are created at the chemical/electrical
level in the brain (without interference and avoiding cognitive loads). Education
can be enriched through the activation of the senses’ — something that, particu-
larly with advancements in technology, has not seen sufficient prominence in

1 James W. Kalat. Biological psychology. Eleventh Edition, International Edition, (2013), 385. ISBN-13: 978-1-111-
83952-9.

2 Kenia M. Castellanos, Judith A. Hudson, Jeannette Haviland-Jones and Patricia J. Wilson, “Does exposure to
ambient odors influence the emotional content of memories?” The American Journal of Psychology 123(3) (2010):
269-279. Https://doi.org/10.5406/amerjpsyc.123.3.0269.

3 D. P Ausubel, Educational psychology: A cognitive view (Holt, Rinehart and Winston,1968).
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research.

The olfactory system has a strong connection with the hippocampal area, res-
ponsible for the ability to store memories.* For example, in one experiment car-
ried out among rats, it was possible to investigate the function of the olfactory
system, its inherent link to the basolateral amygdala (BLA), and its relationship
with memory consolidation. Suppressing synaptic connections with tetrodotoxin
(TTX) and reducing the sodium level of the neural cells seems to limit effective-
ness of memory, decreasing the associative-aversive quality of the consolidation
of memory under experimental conditions.” In this case, a possible connection
to the learning process in humans might be suggested, because the stimulation
of this area could indicate a better association when it comes to the encoding,
storage, as well as retrieval from long-term memory of content that has been nou-
rished with specific stimuli.® However, when those stimuli are unconscious, or if
attention is not being paid, there is significant doubt as to how much information
is being captured.

It is also well-known that the olfactory system may be more closely linked to
implicit (non-declarative) memory. Because of this, the associative system tends
to present activation with relational memory. This leads to the activation of neural
networks being linked to the association of an experience, therefore suggesting
the activation of explicit memory. As a result, this could even result in the recall
of memories from childhood. This system is an evolutionary mechanism that

emerged in order to detect food, sex, or danger (such as poisonous substances in

4 Zhou G, Olofsson JK, Koubeissi MZ, Menelaou G, Rosenow J, Schuele SU, Xu P, Voss JL, Lane G, Zelano
C. “Human hippocampal connectivity is stronger in olfaction than other sensory systems”, Prog Neurobiol
(2021). Jun;201:102027. Doi: 10.1016/j.pneurobio.2021.102027. Epub 2021 Feb 25. PMID: 33640412; PMCID:
PMC8096712.

5 Kilpatrick, L. and Cahill, L., “Modulation of memory consolidation for olfactory learning by reversible inacti-
vation of the basolateral amygdala’, Behavioral Neuroscience 117(1), (2003): 184-188. https://doi-org.skaitykla.
mruni.eu/10.1037/0735-7044.117.1.184.

6  Terry, W. S., Learning and Memory: Basic Principles, Processes, and Procedures (3th ed.) (Perceptual Learning,
2006), 39.
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the TTX experiment).
Furthermore, it is relevant to investigate how olfactory memory can be captu-

red and deployed for strategic use within the proposed theoretical framework.”
1. Endocrinology Bases

In the realm of endocrinology, there are some relationships that have not yet
been explored. Glutamate, for example, may be involved in the stimulation of the
olfactory system,® and it is well known that this neurotransmitter plays a funda-
mental role in neuronal excitation for the learning process by allowing plasticity.

There are three classifications of glutamate receptors; 1) N-methyl-D-asparta-
te (NMDA), with evidence demonstrating its impact on the learning process’; 2)
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), the function
of which is to mediate glutamatergic synaptic transmission and plasticity, suppor-
ting the notion of homeostatic regulation in the system'?; and 3) Metabotropic
Glutamate Receptors (mGluR), which are most closely linked to the olfactory
system. Despite some indications that the latter do not contribute significantly to
the acquisition of new information, they have a strong link with the formation of
memory through consolidation." In one experiment, a blockade of NMDA and
AMPA receptors was carried out to observe the synaptic reaction under these
effects. The results indicated that the presynaptic signal was affected and not the
postsynaptic, suggesting that the activation involved mGIuRS5.

These types of receptors have different classifications with distinct ionotropic

7 Morgado Bernal, I, “Psychobiology of learning and memory”, (2005).

8 Hayashi, Y., Momiyama, A., Takahashi, T. et al., “Role of a metabotropic glutamate receptor in synaptic modu-
lation in the accessory olfactory bulb’, Nature (1993): 366, 687-690. https://doi.org/10.1038/366687a0.

9 Riedel, G, Platt, B. and Micheau, J., “Glutamate receptor function in learning and memory”, Behavioural Brain
Research 140(1-2) (2003): 1-47. https://doi.org/10.1016/S0166-4328(02)00272-3.

10 Royo M, Escolano BA, Madrigal MP, Jurado S., AMPA Receptor Function in Hypothalamic Synapses”, Front
Synaptic Neurosci (2022 Jan 31;14:833449). doi: 10.3389/fnsyn.2022.833449. PMID: 35173598; PMCID:
PMC8842481.

11 Riedel, Platt and Micheau, op. cit., 9: 1-47.
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or metabotropic functions. Common examples of ionotropic receptors inclu-
de neurotransmitter receptors such as the NMDA receptor and the nicotinic
acetylcholine receptor, which are also classified into three groups: I (mGluR1/
mGluR5), II (mGluR2/mGluR3), and III (mGluR4/mGluR6). Additionally,
the intensity of the odors increases blood flow and speed for approximately 2
seconds, which increases the excitability of the organism. In this case, it would be
evaluated as the same model for motivation through the included stimulus due to
the sensitivity that this connection of afferent neurons has.

Furthermore, it is prudent to understand that these astrocyte reaction proces-
ses may suggest electrical potentials as glutamate sensors."

Among amino acids that affect memory, it is notable that Cholecystokinin
(CCK), a peptide originally discovered in the gastrointestinal tract, is one of the
most abundant and widely distributed neuropeptides in the brain. Specifically,
CCK is located in the hippocampus, amygdala, septum, olfactory tubercles, cau-
dates nucleus and the hypothalamus. In addition to its multiple roles as a neuro-
transmitter, CCK and its receptors (CCK1R and CCK2R) have been implicated
in a diverse array of behaviors, such as learning, memory, nociception, feeding,
and satiety. Despite its prevalence, recent evidence suggests that CCK influences
intrinsic neuronal activity and synaptic communication in a remarkably specific
manner depending on cell type, serving as a pivotal molecular mechanism that
governs the operational performance of neuronal networks. Indeed, it is now evi-
dent that CCK plays a crucial role in a variety of typical behaviors such as lear-

ning and memory."> '

12 Shepherd, G. M., & Charpak, S. “The olfactory glomerulus: A model for neuro-glio-vascular biology”, Neuron
58(6) (2008): 827-829. https://doi.org/10.1016/j.neuron.2008.06.005

13 Lee SY, Soltesz L., “Cholecystokinin: a multi-functional molecular switch of neuronal circuits”, Dev Neurobiol
71(1) (2011 Jan 1): 83-91. doi: 10.1002/dneu.20815. PMID: 21154912; PMCID: PMC3005241.

