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Abstract

Quality of Experience (QoE) is inextricably linked to the human side of the multimedia
experience. Whilst there has been a considerable amount of research undertaken to explore
the various dimensions of QoE, one facet which been relatively unexplored is the role of
individual differences in determining an individual’s QoE. Whereas this is certainly true of
multimedia applications, when it comes to mulsemedia (multiple media engaging three or
more human senses) this is even more so, given its emerging and novel nature. Accordingly,
in this paper we report the results of a study which investigated the role that individual
differences (such as age, gender, education, and smell sensitivity) have on QoE, when
mulsemedia incorporating olfactory and haptic stimuli is experienced in cross-modal envi-
ronments. Our results reveal that whilst users had a satisfying overall mulsemedia experience
the specific use of cross modally matched odours did not result in significantly higher QoE
levels than when a control scent (rosemary) was employed. However, aspects of QoE are
impacted upon by all individual differences dimensions considered in our study.

Keywords Mulsemedia - Individual differences - Quality of experience - Cross-modal
correspondence
1 Introduction

The key success of any interactive system is determined by the end users’ overall satisfaction
of the system. To this end, the concept of Quality of Experience (QoE), plays an important
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role. QoE is “the degree of delight or annoyance of the user expectations with respect to the
utility and or enjoyment of the application or service in the light of the user’s personality and
current state” [2]. Indeed, to achieve the best desirable user experience, understanding users’
personalities and their different characteristics are of fundamental importance in building
successful systems. This underlines the importance of accepting how individual differences
(e.g. age, gender, education, culture, personality, etc.) influence users’ satisfactions and
enjoyment of an application. Whilst previous studies [13, 14, 33] suggest individual differ-
ences play an important role in perceptual multimedia quality, there are however few studies
[32, 39, 40] which consider individual differences in mulsemedia (multiple sensorial media)
applications. This is precisely the niche that we focus on in this paper, in which we report on
the results of a study exploring the impact of individual differences on QoE and user
perception of mulsemedia content.

Mulsemedia refers to integration of different media types that engage more than three
human senses. This is in contrast to multimedia, which integrate two or sometimes three by
now traditional media e.g. text, image and video. Multimedia applications target just two
human senses, usually vision and audition [15]. As such, mulsemedia applications contain
media which target additional senses such as those of touch (haptic), olfaction (smell) and
gustation (taste).

Given the fact that our interaction with the surrounding environment is multisensorial it is
unsurprising that mulsemedia applications attempt to convey an added degree of realism to
traditional digital human-computer interaction [4, 5]. Moreover, the human brain has evolved
to learn and operate in natural environments and accordingly our behavior is based on
information integrated across multiple sensory modalities. Multisensory data can thus produce
a greater, more effective and more efficient absorption of digitally-conveyed information than
when unisensory data is employed [34].

Accordingly, in this paper we are looking at multisensory interaction beyond the audio-
visual and have added haptic and olfactory stimuli to the user experience, exploring how
individual differences mediate this. Our findings can support efforts to consider users’
perception and preferences in order to design better mulsemedia applications in future. In
our experiments we show users various videos with added layers of auditory, olfactory and
vibrotactile content that are cross modally correspondent to these features. Based on these
videos, we investigate the impact of the auditory and olfactory content on the users’ QoE in
mulsemedia setup designed on principles of cross-modal correspondence. Section 2 discusses
related work focusing on mulsemedia and previous works including individual differences in
the design of multimedia applications. Section 3 describes the research methodology
employed. Sections 4 and 5 presents results and conclusion of the conducted research.

2 Related work

With the recent rapid development in technologies underpinning smart and wearable devices
human senses (beyond the audio-visual) can now be included in digital applications. Other senses
such as smell and touch is an increasingly realistic proposition which has the potential to enhance
auser’s QoE. These new multi-sensory technologies are now more affordable and accessible for
all people. Accordingly, there have been a proliferation of studies exploring user QoE of
mulsemedia applications incorporating non-traditional media types such as haptics [20], gustatory
[30], olfactory [12, 28] or indeed, a combination thereof, such as haptic-olfactory [19].

