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Abstract. This paper describes an investigative study about the sense of smell,
taste, hearing and vision to assist process of learning. This will serve to start the
design and construction of a multisensory human-computer interface for different educational applications. The most important part is understanding the
ways in which learners’ senses process learning and memorize information and
in which relation these activities are.
Though sensory systems and interfaces have developed signiﬁcantly over the
last few decades, there are still unfulﬁlled challenges in understanding multisensory experiences in Human Computer Interaction. The researchers generally
rely on vision and listening, some of them focus on touch, but the taste and smell
senses remain uninvestigated. Understanding the ways in which human’s senses
influence the process, learning effects and memorizing information may be
important to e-learning system and its higher functionalities. In order to analyze
these questions, we carried out several usability studies with students to see if
visual or audio experiences, different smells or tastes can assist and support
memorizing information. Obtained results have shown improvement of learning
abilities when using different smells, tastes and virtual reality facilities.
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 Virtual reality

1 Introduction
Virtual Reality (VR), as an immersive environment, need to be similar to the real world
in order to create a lifelike and believable experience grounded in reality [1]. A person
using virtual reality equipment can look around the artiﬁcial world, move around in it,
and interact with virtual features or items. The effect is commonly created by VR
headsets consisting of a head-mounted display that provides an intense user experience.
The inherent head-mounted display can easily produce the instinctive feeling of being
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in the simulated world. For a complete immersion in a virtual world, all our senses
should be involved. Nevertheless, most VR environments today do not actually address
all of them. The sense of vision and hearing are the most commonly used, increasingly
harnessing touch, while taste and smell are insufﬁciently explored [1–4]. Our research
aims to contribute integration the sense of smell and taste in an educational humancomputer interface (HCI).
In the ﬁeld of education, the immersive experience that VR provides can be used by
instructors and teachers to improve learners’ intention of engaging in learning activities. VR can be applied in the learning of various subjects, such as: physics, medicine,
chemistry, linguistics, demographics, etc. [5].
In this paper, we analyse learning processes within virtual learning environment
and multisensory learning experiences with smell and taste senses. It is essential to
determine what audio, visual, taste and olfactory experiences we can design for, and
how we can meaningfully stimulate such experiences when interacting with technology. Importantly, we need to determine the contribution of different taste and smell
senses, as well as their combination, to design more effective and attractive digital
multisensory experiences in educational environments. We carried out several usability
studies with students to see if visual or audio experiences, different smells or tastes can
assist and support memorizing information. A usability study was carried out to assess
the experiences and the effects of VR headset in a learning process, using an application for VR learning about the Planet system, named VR Solar system. In order to
evaluate the effects of different smells on learning process in normal healthy learners,
we selected traditional herbal medicines for memory and for brain functions, in the
form of essential oils: Citrus, Rosemary and Mint (Citrus sinensis L., Rosmarinus
ofﬁcinalis L. and Mentha x piperita L.). Likewise, there are flavouring substances that
affect better memory and brain functions. Our choice was chocolate and coffee
(Socolata L., Coffeum L.) to assess the current state of knowledge in the literature
regarding the effects of these substances on learning process and on learners’ brain
functions. In our experiments, we made various combinations of senses: smell, taste,
vision and hearing.
The rest of the paper is organized as follows. Section 2 describes some previous
research related to our proposal. Section 3 explains the design and implementation of
the research process and usability studies. Experimental results to prove the validity of
the multisensory experiences in learning activities are described in Sect. 4. Finally,
Sect. 5 provides the concluding remarks.

2 Related Work
In last several decades, TEL (Technology Enhanced Learning) is contemporary trend at
different levels of education and in wide range of educational environments and tools.
Important aspects of TEL that enrich educational activities are multifold and include:
improvements in instructional design, usage of virtual and augmented reality (AR) in
better HCI, different human senses like smell and taste.
Accordingly, recently different papers that take care of these TEL aspects have been
published. For example, paper [6] brings comprehensive overview of 69 studies,
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overall effect and the impact of selected instructional design principles in using virtual
reality technology instruction in K-12 or higher education environments.
In the paper [7] authors concentrated on use of augmented reality in engineering
education. They used Physics Playground tool for explaining physical experiments in
forms of animations. Students have challenge to interact and practice with virtual
objects and learn in interesting and in entertaining way. But in their study authors did
not combine AR facilities with additional kind of information like olfactory or taste.
In [8] authors assess the current state of knowledge in the literature regarding the
general effects of green tea on neuropsychology i.e. cognition and brain functions in
humans. Different studies considered in [8] suggested that sage spp., rosemary and
lemon balm could improve cognitive performance and could be effective in improving
mood or cognition for patients with different levels of cognition disorders and diseases.
Some performed experiments shown that using more than one human sense in
multimodal human-computer interfaces could be an effective way to better acquire
knowledge [4]. For example, olfactory information can be used as additional component to learners’ auditory, visual or tactile channels.
In the paper [9] authors tried to prove that mint odor assists memorization and
information recall during and after reading an educational Web page.
In her thesis Kaye, a more than a decade and a half ago, experimented with use of
computer-controlled olfactory display [10]. She concluded that olfactory display must
rely on differences between smells, but not differences in intensity of the same smell.
A theoretical framework for scent in human-computer interactions, but also concepts of
olfactory icons have been proposed in her thesis. Main conclusion of the thesis was
connected to the rhythm of presentations, i.e. scent (rose, lemon and mint) is better
suited for display slowly changing, continuous information than discrete events.
In our study we went a step ahead and performed experiments with students
including in HCI elements all three aspects: virtual reality but also several smells and
tastes.