14 Palouzier-Paulignan B, Lacroix MC, Aimé P, Baly C, Caillol M, Congar P, Julliard AK, Tucker K, Fadool DA. ,,0l-
faction under metabolic influences”, Chem Senses 37(9) (2012 Nov):769-97. doi: 10.1093/chemse/bjs059. Epub
2012 Jul 25. PMID: 22832483; PMCID: PMC3529618.
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Types of Odor

To begin to evaluate the types of odors to be used, we first measured various
factors that can cause different effects, where experimental studies have shown
that there are various success thresholds.!” It was then pertinent to review the
following effects: intensity scale, hedonic scale, odor identification, threshold
detection, discrimination between odors, and duration of perception. Therefo-
re, certain types of aromas were included in the classroom. Despite representing
high stimulatory levels, these odors may not show positive effects of associations
or might even exhibit distaste for permanence in the same classroom. It is impor-
tant to take into account the subjective experience of the subject, in case there
are previous relationships with odors in the past that may suggest relationships
already formed with the stimulus.'s

Among other studies found, there is available data for experimental subjects’
reactions when they were categorized depending of the intensity and pleasan-
tness. Additionally, mixed odors were tested together to find combination betwe-
en them as a new odor, giving inside of subjective appraisal of varied aromas.

Study Goal

The goal of this study is to compare differences between groups with olfacto-
ry stimuli within a controlled environment and those without. Additionally, the
attempt is made to determine whether individual relevant variables could poten-
tially affect the experiment.

Hypothesis

Students who will be subjected to the odor stimuli will have easier access to

long-term memories of the studied content.

15 Nawroth JC, Greer CA, Chen WR, Laughlin SB, Shepherd GM, “An energy budget for the olfactory glomerulus’,
J Neurosci 27(36) (2007 Sep 5): 9790-800. doi: 10.1523/JNEUROSCI.1415-07.2007. PMID: 17804639; PMCID:
PMC6672954.

16 Ibid. Ma, Yue, Ke Tang, Yan Xu, and Thierry Thomas-Danguin. “A Dataset on Odor Intensity and Odor Pleasan-
tness of 222 Binary Mixtures of 72 Key Food Odorants Rated by a Sensory Panel of 30 Trained Assessors.” Data
in Brief 36 (2021): 107143. https://doi.org/10.1016/j.dib.2021.107143.
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2. Method

Participants

Fourteen university students, ranging in age from 18 to 26 years old, were
recruited for the study. Among them, 3 were male and 11 were female. Randomi-
zed selection sampling was established.

Exclusion criteria

The study excluded any participants who:

a) did not agree to participate in the experiment; b) suffered from degenerati-
ve olfactory diseases; ¢) exhibited hyperosmia and could not tolerate the odor in
the classroom; d) had academic or learning difficulties that the evaluation of the
experiment may aggravate; or e) had allergies to any ingredient in the products
being evaluated.

Materials

In this first class, the slides presented A1l level material in Spanish. A test was
generated by the researcher from words that were learned on Day 1 and Day 2
of the experiment (Annex 1), with 7 single-answer, multiple-choice questions. A
self-assessment form with relevant information was used to determine individual
differences and perceptions on the part of the subjects (Annex 2). A humidifier
with vanilla essence soluble in water solution was used alongside incense candles
with vanilla essence.

Design

The experiment was carried out under laboratory control conditions on two
different days. The test took place in room I-323 of the psychology laboratory
within Mykolas Romeris University under the proper permissions of the super-
visor in charge of the space. It was carried out in two different isolated groups,
divided into an experimental group with 7 participants and a control group with

7 participants. Vanilla essence was used due to its general status as a tolerable and
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pleasant stimulus for the population, as well as its ease of access in various forms.

The experimental group was given the fragrance stimulus via a humidifier
device, in which the water-soluble vanilla fragrance was incorporated, and a lit
incense candle. The control group was also supplied with the humidifying device,
but without fragrance, and the candle was not lit. The intention of supplying the
device and leaving an unlit candle with the control group was to avoid informa-
tion exchange between the members of the experiment and to reduce the possi-
bility that the members might guess the purpose of the experiment. Instead, they
may have believed that the intention of the experiment was to assess whether the
deliberate error method promotes meaningful learning.

The content was taught through concept-error (deliberate erring),”” which is a
new cognitive learning method to improve student performance that could be be-
neficial for the subjects. An introductory lesson in Spanish was given that focused
on learning the first module of the acquisition of base knowledge A1.

The criterion evaluated was the content learned during the lesson, which was
assessed through an elementary Spanish test in order to measure on a quantitative
scale what had been learned in the class. After completing the test, a self-assess-
ment form (olfactory form) was sent electronically to the subjects’ mobile devices
to investigate individual differences in order to collect relevant theoretical data
(demographic information, reading problems, self-perceived types of learning,
most sensitive sense, language skills, and perception of the impact of the olfactory
system on the memory). At the end of the experiment, the participants were in-
formed of the intention of the research in order to obtain extra data or ideas that
may be useful for future research or later debriefs.

Procedure. Students were recruited one by one and invited to participa-

te around Mykolas Romeris University in order to ensure the participation of

17 Wong, S. S. H. and Lim, S. W. H., “Deliberate errors promote meaningful learning”, Journal of Educational
Psychology 114(8) (2022): 1817.
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subjects within the planned sample ages, with the incentive of a free Spanish class
and pizza at the end of the experiment. The control and experimental group expe-
riments were carried out on the same days in order to facilitate time availability
and cofounding variables such as time of day. The two different days were divided
as follows: 1) Day 1 - classes and quizzes took place; 2) Day 2 - final evaluation
and filling out of the self-assessment form.

Day 1 of the experiment was carried out on December 8, 2023, and the ti-
mes were assigned as follows: Group 1 (control) from 16:15 to 16:45; Group 2
(experimental) from 16:45 to 17:15. Day 2 of the experiment was carried out on
December 12, 2023, as follows: Group 1 (control) from 16:15 to 16:45; Group 2
(experimental) from 16:45 to 17:15.

Four different samples and the self-assessment data forms were taken for ana-
lysis, consisting of Day 1 (classes and quizzes) and Day 2 (final evaluation/self-
assessment) data for the control and experimental group. The participants were
not informed that they had taken the same exam.

Day 1 - classes and quizzes

The humidifier and the incense candle were located on a table in front of the
class. For the control group, the humidifier was turned on without the essence.
All participants arrived on time on Day 1.

When the control group left, the device was activated and the incense candles
were lit before the experimental group arrived.