@ Springer



Multimedia Tools and Applications (2021) 80:2377-2394 2379

It is fair to say that QoE has been extensively investigated in and considered to be a very
important aspect of mulsemedia [37], with several potential application areas being identified.
For instance, the use of olfaction in a gaming context has been explored and shown to increase
QoE [29]. Research also shows that the use of multisensory environments improves the
performance of visual searches and reduces the amount of mental workload [17]. In education,
multisensory digital learning experiences that involve the sense of smell can lead to enhanced
QoE levels for the user. Worked described in [4] explored benefits of mutually supportive
multisensory information in educational programmes. The literature review covers the advan-
tages of multisensory learning environment and reported how multisensory information can be
used for correcting and improving literacy skills for autistic individuals. Moreover, it is
suggested that multisensory setups can increase performance and user engagement in an
educational game. The authors proposed multisensory dimensions should be added to appli-
cations to enrich users’ QoE and perception levels. The benefit of olfactory media to enrich
QOoE has also been proven in several other studies [4, 5, 11, 12, 21, 25-27, 35-38]. Therefore,
previous studies strengthen the belief that multisensory integration in a digital context will
enhance QoE when using interactive systems. Given the importance of user characteristics in
QoE, one of the key outstanding issues is to investigate and clarify the influence of individual
differences on mulsemedia QoE.

The benefit of including individual differences in the design of multimedia and mulsemedia
systems opens up the possibility of fine-grained personalization, namely adapting digital
contents and delivery to users based on individual characteristics. The premise is that if we
tailor the content around each individual’s preferences then we have the potential to enhance
the QoE in these applications. In [39], the authors use the term ‘individual QoE’ and explain
the fact that QoE is unique to each individual and to each individual’s experience. To achieve
their aim of a personalized multimedia environment they develop an open-source Facebook
application for studying individual experience for videos. One of the outcome of the study
showed that personal information from the platform can be useful in modelling individual
QoE. In line with the work done here it is believed that in order to design for personalisation
we need to identify the individual differences influencing perception of QoE in mulsemedia
applications. This will help to maintain a user satisfaction in a personalised setting.

In the multimedia arena, a number of studies have shown that individual differences such as
age, gender, cognitive style and personal interests do impact on QoE enhancement [13, 14, 31,
32, 39, 40]. In particular, research described in [33] looked into the influence of personality
and cultural traits on the perception of multimedia quality. They reported that individual
differences play an important role in the way perception of quality and enjoyment are rated
by users. However, the study is in the context of multimedia applications. There is relatively
little work done focusing on individual differences in perceptual mulsemedia quality. For
example in respect of olfactory data, research shows humans perceive smells differently based
on a number of factors, including age, culture, mood, gender and life experience [11]. For an
enhanced users’ QoE in mulsemedia applications, it is thus important to consider other
characteristics of users that effect their perception of such setting.

Work described in [26] explored the impact of individual differences on mulsemedia QoE
and is the closest to our work. It investigated how age and gender influence users’ perception of
the temporal boundaries within which they perceive olfactory data and video to be synchro-
nized. Our work presented here is different as the focus is on the potential influence of using the
concept of cross-modal correspondences (an area unexplored by [26]) in mulsemedia. Cross-
modal correspondences in the field of cognitive science refers to the systematic associations
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frequently made between different sensory modalities. For example high pitch sound is
matched with angular shapes. In the non-digital world, the smell of lemon and high pitch audio
can be associated to sharp objects [18]. Very little is known about the combination of senses in
the digital world and what occurs as soon as one stimulus is stronger than others [6].

The lack of in-depth investigation of individual differences influence on user perception of
mulsemedia applications has been one of the main drivers behind us conducting the research
described here. Accordingly, we have investigated the impact of age, gender and education on
users’ perception of cross-modal mulsemedia content. Our aim of studying individual differ-
ences is to determine meaningful user requirements for effective multisensory interactions. To
this end, in this paper we present a study which had two underlying research questions:

RQI: What is the influence of cross modally matched olfactory stimuli on user mulsemedia
QoE?

RQ2: What is the influence of individual differences (smell sensitivity, age, gender,
education) on user mulsemedia QoE?