3 Study Design
The study involved 135 students, 46 of them are attending the Faculty of Sciences at
our University of Novi Sad, while 89 are enrolled at the Novi Sad School of Business.
The goal of the study was to investigate how the sense of smell, taste, hearing and
vision can improve the memorization. The effect of the sense of smell was tested by
exposing the students to vapors of three different essential oils: rosemary, citrus and
mint. In order to examine the effect of taste students had the chance to consume coffee
and/or chocolate during learning process. The influence of hearing and vision was
tested using VR headset.
Regarding the smell and taste enquiry students were divided in nine different
groups. Three of them were only exposed to each of the essential oils we mentioned
before. The next three, in addition to the essential oil’s exposure tasted a piece of
chocolate. The last three groups combined the effect of each of the essential oil with the
consumption of chocolate and drinking coffee.
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Each of the 135 students agreed to participate in the experiment which was conducted in two steps. First, each student had to complete four consecutive short-memory
tests. For each test, they had 30 s to look and try to remember the items that were
presented to them. After that, the items were removed, and the students had one minute
to write in a form as much items as s/he remembered. The ﬁrst of the four tests
presented to the students consisted of 16 images, the second of 10 words and the third
of 10 numbers. For the fourth test, based on 10 words, the form in which the students
were supposed to write the memorized words was different. For each of the 10 words,
two letters were already written to help the students to remember a greater number of
words.
The effect of smell and taste was measured by comparing the number of memorized
items while students were exposed to motivating factors with the number of memorized
items while students were not exposed to them. According to that, the result achieved
under the influence of certain motivating factor was classiﬁed as “better”, “equal” or
“worse”. The results are presented in percentages, showing the distribution of all
students from the speciﬁc motivating factor group among those three possible
outcomes.
Virtual learning environment was analyzed with 60 students. The students were
similar in terms of age (ranging from 20–22) and educational background, which was
conﬁrmed with a pretest. None of the students did know the answer to any question. All
participants of the experiment were divided into four groups, in a random manner. The
ﬁrst two groups were the control groups where the students learned in traditional
manner. In the second two groups the learning process was realized with VR headset.
The application was of educational type designed to teach about the planetary system,
named VR Solar System. The educational materials were very picturesque, visually
attractive, especially in a quaint style. According to the results of the experiments
concerning smell and taste testing, we selected combination of citrus oil and flavor of
chocolate and coffee, to verify if multisensory experiences can assist learning process.
At the classroom, an experimenter explained the purpose and procedure of the test.
First, the experimenter administered a pretest to the all participants with 10 questions
about the planetary system. Then, students of the experimental group were divided into
two groups and separated into two classrooms. Students of the ﬁrst group put VR
headsets and accessed to the learning material. Students of the second group were
exposed to vapor of citrus oil and consumed a piece of chocolate and a cup of coffee
before putting VR headsets.
On the other hand, students of the control group were also divided into two groups
and separated into two classrooms. Students of the ﬁrst group watched video material
with the same content as the experimental group. Each student of the second group was
exposed to vapor of citrus oil and consumed a piece of chocolate and a cup of coffee
before watching video material. Each learning phase lasted exactly 12 min in duration.
After the task was completed, a post-test with the same questions of the pretest was
administered to each participant of four groups.
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4 Experimental Results
The ﬁrst three diagrams depict the effect of rosemary oil, combination of rosemary oil
with chocolate and at last the combination of rosemary oil with chocolate and coffee.
Each diagram shows results for the picture test, textual test, numerical test and the
textual test with suggestions in a form of two letters for each word. The last test is
marked as “Text (S)” in all the diagrams that will follow. The last data column in the
diagram shows the average value of all four types of tests.
Figure 1 shows that the exposure to the rosemary essential oil helped 51.67%
students to get better results in memorizing items considering all four types of tests.
The best improvement (66.67%) was noted in the case of pictures test. The consumption of chocolate as an addition to the inhalation of rosemary essential oil didn’t
show any signiﬁcant changes to the previous results (Fig. 2). Results related to students
that were exposed to the influence of rosemary oil and consumed in the same time
chocolate and coffee, showing however a low decrease (45.83%) for the “better”
category (Fig. 3).
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Fig. 1. Effects of rosemary oil vapor
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Fig. 2. Effects of rosemary oil vapor combined with chocolate consumption