Both Spanish lessons were conducted as similarly as possible in order to redu-
ce external variables. An introduction to the Derring Effect — “deliberate errors
promote meaningful learning”® — was given in order to implement it during the
lesson, in which students had to make mistakes on purpose in their notes and
then write the correct information next to them. An example of this is as follows:

“Cual es tu profesion?” (“What is your profession?”); “Yo-ser-unfa—estudiante”

18 Wong and Lim, supra note, 17.

57



MOKSLINES MINTIES SVENTE 2024

(“Fbeanstudent®); “Soy estudiante” (“I'm a student”). The following language
exchanges were covered: “Greetings, what is your name?”; “How are you?”; “What
is your profession?”; “How old are you?”; “Where are you from?”; “Do you have
pets?” Once the lesson was over, the quiz was administered to help reinforce the
concepts learned and to take the first baseline of the measurement that was going
to be analyzed. The Day 1 samples were collected from each group. The students
were then informed that what they had learned would be evaluated and they were
dismissed. The participants could review their notes if they wished before the fi-
nal evaluation in Day 2, trying to recreate as realistically as possible a simulation
of a class that was going to be evaluated.

Day 2 (final evaluation/self-assessment)

The essence devices were located in the same way. As the control group en-
tered the laboratory, they were given final evaluation sheets, and they were mo-
nitored as they completed them to ensure that there was no copying between
members. Once the tests had been completed, they were collected, forming the
Day 2 samples. The self-assessment form was then distributed via a link using
Google Forms, and it was asked that participants fill it out with total honesty with
the purpose of exploring individual differences that could affect the experiment
results. Completed tests were then stored in Google Forms. The experiment was
disclosed to the participants in order to collect feedback while pizza was distri-
buted. Two participants from the experimental group could not assist on Day 2.
Nonetheless, the experiment continued as normal with the experimental group,
and the same process was repeated with one key difference: the fragrance was
activated and the candle was lit before the group entered the room. After the
study was finished, all data was collected for analysis (Day 1 experimental and
control group quizzes, Day 2 experimental and control group final evaluations,
and the self-assessment forms from both groups). This data was stored and kept

confidential, and the results were reported to all experiment participants.
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Analysis procedures. Two types of comparison were applied: a) Experiment
Grades Performance (EGP), where the number of correct answers was measured;
and b) Counting Same Answer (CSA), where it was measured whether the parti-
cipants responded in the same way from Day 1 to Day 2. Additionally, an explo-
ratory “Olfactory Self-assessment Form” (OF) questionnaire was carried out to

obtain information on the individual difference variables.
3. Results

The experiment focused on testing the hypothesis of whether students subjec-
ted to the odor stimulus would have easier access to their long-term memories of
the studied content. An independent sample Mann-Whitney U test was perfor-
med to measure differences between groups in EGP. The analysis revealed no si-
gnificant improvement for the performance of the experimental group compared
to the control group. CSA investigated whether consistency in responses between
Day 1 and Day 2 could be indicative of automatic response tendencies within the
hypothesis. The Mann-Whitney test was applied for independent samples. This
test allowed the mean values of the control and experimental groups to be com-
pared to determine whether the control group suggested less CSA than the expe-
rimental group. No substantial improvement in the performance of the experi-
mental group compared to the control group was found.

Additionally, in the analysis of the OF, it was found that relevant variables
could affect the experiment due to individual differences among participants.
Particularly, the self-perception of the impact of the olfactory system on memo-
ry played significant roles in individual performance responses. An independent
sample Mann-Whitney U test was performed to measure differences in implicit
memory between groups, revealing significant differences.

Finally, an analysis of all subjects was carried out. The Friedmann test was

applied in order to measure whether there were significant differences between
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the selection of the three types of memory between all participants, revealing

significant differences.

Table 1 Descriptive statistics of EGP

Descriptive statistics measure Group Grade Day 1 Grade Day 2
N Control 7 7
Experimental 7 5
Missing Control 0 0
Experimental 0 2
Mean Control 6.43 6.71
Experimental 6.00 5.80
Standard deviation Control 0.535 0.488
Experimental 0.816 0.837
Shapiro-Wilk W Control 0.664 0.600
Experimental 0.858 0.881
Shapiro-Wilk p Control 0.001 <0.001
N Experimental 0.144 0.314

In the control group, the vanilla olfactory stimulus was not presented, whereas
in the experimental group, the olfactory stimulus was presented. Two missing
values were observed in the Day 2 grades of the experimental group due to the
absence of two participants. For the control group, Day 1 and Day 2 grade data
are reported as N= 7, M = 6.43, SD = 0.535,and N =7, M = 6.71, SD = 0.488,
respectively. In contrast, for the experimental group, Day 1 and Day 2 grade data
are N=7, M =6.00, SD = 0.816, and N = 5, M = 5.80, SD = 0.837, respectively.
Regarding the distribution of the samples, it was found that the data in the control
group significantly deviates from a normal distribution in Day 1 and Day 2 grade
data (p = 0.001 and p < 0.001, respectively). Conversely, the data in the experi-
mental group does not significantly deviate from a normal distribution in Day 1

or Day 2 grade data (p = 0.144 and p = 0.314, respectively).
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Table 2 Mann-Whitney U test comparing EGP between Day 1 and Day 2

U value p value
Grade Performance Day 1 17.0 0.869
Grade Performance Day 2 11.0 0.979

The p value for the Mann-Whitney U test in Day 1 (p = 0.869), suggests no
statistically significant better performance for the experimental group over the
control group. Similarly, the p value for Day 2 (p = 0.979), indicates no substantial

improvement for the performance of the experimental group over the control

group.

Table 3 Shapiro-Wilk normality distribution assumption of Mann-Whitney

U test for EGP

W value p value
Grade Performance Day 1 0.922 0.235
Grade Performance Day 2 0.888 0.092

The p-value for EGP on Day 1 (p = 0.235), suggests no significant deviation
from a normal distribution. The p value for EGP on Day 2 (p = 0.092), indicates

no substantial deviation from a normal distribution.

Table 4 Descriptive statistics of CSA on a 1-7 scale

Descriptive statistics measure Group Same Answer
N Control 7
Experimental 5
Missing Control 0
Experimental 2
Mean Control 6.43
Experimental 5.00
Standard deviation Control 0.976
Experimental 2.00
Minimum Control 5.00
Experimental 3.00
Maximum Control 7.00
Experimental 7.00
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Shapiro-Wilk W Control 0.600
Experimental 0.821

Shapiro-Wilk p Control <0.001
Experimental 0.119

Two missing values are present in the experimental group due the absence
of two participants. The grading method was as follows: —1 points if the answer
was different on Day 1 than on Day 2, and +1 points if the answer was the same
on Day 1 as on Day 2. The control group reported N = 7, M = 6.43, SD = 0.976,
while the experimental group reported N =5, M = 5.00, SD = 2.00 on a scale from
1 (minimum matched answers) to 7 (maximum matched answers). The data in
the control group significantly deviates from a normal distribution (p < 0.001),
whereas the data in the experimental group does not significantly deviate from a

normal distribution (p = 0.119).