3 Methodology
3.1 Participants

We recruited 24 participants who were randomly allocated to two groups: an experimental
group (9 males and 3 females) and a control one (7 males and 5 females), as detailed in
Table 1. Participants were aged between 18 and 41 years and came from various nationalities
and educational backgrounds (Table 2). All participants spoke English and self-reported as
being computer literate.

3.2 Experimental material
3.2.1 Video clips

In our experiment, the content of the six video clips was based upon dominant visual features
including colour, brightness and angularity of objects as shown in Table 3. Each of these
videos was 120 s long and the associated frame rate was 30 frames per second. The original
soundtrack was generated from the recorded video. The resolution for the video clips was
1366 x 768 pixels and the viewing area 1000 x 700 pixels.

3.2.2 Haptic vest

To facilitate the vibrotactile experience, we chose the KOR-FX gaming vest that uses 4DFX
based auditory-haptic signals to enable haptic feedback to the left and right sides of the chest

Table 1 Stimuli assortments for the two groups

Group Olfactory

G1 Experimental Group V1- Lilial, V2-Bergamot, V3-Clear lavender, V4- Lavender,
V5- Lemon, V6- Raspberry

G2 Control Group All videos- Rosemary
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Table 2 Participants’ demographic details

Group N
Age 18-21 13
22 and above 11
Gender Male 16
Female 8
Education Undergraduate 20
Postgraduate 4

[23]. The vest is wirelessly connected to a control box meant to accept the standard sound
output of the sound card of a computer and enables the vest to vibrate in sync with the audio
input received. This type of device provides additional information about environmental
factors enabling users to immerse themselves with the on-screen content.

3.2.3 Olfactory device

For our experiment we employed the Exhalia SBi4 olfactory emitting device. This is consid-
ered by prior research more robust and reliable than other existing devices [25].

3.3 Experimental preamble

Our experiment was focused on the cross-modal correspondence between olfaction,
audio, haptic effect, and their impact on user QoE. The experiment was carried out in
a noiseless laboratory and lasted for approximately 40 min. Before the experiment, each
participant was asked to complete a pre-smell sensitivity questionnaire (Table 4). This
questionnaire consisted of a 5-point Likert scale and was developed to see if the
participants have any previous history of olfactory dysfunction/disorders or if they have
a normal sense of olfactory perception.. The Exhalia SBi4 device was placed at 0.5 m in
front of the participant, letting him/her to detect the smell in 2.7-3.2 s [24]. All
participants were explained the procedure and tasks involved in this experiment. Partic-
ipants were seated behind a table, facing the 15.6-in. Lenovo (Windows 10) laptop
screen. Each participant was then provided with headphones (iShine) and a haptic vest
to wear (KOR-FX) as shown in Fig. 1. When participants confirmed that wearing the
haptic vest was comfortable and were satisfied with the whole setup, they then continued
to view the multimedia video clips. The experiment was approved by the Ethical
Committee of Brunel University and informed consent was obtained from all
participants.

Conditions There were two conditions that differed in the provided scents:

(1) In the experimental group condition (EG) users were exposed to six scents that were
matched to the corresponding dominant visual cues: lilial and bergamot [7, 16], clear
lavender and lavender [22], lemon and raspberry [18] (Table 1). These scents were
selected based on olfactory-visual cross-modal principles.

(2) Inthe control group condition (CG) in all six videos users were only exposed to one scent
(rosemary) because of its demonstrated benefits on increasing alertness in tasks [8].
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3.4 Experimental process

The experiment involved six video clips that were accompanied by olfactory, auditory and
vibrotactile contents. Videos were viewed in a random order so that order effects were
minimised. Olfactory content was emitted using Exhalia’s SBi4 four built-in-fans blowing
through cartridges that contain scented polymer balls. A program employing Exhalia’s Java-
based SDK was used to emit olfactory content throughout the duration of the video clips.
Accordingly, scents were emitted for 10s at 30s intervals throughout the video clip (i.e. starting
at 0's, 30s, 60s, and 90s). When the Exhalia SBi4 was not emitting scents, the scent’s lingering
effect ensured that it was still noticeable for the next 20s, after which the SBi4’s fans were
switched back on to emit for the next 10s. Alongside odours, vibrotactile effects were provided
throughout the whole duration of the clips, vibrating according to the associated audio
soundtrack.