The second set of diagrams show that the separate use of mint oil vapor (Fig. 4), as
well as the use of mint oil vapor combined with chocolate (Fig. 5) didn’t help students
to achieve signiﬁcantly better results taking into consideration all four tests. The
inhalation of mint oil helped 39.29% of students to reach better results, while the
combination of mint oil inhalation and chocolate consumption led 47.73% of them to
the same results. However, the group of students exposed to the inhalation of mint oil
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and the consumption of chocolate and coffee (Fig. 6) had a considerably higher percentage (73.08%) of those who succeeded to memorize more items comparing to the
situation in which they were not exposed to any of previously mentioned motivating
factors. It is interesting to point out that in the case of picture test, in all three groups
related to the use of mint and its combination with chocolate and coffee the percentage
of students with better results was very high (71.43%, 72.72% and 76.92%).
The best results in the experiment concerning smell and taste testing were achieved
with citrus oil and its combinations with chocolate and coffee. When students were
exposed only to the citrus essential oil vapor, 53.57% of them accomplished better
results, considering all four types of tests (Fig. 7). That percentage was higher
(60.94%) when citrus oil inhalation was combined with the chocolate consumption
(Fig. 8), reaching the highest value (65.00%) when students were exposed to citrus oil
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Fig. 3. Effects of rosemary oil vapor combined with chocolate and coffee consumption
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Fig. 4. Effects of mint oil vapor
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Fig. 5. Effects of mint oil vapor combined with chocolate consumption
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Mint & chocolate & coffee
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Fig. 6. Effects of mint oil vapor combined with chocolate and coffee consumption
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Fig. 7. Effects of citrus oil vapor
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Fig. 8. Effects of citrus oil vapor combined with chocolate consumption

inhalation combined with the consumption of chocolate and coffee (Fig. 9). The signiﬁcant positive effect of citrus oil and its combination with chocolate and coffee was
this time registered not only in the case of picture tests (71.43%, 87.50% and 80.00%),
but also regarding the textual test (64.29%, 68.75% and 66.67%).
The results of the latest experiment provide visual and auditory access, as well as
the combination with the citrus essential oil vapor, as the smell of which proved to be
the most successful, and the combination of flavors of chocolate and coffee. These all
effects were measured by comparing the number of correct answers while students
using VR headset with the number of correct answers while students learn in traditional
manner. The results showed that the involvement only VR facilities improve learning
abilities. Namely, when students learned with VR headset, 71.67% of them accomplished better results, then learners from the group, which learned in traditional way
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(Fig. 10). The best results (79.1%) were achieved when combined VR facilities with
the effects of citrus oil vapor and chocolate and coffee consumption.
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Fig. 9. Effects of citrus oil vapor combined with chocolate and coffee consumption
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Fig. 10. Multisensory testing results: VR facilities, smell and tastes

5 Conclusions
Virtual reality possesses high potential and offers attractive challenges for application
in different areas of human lives, especially in education domains. Facilitating ubiquitous learning, VR applications have become portable and widely available on mobile
devices and therefore very accessible to learners at all levels of education. Digital
assets, such as textual, audio and video ﬁles, but also olfactory or tactile information
can be integrated into learners’ perceptions of the real world.
We have carried out several experiments to analyze different combinations of
fragrances and flavors, as well as the possibility of combining them with visual and
verbal effects. We have chosen an educational application, in order to emphasize the
possibility of influencing multi-sensory experiences on e-learning process. Students
feel comfortable about such approach and have gained a sense that tools are nice and
useful for learning contents. Our experimental results show that visual and audio
experiences, different smells and tastes, as well as their combination have the potential
to support memorizing information, improve learning abilities and encourage design of
more effective and attractive digital multisensory experiences in educational
environments.
Future work aims at repeating the test by carrying out additional studies, to see if
learning process changes over different periods of time. Likewise, it would be useful
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for studying usability and technical issues on the integration of olfactory information
into multimodal interfaces.
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