Table 5 Mann-Whitney U test comparing CSA scores between Day 1 and Day 2

U value p value
CSA between Day 1 and Day 2 10.0 0.929

The statistical test involved the Mann-Whitney U test for independent sam-
ples due the non-normal distribution. The p value for the Mann-Whitney U test
of CSA was p = 0.875, suggesting no statistically significant better performance

for the experimental group over the control group.

Table 6 OF descriptive statistics regarding type of memory

Descriptive Group Episodic Semantic  Implicit Same

statistics Answer

N Control 7 7 7 7
Experimental 7 7 7 5

Missing Control 0 0 0 0
Experimental 0 0 0 2

Mean Control 3.57 2.86 4.14 6.43
Experimental 3.86 2.86 3.14 5.00
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Standard Control 0.787 0.690 0.378 0.976
deviation

Experimental 0.900 0.690 0.690 2.00

In this section, all participants completed the form, including the two subjects
who could not attend Day 2 of the experiment. It can be observed that individuals
from the control group and the experimental group have a different appreciation
of the impact of the olfactory system on the type of memory. The results indi-
cate that the experimental group (M = 3.86, SD = 0.900) attributed slightly gre-
ater importance to episodic memory compared to the control group (M = 3.57,
SD = 0.787). Both groups rated semantic memory equally (M = 2.86, SD = 0.690),
while the control group (M = 4.14, SD = 0.378) assigned a higher importance to
implicit memory compared to the experimental group (M = 3.14, SD = 0.690).
The data from the same answer reports of the control group (N = 7, M = 6.43,
SD = 0.976) and the experimental group (N =5, M = 5.00, SD = 2.00) are reitera-

ted to extrapolate further results.

Table 7 Descriptive statistics of most sensitive sense and type of memory

Descriptive ~ Group Most Sensitive Episodic Semantic Implicit
statistics Sense Memory Memory Memory
Mean Control Hearing 3.50 3.00 4.00
Sight 3.50 2.50 4.50
Smell 5.00 4.00 4.00
Experimental Hearing 4.50 3.50 3.50
Sight 3.50 2.50 3.00
Smell 4.00 2.50 3.50

Considering the fact that the sensitivity of sensory modality correlates with
the amount of information being processed, this consequently influences the type
of memory engaged. Among respondents, the most frequently reported sensitive
senses were hearing, sight and smell. It can be observed that individuals who
identified themselves as having heightened sensitivity indicated that the olfactory

system exerts the greatest influence on the associated measures, as evaluated on a
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scale ranging from 1 to 5.

For the control group, the following measures were found: Hearing (M = 3.50
for episodic memory, M = 3.00 for semantic memory, M = 4.00 for implicit me-
mory); Sight (M = 3.50 for episodic memory, M = 2.50 for semantic memory,
M = 4.50 for implicit memory); Smell (M = 5.00 for episodic memory, M = 4.00
for semantic memory, M = 4.00 for implicit memory).

For the experimental group, the following measures were found: Hearing
(M = 4.50 for episodic memory, M = 3.50 for semantic memory, M = 3.50 for
implicit memory); Sight (M = 3.50 for episodic memory, M = 2.50 for semantic
memory, M = 3.00 for implicit memory); Smell (M = 4.00 for episodic memory,

M = 2.50 for semantic memory, M = 3.50 for implicit memory).

Table 8 Mann-Whitney U test comparing implicit memory across the control

and experimental groups

U value p value
Implicit Memory 6.0 0.010

Since a variance in implicit memory was detected, Tables 6 and 7 depict the
results of the Mann-Whitney U test. The p value for the Mann-Whitney U test
with implicit memory as a dependent variable versus groups is p = 0.010, sugges-
ting a statistically significant difference between the experimental group and the

control group.
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Table 9 Descriptive statistics illustrating the impact of OF on individual

differences
Descriptive Most Sensitive  Episodic Semantic Implicit
statistics Sense Memory Memory Memory
N Hearing 4 4 4
Sight 4 4 4
Smell 3 3 3
Spatial 1 1 1
Taste 1 1 1
Touch 1 1 1
Mean Hearing 4.00 3.25 3.75
Sight 3.50 2.50 3.75
Smell 4.33 3.00 3.67
Spatial 3.00 2.00 4.00
Taste 3.00 3.00 4.00
Touch 3.00 3.00 2.00

Because a more developed sense can affect the amount of information percei-
ved by the individual and consequently its impact on memory, subjective factors
of the subjects’ own perception were measured. This research shows that indivi-
duals who identified themselves as having heightened sensitivity tend to attribute
the strongest influence to the olfactory system, as assessed on a scale ranging from
1 to 5: Hearing (M = 4.00 for episodic memory, M = 3.25 for semantic memory;,
M = 3.75 for implicit memory); Sight (M = 3.50 for episodic memory, M = 2.50
for semantic memory, M = 3.75 for implicit memory); Smell (M = 4.33 for episo-
dic memory, M = 3.00 for semantic memory, M = 3.67 for implicit memory); Spa-
tial (M = 3.00 for episodic memory, M = 2.00 for semantic memory, M = 4.00 for
implicit memory); Taste (M = 3.00 for episodic memory, M = 3.00 for semantic
memory, M = 4.00 for implicit memory); Touch (M = 3.00 for episodic memory,
M = 3.00 for semantic memory, M = 2.00 for implicit memory).

As can be observed, the subjects predominantly identified hearing, sight, and

smell as the most sensitive senses. Hearing and sight were equally ranked, while
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smell emerged as the third-most commonly chosen sense. Hearing exhibits its
highest mean (M = 4.00) in episodic memory; sight exhibits its highest mean

(M = 3.75) in implicit memory; and finally, smell exhibits its highest mean in
episodic memory (M = 4.33).

Figure 1. Most sensitive senses in the self-assessments of individuals

Figure 1 illustrates that the two most sensitive senses were sight, with each
accounting for 28.6% of the responses. In second place was smell, representing

21.4% of the responses, followed by taste, touch, and spatial senses, each at 7.1%.

Table 10 Descriptive Statistics of the Impact of the Olfactory System on Type

of Memory
Descriptive statistics Episodic Memory Semantic Memory  Implicit Memory
N 14 14 14
Mean 3.71 2.86 3.64
Median 3.50 3.00 4.00
Standard deviation 0.825 0.663 0.745

The findings reveal that among all subjects participating in the experiment,
episodic memory exhibits the most significant impact on the olfactory system

(M = 3.71, Med = 3.50, SD = 0.825). Implicit memory follows closely behind
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(M = 3.64, Med = 4.00, SD = 0.745), while semantic memory shows a comparati-
vely lower impact (M = 2.86, Med = 3.00, SD = 0.663).