After each video clip, participants were asked to complete a subjective questionnaire with a
set of 14 questions in relation to QoE, designed to capture users’ views and their overall
experience of this experiment (Table 5). Each question was answered on a 5-point Likert scale
with positive questions anchored one end with “Strongly Disagree” and with “Strongly Agree”
at the other end. The negatively phrased questions were anchored with the opposite “Strongly
Agree” one end and “Strongly Disagree” at the other. These questions were developed based
on the System Usability Scale (SUS), widely used amongst researchers and by a variety of
industries [1].

4 Results

This study reported in this paper had two underlying research questions. Accordingly,
we will structure our analysis and discussion to mirror these. We used IBM SPSS
software to run our statistical analysis. Throughout, a significance level of 0.05 was
adopted for the analysis.

Table 3 Snapshots of the video clips with their themes and dominant visual cues

\Z
| mm | ==
== S I i e : i SR

V1 V2 V3 V5 A\
Theme: Beach  Theme: Theme: Solar Theme: Theme: Theme:
Scene Yellow Eclipse Sunrise upon  Skyscrapers Bouncing Balls
sulphur the arctic
Visual Cue: Visual Cue:
Visual Cue: Color- Visual Cue: Bright Visual Cue: Visual Cue:
Color- Blue Yellow Shape- Shape- Round
Dark Angular
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4.1 RQ1: What is the influence of cross modally matched olfactory stimuli on user
mulsemedia QoE?

To investigate the impact of cross modally matched olfactory stimuli on user mulsemedia QoE
we undertook an independent sample t-test between responses to the control and experimental
groups of our study in questions targeting user QoE in Table 5. The mean opinion scores of the
responses for both the EG and CG for each of the questions relating to smell and on the
question targeting overall on the multisensorial experience are depicted side by side on the bar
chart in Figs. 2 and 3. Our analysis revealed that there were no statistically significant
differences between responses, which shows that the influence of cross-modally matched
scents is negligible. Nonetheless, points to be remarked are that:

In terms of smell relevance, although the mean score of the cross modally-mapped smells is
slightly higher than when rosemary was used, participants in the CG also perceived the smell
to be relevant to the video.

Both EG and CG participants were neutral on the issue of the strength of the perceived smell.

Both EG and CG participants, although displaying positions slightly higher than the neutral
stance, did not consider the use of scents (cross modally-mapped or not) to cause distraction.

This pattern is again reported for both EG and CG users, who were neutral in respect of the
smells experienced being consistent with the content of the viewed video clips.

In terms of smell annoyance, although the mean score rating of both the EG and CG is
roughly halfway between neutral and agreement, the participants felt slightly less annoyed
when cross modally-mapped smells were used.

In terms of lingering effect, both EG and CG participants were neutral. This implies the
participants in both groups have perceived that the smells faded away normally after watching
the video clips.

Lastly, both EG and CG participants reported an agreement on the overall enjoyment of the
multisensorial experience. However, they were neutral about the impact of the smells
employed on enhancing their viewing experience.

4.2 RQ2: What is the influence of individual differences on user mulsemedia QoE?

In order to analyse the influence of individual differences on user mulsemedia QoE, we
undertook two different types of statistical tests. Accordingly, in order to understand if age,

Table 4 Smell Sensitivity Questionnaire

Item Description

Q1SS When I enter freshly painted rooms, I easily develop difficulty in breathing
Q2SS Sprays and drying paint give me a feeling of difficulty in breathing
Q3SS Small quantities of smoke make me cough

Q4SS As soon as I smell smoke, I have difficulty in breathing

Q5SS I cannot stay in smoky rooms for a long period of time

Q6SS Strong smell of paint gives me a feeling of nausea

Q7SS Strong smell of paint and smoke makes me feel dizzy

Q8SS I am very sensitive to the smell of petrol at petrol stations

Q9SS I develop difficulty in breathing the smell of detergents

Q10SS I cannot tolerate certain perfumes

Q11SS Exhaust gases are very unpleasant for me
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Fig. 1 A user taking part in the experiment

gender and education influence a user’s satisfaction and enjoyment of mulsemedia applications
we analysed the impact of each on self-reported QoE (Table 5). To this end, we undertook an
Analysis of Variance (ANOVA) test with age, gender and education as independent variables
and the user QoE responses as dependent variables. The result of this analysis is shown in
Table 6. Finally, we undertook a Pearson correlation test to investigate links between partic-
ipants’ smell sensitivity (Table 4) and their self-reported QoE (Table 5).

4.3 Impact of age on cross-modal mulsemedia QoE

As detailed in Table 2 we considered two age groups in our study: 18-21 years old, and over
21 years old, so as to have roughly the same number of participants in each groups (13 in the
first, 11 in the second). The ANOVA revealed a highly significant main effect of age for Q6,
Q7, Q10, Q11 and Q14 (Table 5) and no significant differences in the mean value for other
responses.

Our analysis also highlights that the main effect for age group is significant for Q6
(p=.006) and Q7 (p=.003). Hence the 18-21 years old group agreed (meangyeiifading = 3-32)
the smell faded away slowly after watching the video clip as opposed to the older group (over
21 years old) who tended to disagree (meangyciifading = 2.61). The same applies to Q7 and the

Table 5 Self-Reported Mulsemedia QoE Questionnaire

Item Description

Q1 The smell was relevant to the video clip I was watching

Q2 The smell came across strong

Q3 The smell was distracting

Q4 The smell was consistent with the video clip when released

Q5 The smell was annoying

Q6 The smell faded away slowly after watching the video clip

Q7 The smell enhanced my viewing experience

Q8 I enjoyed watching the video clip whilst wearing a Haptic vest

Q9 The Haptic vest effects were relevant to the video clip I was watching
Q10 The vibration was distracting

Q11 The vibration was annoying

Q12 The Haptic vest effects enhanced the sense of reality whilst watching the video clip
Q13 The Haptic vest effects enhanced my viewing experience

Ql4 Overall, I enjoyed the multisensorial experience
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younger group (meangyejienhance = 3-30) were again more positive than their older counterparts
(Meangpeienhance = 2.60) in respect of the fact that they considered that the smells employed
enhanced their viewing experience.

With regard to the questions about the vibration of the vest (Q10 and Q11), results show
that 18-21 years old users were more distracted (meang;syaction=3-42) and annoyed
(meanynoyance = 3.55) by the vibration from the haptic vest than users from the older group
(meangigiraction = 2.88; Meanynoyance = 3.00), and that these differences are statistically signifi-
cant (p =.001 in both cases). These results imply that younger users are more positive towards
the use of olfactory-enhanced viewing experiences, whilst older users tend to prefer experi-
ences in which effects generated by the haptic vest are in place. Overall the 18-21 years old
group enjoyed the multisensorial experience (meang,jq, =3.17) (Q14) more than the older
generation (meangyj,, = 2.84), with differences again being statistically significant between the
two groups (p =.020).

4.4 Impact of gender on cross-modal mulsemedia QoE

The gender of participants significantly influences the responses to Q3, Q4, QS5, Q10, QI11,
Q13 and Q14. Accordingly, the ANOVA revealed a highly significant main effect of gender
(p=.000) for Q3. Females scored more (meang;saction = 3-84) than males (meangjgacion = 3-17)
in respect of the smell being distracting. The literature [9] also suggests that women are more
sensitive than men to odorant, which might explain why females considered the olfactory
effects to be more distracting.

Once again there is a significant effect of gender (p=.006) for Q4 in which females
(Mean gpsistence = 3-13) felt more than males (mean opgisience = 2.64) that the smell was consistent
with each video clip. The same applies to Q5 (the smell was annoying) when females
(mean,ynoyance = 3.82) were more annoyed than males (meanyynoyance = 3.47), with the differ-
ences between the two groups being significant (p =.035). Our result is in line with previous
studies. For instance, in an experiment conducted by [3], women outperformed men in the
identification of four olfactory stimuli by 92.5%. The same trend was revealed in another study
[10], where women outperformed men on 45 out of the 50 stimuli (90%).