Table 11 Friedmann test comparing episodic memory, semantic memory, im-

plicit memory

x> value Degrees of freedom p value
10.6 2 0.005

The Friedmann test was applied in order to measure whether there was a si-
gnificant difference between the selection of the three types of memory among all
participants, treating them as paired groups based on their respective medians. A

significant difference was revealed between groups (p = 0.005).

Table 12 Mann-Whitney U test comparing quality of previous knowledge

and number of languages

Type of language evaluation b U value p value
Quality of previous knowledge 24.0 1.000
Number of languages 22.0 0.762

The Mann-Whitney U test was performed to verify whether linguistic diffe-
rences were found between the groups. The results of the analysis revealed no

statistical differences in either condition.
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Figure 2. Number of spoken languages in the sample

To investigate the potential impact of the participants’ proficiency in different
languages on the results and the hypothesis, an analysis was conducted. The pie
chart above illustrates the distribution of the sample’s proficiency in multiple lan-
guages: 9 subjects (64.3%) speak 3 languages; 4 subjects (28.6%) speak 2 langua-
ges; and 1 subject (7.1%) speaks 4 languages.

Figure 3. Self-assessment of previous knowledge in Spanish
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In order to assess the impact of prior knowledge of Spanish on the results and
the hypothesis, an analysis was performed. The pie chart above illustrates that
35.7% of participants had previous knowledge in Spanish, whereas 64.3% did not

have previous knowledge in Spanish.

Figure 4. Quality of self-assessment of previous knowledge in Spanish

(scale 1-5)

Despite the subjects having prior knowledge of the Spanish language, an as-
sessment was conducted to determine their self-perceived proficiency in order to
verify its potential impact on the hypothesis. According to the results, seven su-
bjects (50%) rated their previous knowledge in Spanish as 1 out of 5, four subjects
(28.6%) rated it as 2 out of 5, two subjects (14.3%) rated it as 3 out of 5, and one
subject (7.1%) rated it as 5 out of 5.

4. Discussion

The study hypothesis stated that students who were to be subjected to the
odor stimulus would have easier access to their long-term memory of the studied
content. However, the students who were subjected to the odor stimulus did not
have easier access to their long-term memory of the studied content compared
to the control group. Therefore, the study found no evidence to support the hy-

pothesis. The findings challenge the expectation that odor stimuli would improve
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the memory recall process in learning. Further investigation will explore how
different types of memory (episodic, semantic, and implicit) could contribute to
the lack of meaningful learning observed, with the olfactory stimulus deviating
from the hypothesized outcome.

Few studies simulate this type of learning through relational memory with the
olfactory system in a controlled environment with humans. Previous experiments
have explored contextual memory performance and recognition.'>***' It has been
found that although the encoding of odors may pose difficulties for short-term
memory association which gives insights on the one-hour limitation time during
the experiments. Nevertheless, over time it can exhibit similar effectiveness to
auditory or visual stimuli (with an approximately 80% increase in performance
levels).??

Normally, these memories evoked by olfactory system are related to very emo-
tional moments compared to the other senses. Meaning that has a strong con-
nection with the hippocampal area responsible for memory storage, including
the Basolateral Amygdala (BLA). In the current experiment, the relevance of me-
aningful learning was emphasized, which is responsible for creating a memorable
experience for students, thus facilitating the encoding of information. Further-
more, recall from explicit memory, which encompasses semantic memory for le-
arning purposes, was considered as a main goal. It is suggested that: “An olfactory
stimulus consistently paired with a learning experience might be used later to

produce more efficient performance of the learned behavior”* Further, more re-

19 Arnie Cann and Debra A. Ross, “Olfactory Stimuli as Context Cues in Human Memory’, The American Journal
of Psychology 102, no. 1 (1989): 91-102. https://doi.org/10.2307/1423118.

20 Schab, E R., “Odors and the Remembrance of Things Past”, Journal of Experimental Psychology: Learning, Memo-
ry, and Cognition 16, no. 4 (1990): 648-655. https://doi.org/10.1037/0278-7393.16.4.648.

21 Rachel S. Herz and Gerald C. Cupchik, “An Experimental Characterization of Odor-Evoked Memories in Hu-
mans’, Chemical Senses 17, no. 5 (1992): 519-528. doi:10.1093/chemse/17.5.519.

22 Harry Lawless, “Recognition of Common Odors, Pictures, and Simple Shapes’, Attention, Perception and
Psychophysics 24 (1978): 493-495. doi:10.3758/BF03198772.

23 Cann and Ross, supra note, 21.
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cent studies, such as those by Mouly and Sullivan, show that the olfactory system
has an important role in the formation and consolidation of memory specifically
through emotional connections, highlighting the strong link between this system
and episodic memory, emphasizing the early stages of childhood development,
and defining this phenomenon as “emotional olfactory learning.”**

It is also significant to note that the olfactory system activates areas of the
hippocampus presenting classical conditioning. Being this something that com-
pletely differentiates the other senses that do not cause this area to be critically
activated. This study underscores the importance of olfactory stimuli due to their
strong biological impact on the hippocampus, which plays a crucial role in me-
mory formation. This can help memory to be enriched in learning environments.
Furthermore in others fields as clinical psychology, can offer insights into trea-
ting brain damage in this area when tracking evidence collected from previous
studies.

Another important factor to take into account is the language learning aspect,
which distinguishes the experiment from memory studies. In this experiment,
the greatest relevance is attributed to completely learning an skill and a new set of
vocabulary that should had been previously unknown. Thus, minimizing exter-
nal variables such as associations within the same language that help facilitate
the recall process. Additionally, it is important to mention that certain phonemes
shared between languages or words with similar roots, such as those derived from
Latin, can influence the learning process. There is no evidence from previous
studies that have demonstrated control over this important variable.

The discussion now shifts towards the types of memory being enriched, reco-
gnizing the involvement of both explicit and implicit memory in this process.

It has been mentioned that our prior episodic memories can be remembered

24 Anne-Marie Mouly and Robert Sullivan, “Memory and Plasticity in the Olfactory System: From Infancy to
Adulthood”, In The Neurobiology of Olfaction, edited by Anna Menini, Chapter 15. (Boca Raton, FL: CRC Press/
Taylor & Francis, 2010). https://www.ncbi.nlm.nih.gov/books/NBK55967/.
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through olfactory stimuli from the present context. When the brain activates this
categorization, it is likely to find semantic memories due to the proximity of con-
cepts related to the memory that is being recreated. However, it is a matter of
relevance to understand that the link that facilitates the olfactory system within
explicit memory is not directly linked to semantic memory, unless meaning is
attributed to the aroma. This simply tends to be a neutral stimulus (at least, whe-
re meaning is given to the odor). Nevertheless, what can be corroborated is that
types of memory are not completely independent routes. Therefore, by remem-
bering autobiographical memories from the past it is possible to access semantic
memory content. Likewise, implicit memory, while not directly facilitating recall,
serves as a cue to access explicit memory and fulfill the objective of remembe-
ring a concept through the activation of spreading associations. In the case of
meaningful learning, it is clear that assimilation is one of the strategies to en-
rich cognitive schemas. Therefore, achieving memory through this stimulus that
possesses such ease of limbic connection, and even hippothalamic relevance as a
concept to assimilate in order within the scheme, becomes a tantalizingly inte-
resting alternative. In the present study, it was evaluated whether such pathways
could facilitate the recognition of information in the case of EGP, or whether it
could even interfere due to automatic procedural memory processes (choosing
the same answers even if answers were wrong) in CSA.