Moreover, female participants were significantly (p =.008) more satisfied with the haptic
vest enhancing their viewing experience (Q13, meangpance = 3.40) than males (meangypance =
2.80); overall, females enjoyed the multisensorial experience (Q14, meangj,, = 3.22) more

4.00 3.67
3.45 349 3.54

3.50 3.19 330 3.26 3.15 3.19
® 3.00 272 281 2.87 2.87
8 2.54
v
2 2.50
L
£ 2.00
S
= 1.50
3
S 1.00

0.50

0.00

Q1 Q2 Q3 Q4 Q5 Q6 Q7
Questions MEG CG

Fig. 2 Mean QoE opinion scores for EG and CG (Q1-Q7)
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g 3.50 331 324 3.07 324 3.20 3.24
£ 3.00
c
S 2.50
£
2 2.00
o
c 1.50
3 1.00
21

0.50

0.00

Q14 a1s Q16 Q17 Q18 Q19 Q20

Questions mEG cG

Fig. 3 Mean QoE opinion scores for EG and CG (Q8 — Q14)

than males (meang,jo, =2.70), with differences being significant statistically (p =.006). This
highlights that whilst female users seem to be more sensitive to the effects introduced by scents
in mulsemedia, they appreciate haptic vests effects and enjoy cross-modal mulsemedia
experiences more than males.

4.5 Impact of education level on cross-modal mulsemedia QoE

The mean value of responses to Q8 and Q9 are significantly determined by education. With
regard to the haptic vest effects, the result shows the mean value for responses to Q8 (I enjoyed
watching the video clip whilst wearing a Haptic Vest) is significantly determined by education
(p =.029). Accordingly, participants with postgraduate education enjoyed watching the videos
wearing the haptic vest (meanp,picenjoy = 3.38) more than the undergraduate group
(meanpapicenjoy = 2-95). Interestingly, there is also a significant effect of education (p =.002)
in the mean value of responses to Q10 where once again postgraduate group felt that the haptic
effects were more relevant to the video clip they were watching (mean,gjeyance = 3.63), com-
pared to the other group (mean,gjeyance = 2.84).

Table 6 Factorial ANOVA test of impact of individual differences on QoE

Questions Age Gender Education
F Sig. F Sig. F Sig.
Q1- the smell was relevant to the video clip I was watching 3.073 .082 1.518 .220 3.429 .066
Q2 — The smell came across strong 014 907 2.124 .147 .029 .866
Q3 — The smell was distracting 477 491 14211 .000 .047 .828
Q4 — The smell was consistent with the video clip when released ~ 1.095 297 7.957 .006 .209 .635
QS5 — The smell was annoying 100 752 4.539  .035 .000 .983
Q6 - The smell faded away slowly after watching the video clip 7.758 .006 1.143 287 .764 384
Q7 — The smell enhanced my viewing experience 8.892 .003 278 599 .015 .903

Q8 — I enjoyed watching the video clip whilst wearing a Haptic Vest 3.709 .056 1.452 230 4.855 .029

Q9 — The Haptic Vest effects were relevant to the video clip I was .622 432 .196  .659 9.826 .002
watching

Q10 — The vibration was distracting 11.389 .001 .397  .530 2.892 .091

Q11 — The vibration was annoying 10.883 .001 1.338 .249 2.033 .156

Q12 — The Haptic Vest effects enhanced the sense of reality whilst 3.087 .081 1.856 .175 1.909 .169
watching the video clip

Q13 — The Haptic Vest effects enhanced my viewing experience ~ 2.013  .158 7.155 .008 .155 .695

Q14 — Overall, I enjoyed the multisensorial experience 5.536  .020 7.829 .006 2.945 .088
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4.6 Interaction effect between gender and education

We also conducted Simple Effect test in SPSS to determine if a three-way interaction effect
exists between age, gender and education in response to the questions. An interaction effect
occurs when the effect of one independent variable (age, gender and education) on the
dependent variable (Table 5) depends on the level of the other independent variable.

In response to Q2 (The smell came across strong), neither gender nor education have a
statistically significant influence but the interaction of gender and education has a statistically
significant effect on the average (p=.014). Therefore, we conducted a simple effect test to
understand how the effect of gender vary across different level of education. The result
obtained shows that the average of gender is significantly different across the education
(Table 7) and hence participants with postgraduate qualification had an influence on the
average.

4.7 Relationship between smell sensitivity and self-reported QoE

In this section, we present the analysis and discussion of the results obtained from our
correlation analysis between user responses to the smell sensitivity questionnaire and the on-
screen QoE questionnaire. To this end, a Pearson correlation test revealed the following:

* Based on the results of the study, Q1 is strongly related to Q4SS (r=.277) for the EG as
there is a statistically significant positive correlation (p =.019). So, participants who report
that they have difficulty breathing when they encounter smoke, nevertheless found cross
modally matched odors relevant to the video clips they were viewing. Similarly, there was
a statistically significant negative correlation between Q1 and Q5SS (r=-.248; p=.036)
for the CG. This indicates that the less participants are likely to be able to stay in smoky
rooms for a long period the more they associate the single rosemary scent used in the CG
videos as being relevant to the content watched.

* The correlation between Q2 and Q11SS was negative and statistically significant (p =.002;
r=-—359) in the EG. In this case participants who find exhaust gases smell very unpleas-
ant, in contrast found the odors used in the experiment were not strong. For the CG, there
were insignificant results suggesting participants in this group found the smell of rosemary
subtle than strong.

» There was a statistically significant correlation between Q3 and Q10SS for the EG with a
negative correlation (r=—351; p=.003). This reveals that participants who self-reported
as not being able to tolerate certain perfumes, did not deem odors to be distractive. Also,
there were negative correlations in the CG with statistically significant results in respect of
Q3 and Q2SS (r=-.256; p=.033) as well as Q5SS (r=—396; p=.001). Thus, partici-
pants who stated that they have difficulty breathing with smells associated to sprays and
paint as well as not being able to stay in smoky rooms for a long time, did not perceive the
odors as distractive.

* The p-values for the correlation between Q4 and smell sensitivity questions for both
groups (EG and CG) are greater than the significance level of 0.05, which indicates that
the correlation coefficients are not significant. This implies that the smells were found to be
consistent when released amongst the video clips.

* For the EG the correlation between Q5 and Q7SS was positive (r=.239; p=.043). The
participants who have self-reported that they feel dizzy when they come across strong
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smells of paint and smoke, equally found the odors were annoying. Also, the relationship
between Q5 and Q10SS variables were negatively correlated and significant (r =—.285;
p =.015). Thus, although participants cannot tolerate certain perfumes, they did nonetheless
find odors less annoying. In the CG there were negative correlations with statistically
significant results Q1SS (r=-.241; p=.044), Q2SS (r=—248; p=.039) and Q5SS (r=
—.326; p=.006). When participants smell paint and sprays, they develop difficulty in
breathing. Also, the participants who are not able to stay in smoky rooms for a certain
time, nonetheless perceived the odors less annoying.

* In respect of Q6 there were statistically significant positive correlations amongst Q2SS
(r=.274; p=.021) and Q5SS (r=.270; p=.023) in the EG. This shows the participants
who develop difficulty breathing with concentrated smells such as sprays and drying paints
also cannot stay in smoky rooms for a long time — if smells are cross modally-mapped.
Hence, EG participants disagreed in the smell fading away, as they rather felt it lingered.
Furthermore, there were insignificant correlations in the CG, indicating that the lingering
effect of the smell may have not been as noticeable because only one smell was used
throughout all the videos.

* In Q7 there were statistically significant positive correlations as regards Q5SS (r=.442;
p=.000) and Q7SS (r=.410; p=.000) in the EG. Though, participants cannot stay in
smoky rooms for a long period and smells such as smoke and paint cause difficulty in
breathing, the different types of cross modally mapped odors used in our experiment
enhanced their viewing experience as they were not highly concentrated. For the CG Q1SS
(r=-2302; p=.012) and Q11SS (r=-.257; p=.034) were significant with negative
correlations. Participants who state that they have difficulty breathing when they smell
paint and find the exhaust gases smell unpleasant, correspondingly found the odors did not
enhance their viewing experience.