In addition, it was analyzed whether the self-perceptions of individuals - such
as the most sensitive type of sense, or the evaluation of the impact that the olfac-
tory system has on the type of memory - could influence the results of the control

group and the experimental group.
4.1. EGP

In the first analysis, the effectiveness of meaningful learning, as proposed by
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Ausubel,” was evaluated to confirm the hypothesis. It is known that the associ-
ation process can take considerable time to develop - for example, in Pavlov’s
classical conditioning experiments, dogs began associating the bell with food af-
ter many repetitions.” In the experiment, this was not considered as the main
measure because the focus was not primarily on conditioning reflexes, but rather
on evaluating semantic memory and acquisition of skill.”” While the repetition
of the stimulus may not appear to be of utmost importance, it remains an im-
portant feature of memorizing that affects learning. Evaluation methods, such as
multiple-choice, single-question recognition, primarily assess memory retrieval
(specifically recognition) rather than the use of knowledge itself or skill mastery,
as well the inert knowledge problem (in this case using knowledge to apply it in
a test).

Suggesting a possible increase in the academic performance of students at a
quantitative level involves reducing variables external to accessing long-term me-
mory, such as blocks due to stress, anxiety, fatigue, or interference in retroactive
or proactive memory. Moreover, pleasant aromas tend to improve people’s mood,
and logically this could facilitate the process of recall in the experimental group.
In the experiment, although the control group represented a higher mean grade
of 96% efficacy in their correct answers, it is important to highlight that the expe-
rimental group presented 83% accuracy, showing however a high performance.

The observed phenomenon in EGP can be explained through the connectio-
nism model proposed by the cognitive perspective.?® Analogically, it was evalua-
ted how the inputs that could come from various sources, such as sensory stimuli

from the environment (olfactory stimulus proposed on Day 2) or past experiences

25 D. P. Ausubel, Educational psychology: A cognitive view (Holt, Rinehart and Winston, 1968).
26 Michael W. Eysenck and Mark T. Keane. Cognitive Psychology: A Student’s Handbook (Psychology Press, 2020).
27 Morgado Bernal, I. “Psychobiology of learning and memory”, (2005).

28 James L. McClelland and Axel Cleeremans, “Connectionist Models”, In Oxford Companion to Consciousness
edited by T. Byrne, A. Cleeremans, and P. Wilken, 1st ed., (New York: Oxford University Press, 2009).
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stored in memory (remembering the vanilla aroma that was present in the class
on Day 1 once it was perceived by the subject), lead to the hidden layers that
explain the (unconscious) cognitive processes related to implicit memory. These
associations generated the activation of related concepts (“when the class was
being held, this aroma was present in the environment in Day 17), finally leading
to a better output (precisely remembering the moment in which the concept was
learned and even when the quiz was taken; therefore, the semantic type of me-
mory). In the case of the experiment, subjects were not informed of the presence
of the stimulus, allowing us to determine whether this activation could occur in
an uninfluenced manner. Further investigation is encourage bringing awareness

of the odor in the room.
4.2. CSA

When it was stated that students exposed to the odor stimulus would have
easier access to long-term memory of the studied content, it was established that
students can represent better access to the correct information. However, it is
possible that the studied content had been learned incorrectly. Therefore, re-
membering it incorrectly also represents a form of greater access that required
verification between groups.

During evaluation, the aim was to review whether errors made during recall
could indicate a strong association between the olfactory system and implicit
memory, potentially manifesting as an automatic process (even as an undesired
outcome). Therefore, the scoring system was implemented to assess this possibi-
lity. Thus, a score of +1 was given when the response matched between Day 1 and
Day 2 tests, while a score of —1 was assigned otherwise.

From the perspective of the previously explained cognitive connectionist mo-
del, it was necessary to check whether the link that was made from the input

layer (learning the concept incorrectly) stimulated the hidden layer, generating
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the same response in the output layer, all from an unconscious point of response.
This would thus explain if deliberate erring could showed a weakness: because the
concept was not learned correctly despite having consciously learned the error.

This suggests that as a result of the more unconscious association on the part
of implicit memory, the ability over episodic and semantic (explicit) memory can
be executed more easily. Because the tests were presented in the same order, the
aim was to verify whether procedural memory could influence the selection of
answers leading to the choice of the same answer due to automaticity. This effect
had a greater impact on the control group compared to the experimental group
(without the olfactory stimuli, but rather in mechanically the same response), as
reflected in the results.

Studies have also been carried out analyzing conditioning in implicit memo-
ry with respect to fear in humans.”” However, fear is not the emotion that is the
appropriate objective to target in a classroom due to its potential to induce stress
levels in students, generating cognitive blocks. Instead, it would be necessary to
explore other types of emotions relating to the olfactory system, since when using
a type of operant conditioning it is well known that rewards (which include posi-
tive emotions) tend to predominate longer in the memory and in learning com-
pared to punishments (negative emotions). This can be explained by evidence
suggesting that pleasant stimuli selectively activate the nucleus accumbens and
medial prefrontal cortex, which are in charge of the executive system proposed
by the working memory perspective and has an important impact on motivation.
From which allows the increased probability of remaining motivated to repeat
a behavior (attending a future class, in our case). The purpose of this study was
focused on measuring whether, even in a motivating classroom environment, the

presence of a stimulus could enrich the learning experience more. Within the

29 Dominic T. Cheng, Dirk C. Knight, Craig N. Smith, Elliot A. Stein, and Fred J. Helmstetter, “Functional MRI of
Human Amygdala Activity During Pavlovian Fear Conditioning: Stimulus Processing versus Response Expres-
sion”, Behavioral Neuroscience 117, no. 1 (2003): 3-10. doi:10.1037//0735-7044.117.1.3.
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experiment, an attempt was made to evoke these deep-rooted emotions during
the process by encouraging active participation from students and incorporating
personal references from each of them into slides. Consequently, this possible re-
lationship could affect the balance of CSA within the experimental field for both
groups. Regardless of whether they are associated with memories of positive or
negative emotions, memories can have an impact on the automatic retrieval of
information, taking an exam, or carrying out a competency evaluation activity.
However, the results showed (without significant findings) the opposite, where
the mean CSA score was slightly higher in the control group compared to the
experimental group, suggesting that the control group obtained a slightly better
consistency answering in the same way from Day 1 to Day 2, and therefore that
the olfactory stimulus may not have been related. This could be attributed to the
fact that the students from both groups reported a positive attitude towards the
class, making it difficult to differentiate the effects of the olfactory stimulus. Since
the emotions experienced by both groups were positive, they could have facilita-
ted the encoding process for all participants. Although the result was lower in the
experimental group, it may also suggest that the students of the control group, on

the contrary, corrected their errors and demonstrated improved results on Day 2.
4.3. OF

This measure was considered at the end of the experiment. Despite of, this
information is crucially relevant in order to give insight of people individual
differences in awareness of their own senses. Understanding the reasons why the
hypothesis could not be confirmed despite such vast theoretical support is valua-
ble. It is also possible that for some individuals, the olfactory system represents a
greater connection with one memory system than with another (the discussion
between whether it is more explicit or implicit). Moreover, consideration of the

idea that “If my most sensitive sense is olfaction, therefore it is the sense from
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which I will be most susceptible to be able to create associations” emphasizes the
importance of understanding that individual differences are fundamental when
it comes to enriching learning. This section discusses the reasons why this form
was carried out and contrasts results between groups, evaluating all subjects of
the experiment independently. This is because it is not enough to only evaluate
how a group reacts to a stimulus, but it must also be considered whether there
are individuals within both groups for whom certain stimuli are more or less
perceptible.

As reflected in Table 6, participants in the experimental group (M = 3.86) had
a small tendency (although not significant) to associate the impact of the olfacto-
ry system with episodic memory compared to the control group (M = 3.57). The
control group (M = 4.14) tended to associate the impact of the olfactory system
with implicit memory with respect to the experimental group (M = 3.14), with a
significant difference (p = 0.010; see Table 8). It can also be observed (see Table
1) that in EGP, the experimental group (Day 2, M = 5.80) obtained slightly better
than CSA results (see Table 4; M = 5.00), indicating that for our experimental
group there was better performance in terms of answering correctly over answe-
ring in the same way. In the control group, the results indicate a similar tendency
towards responding correctly over EGP (Day 2, M = 6.71) and CSA (M = 6.43),
albeit to a lesser extent compared to the experimental group. This suggests that
individual differences could have played a key factor in testing the hypothesis, be-
cause the experimental group considered the olfactory system to be more closely
associated with episodic memory rather than implicit memory.

It is known that the VARK model describes that there is a sensory modality
for each student that varies in the learning process: visual (sight), aural (hearing),
read/write (sight/touch), and kinesthetic (touch). Despite its empirical limita-

tions, this represents a simplistic framework which illustrates that students report
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different learning preferences focused on their senses.”* However, it is relevant to
acknowledge that from a neuroscientific point of view, there are differences in
individual abilities between people with more developed senses due to a greater
number of established neuronal connections or their deterioration (as evidenced
in the consequences of COVID-19 in the olfactory system). In this section (see
Table 7 for group comparison and Table 8 for all subjects), it was evaluated (from
a very subjective point of view) whether perhaps the most sensitive type of sense
might represent a greater impact on a specific type of memory (whether implicit
or explicit).

When considering the most sensitive sense variable, we continued to observe
congruence with the previously explained comparisons between EGP and CPA.
According to the data presented in Table 8, it becomes evident that in fact even
the participants who selected olfaction within the experimental group consider
that it is more closely related to episodic memory. In the control group, it was
established that it was more related to explicit memory (except for those who
selected the olfactory system as the most sensitive).

Moreover, 21% of participants (see Figure 4.1) considered the olfactory system
as their most sensitive sense. Notably, our findings (M = 4.33; see Table 9) indica-
te that our participants related the olfactory sense more to explicit memory, parti-
cularly episodic memory, scoring slightly higher compared to those who selected
other senses as the most sensitive. At the same time, those participants who se-
lected hearing/sight as more sensitive scored slightly higher on implicit memory
than our “smellers.” More evidence should be collected to clarify whether indivi-
duals who are more conscious of olfactory stimuli exhibit enhanced binding with
explicit memory over implicit memory. A general analysis was also carried out

regardless of the participants’ type of preferred sense, revealing a greater impact

30 Norasmah Othman and Mohd Hasril Amiruddin, “Different Perspectives of Learning Styles from VARK Mo-
del”, Procedia - Social and Behavioral Sciences 7 (2010): 652-660. ISSN 1877-0428. https://doi.org/10.1016/j.
sbspro.2010.10.088.
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on episodic memory. This suggests, as in previous studies, a belief in Proustian
phenomena related to autobiographical memory.** As shown in Table 10, episodic
memory for all participants scored slightly higher compared to other memory
types (M = 3.71), representing a significant difference between each type of me-
mory (see Table 11). Additionally, participants demonstrated medium to high
scales of +3 towards both implicit and explicit memory over semantic memory
(M = 2.86, which indicates medium to low). Furthermore, it is important to eva-
luate and separate for future research whether implicit memory could be more

closely linked to the priming effect, procedural memory, or associations.
4.4. Previous Knowledge of Languages/Spanish

As mentioned above, this experiment attempted to control the variable related
to language teaching. In the case of our example, it was noted that a significant
portion of the sample consisted of multilingual speakers with prior knowledge of
Spanish. This factor could represent cognitive ease in learning new languages.*
Therefore, the identification of this variable was also conducted in the form. The
results were not as favorable, with almost half of the sample having prior know-
ledge of Spanish.

Since Spanish is the second-most commonly spoken language in the world
when including native speakers and the fourth-most commonly spoken language
when including non-native speakers, it was difficult to establish this as an exclu-
sion criterion since the sample itself was small.

Therefore, we evaluated whether there was prior knowledge of the language
and the extent of participants’ mastery in order to clarify differences between
those with basic knowledge and highly advanced speakers.

However, as the class represented a basic level of language learning, it became

31 Chu, S. and Downes, J. J., “Odor-evoked autobiographical memories: psychological investigations of proustian
phenomena’, Chemical Senses 25, no. 1 (2000): 111-116. https://doi.org/10.1093/chemse/25.1.111.

32 Jared aDiamond, “The Benefits of Multilingualism’, Science 330 (2010): 332-333. doi:10.1126/science.1195067.
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considerably easier for those who had prior knowledge to relearn these concepts,
potentially skewing our results. Despite this, no significant differences were
found between groups; therefore, the hypothesis testing was not directly affected
by this factor.

4.5. Limitations

Unfortunately, this experiment presents methodological limitations, being the
most relevant, the small sample size. It is difficult to draw inferences and interpre-
tations from the results presented since there is not enough power of analysis to
produce concrete answers. Two participants in the experimental group were una-
ble to attend on Day 2, which reduced the sample size even further. Additionally,
due to a logistical delay that occurred during the change of groups, on the first
day, the first group’s class began 10 minutes later, which made the experimental
group wait a little longer.

This factor could have influenced the results. The humidifier had difficulties
spreading the odors through the classroom in time; therefore, incense candles
were used as an emergency measure. While one person expressed discomfort due
to the intensity that the candles caused in a closed space and suggested opening
the window, the subject was asked to try to tolerate it until the end of the experi-
ment. Furthermore, some students in the control group reported having studied
their notes before entering on Day 2 during the discussion at the end of the expe-
riment, therefore, the rehearsal process could also have affected their performan-
ce when comparing the control group with the experimental group.

Moreover, it is also known that in order to consolidate memories, information
must be constantly exposed to the individual. Time plays a significant role in lear-

ning.* Therefore, to make inferences about learning effectiveness, it is important

33 Larry R. Squire, Lulu Genzel, John T. Wixted, and Richard G.M. Morris, “Memory Consolidation”, Cold Spring
Harbor Perspectives in Biology 7, no. 8 (2015): a021766.
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to replicate the stimulus/learning linking process for a longer period of time in
order to establish more reliable causality. This approach allows participants to en-
gage with more advanced concepts, providing a clearer understanding of learning
outcomes.

The exam utilized in the experiment does not present a standardized model
to measure Al abilities in the Spanish language. Future adapted standardized test
are suggested.

Due to the limited availability of learning time, this was carried out in a way
that only the concepts presented during the experiment were evaluated. This
approach may have inadvertently resulted in a lower level of demand, which
could have affected the perceived ease of the exam, consequently biasing the re-
sults, which mostly appeared positive for both groups.

Additionally, the effectiveness of the Derring effect* could have promo-
ted meaningful learning for all participants, making it difficult to compare and
explaining such highly positive results. Another important limitation to highlight
is that the same researcher conducted the class experiment, and this could consi-
derably bias the results.

Despite these limitations, no further inconveniences were reported during the

development of the experiment.
Conclusions

Although the experiment represents several limitations and no significant
data could be found relating to EGP or CSA, except for the subjects’ impact on
the types of memory in the form, there is a strong foundation in the literature and
previous experiments that links our sense of smell to memories. Therefore, this

research could be carried out on a larger scale to establish more accurate answers.

34 S.S.H.Wongand Lim, S. W. H., “Deliberate errors promote meaningful learning’, Journal of Educational Psycho-
logy 114(8) (2022):1817.

81



MOKSLINES MINTIES SVENTE 2024

Studying the sense of smell is one of the great challenges that can be observed in
psychology due to its great variability and fickle sensitivity. However, it is a field
of vast exploration and novel interest.
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buvimas kontroliuojamoje aplinkoje turéjo jtakos mokymosi procesui, palyginti
su jo nebuvimu. Be to, buvo tiriama, ar uoslés dirgiklio poveikis ziniy kodavimo
ir saugojimo metu suaktyvino pazintinius rysius, kurie palengvino paieskos pro-
cesg. Galiausiai buvo iStirta, ar Sio stimulo suvokimas bandymo metu paskatino
prisiminti konkretesnius prisiminimus, jskaitant semantine, epizodine ar numa-
noma atmintj. 14 studenty, i$ kuriy 3 vyraiir 11 motery, buvo jdarbinti ir po lygiai
suskirstyti j kontroline ir eksperimenting grupe. Eksperimentas vyko kontroliuo-
jamoje laboratorijos aplinkoje dviem skirtingomis dienomis, pazymétomis 1 ir 2
diena, kiekviena grupé patyré skirtingas salygas. Nors reik§mingy skirtumy tarp
grupiy nenustatyta, saves vertinimo ataskaitose buvo pabrézta suvokiama uoslés
svarba. Rekomenduojama atlikti tolesnius platesnio masto tyrimus siekiant i$si-
aiskinti sudétingg ry$j tarp uoslés dirgikliy ir atminties procesy. Nepaisant apri-
bojimuy, $is tyrimas pabrézia kvapo vaidmens formuojant atmintj tyrimo svarba,
o tai yra perspektyvi ateities psichologijos tyrimy kryptis.

Reik$miniai Zodziai: uoslés jutimo sistema; ilgalaiké atmintis; asociacija;
prasmingas mokymasis; aiski atmintis; numanoma atmintis; NMDA receptoriai;

mGlIuR.
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Annexes

Annex 1 - Test Day 1 and Day 2

Complete the following basic conversation in Spanish. Please answer only one
option:

Teacher: ;Cémo te llamas? Student:

a) Soy de (name)

b) Me llamo (name)

c) Bien, gracias (name)

Which of the following words is a greeting in Spanish?
a) Hola
b) Rojo

¢) Comida

Pronounce the following word: “perro”
a) [pe.rro]
b) [pe.llo]

¢) [pe.ro]
d) [pe.lo]

Select the correct number in Spanish: your age. Please write here your age in
numbers

a) Diecinueve

b) Veintiuno

¢) Veintiséis

d) Veinticuatro
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e) Veinte

f) Dieciocho
g) Diecisiete
h) Veintitrés
i) Veinticinco
j) Veintidos

h) Veintsiete

Complete the following sentence with the verb “estar”: Yo
a) esta triste
b) estoy alegre

c) somos asqueados

What is the correct structure in Spanish with which to say “I am a student™?
a) Yo ser un/a estudiante.
b) Yo soy un/a estudiante.

¢) Yo esté/a estudiante.

How do you say “Good afternoon” in Spanish?
a) Quio.

b) Buenas mafanas.

¢) Buenos dias.

d) Buenas tardes.

e) Buenas noches.

85



MOKSLINES MINTIES SVENTE 2024

Annex 2 - Self-assessment form

Demographic information:
Biological Sex:
a) Female

b) Male

Age:

a) Under 18 years old
b) 18-21 years old

C) 22-24 years old

d) 25-30 years old

Field of Study: In which year do you currently study?
a) Ist

b) 2nd

¢) 3rd

d) 4th

Types of Learning: Which of the following types of learning do you most identify
with? (possibleto select more than one)

Select all that apply:

a) Auditory

b) Visual

¢) Kinesthetic (you learn by moving, especially with your body)
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Reading Problems: Do you suffer from any reading problems such as dyslexia?
a) Yes

b) No

Most Sensitive Sense:

a) Touch

b) Sight

c) Hearing

d) Smell

e) Taste

f) Spatial

Language Skills:

Number of languages spoken:
a)l

b) 2

)3

d) 4

e) More than 5

Do you have any previous knowledge of Spanish?
a) Yes
b) No

Proficiency in Spanish

How good do you consider your knowledge of Spanish (1 - poor, 5 — excellent)?

12345
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Impact of the Olfactory System on Memory:
Episodic Memory: On what scale do you think the olfactory system impacts epi-
sodic memory? (memory of personally experienced events)

12345

Semantic Memory: On what scale do you think the olfactory system impacts se-
mantic memory? (general factual knowledge and concepts)

12345

Implicit Memory: On what scale do you think the olfactory system impacts im-
plicit memory? (unconscious memory such as priming, associations, habits, how
to do things)

12345
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