* In Q8 there were statistically significant negatively correlated responses with respect to
Q6SS (r=-.347; p=.003), Q8SS (r=—351; p=.003) and QISS (r=—354; p=.003) in
the EG. Thus, participants in the EG who self-reported that the smells of paint and petrol
affect them, causing difficulty in breathing, feeling nauseous and are sensitive to the smell
of detergents, impacted their enjoyment of watching videos with the effects
generated by the haptic vest. Moreover, Q10SS also has a positive correlation
with a significant value (r=.366; p=.002). Participants who are sensitive to
certain perfumes favored in wearing the haptic vest when scents are cross modally
mapped. As regards the CG Q1SS (r=-.246; p=.041), Q3SS (r=-.251; p=.037),
Q10SS (r=-.265; p=.028) and Q11SS (r=—290; p=.016) all correlated nega-
tively with Q8. Accordingly, participants who reported that they have difficulty in

Table 7 Interaction effect between gender and education

Education (A) B) Mean Difference (A-  Std. Sig.  95% Confidence Interval
Gender Gender B) Error for Difference
Lower Upper
Bound Bound
Undergraduate Male Female 367 210 .083 —.049 783
Female Male -.367 210 .083 —.783 .049
Postgraduate ~ Male Female -1.333" 429 .002 —2.181 —.485
Female Male 1.333" 429 .002 485 2.181
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breathing when entering freshly painted rooms, small quantities of smoke cause
them to cough, cannot endure certain perfumes and find the exhaust gases smell
unpleasant were underwhelmed in watching the video clips with a haptic vest.

* There was a positive relationship in the EG amongst Q9 and Q7SS (r=.262; p =.026).
This highlights that participants who feel dizzy when sensing smells such as paint and
smoke yet found the haptic effect relevant to the video clips — as long as cross
modally mapped scents are employed in the mulsemedia environment. The nega-
tively correlated variables Q8SS (r=-—.462; p =.000) and Q9SS (r=-.297; p=.011) tell us
that participants have smell sensitivity with petrol and detergents create difficulty in
breathing. Hence, they did not find the haptic effects relevant to the video clips they
viewed. Only Q8SS (r=-311; p=.008) was significant with a negative correlation in
the CG which means that for participants who are sensitive to petrol smell, the haptic vest
effects were professed not to be relevant in relation to the video clips.

* As far as Q10 is concerned, Q6SS (r=-292; p=.014), Q8SS (r=—.354; p=.003) and
Q1ISS (r=-.432; p=.000) correlated negatively, whereas Q7SS (r=.237; p=.048)
correlated positively in the EG. The negative correlations show that participants who are
sensitive to the smell of petrol, for whom strong smells of paint make them feel nauseous
and who feel that exhaust gases are unpleasant did not find the haptic vest distracting.
Consequently, for the positive correlation Q7SS (r=.237; p =.048) participants for whom
smells of paint and smoke make them feel dizzy, found the haptic vibrations distractive. In
the CG Q1SS (r=-.390; p=.001), Q2SS (r =—.340; p =.005), Q3SS (r=—369; p =.002)
and Q4SS (r=-.241; p =.047) were statistically significant and correlated negative. This
highlights that participants who have difficulty breathing when coming across smells such
as paint, sprays and smoke as well as small quantities of smoke, nevertheless found the
haptic vest vibrations less distracting.

* In Q11 there were negative correlations with Q6SS (r=-.400; p=.001), Q8SS (r=-.349;
p=.003), Q9SS (r=—251; p=.035) and Q11SS (r=-.464; p=.000) in the EG, whereas
Q10SS was positively correlated (r=.249; p =.036). The negative correlations show that
participants whose smell sensitivity is affected and self-report as experiencing nausea
when sensing paint, are sensitive to petrol smell, have difficulty breathing when encoun-
tering detergents and that the smell of exhaust gases are unpleasant for them did also found
the haptic vest vibrations annoying, when cross modally-mapped scents were used in our
study. In contrast, the positive correlation implies that while some participants cannot
tolerate certain perfumes, they nonetheless found the vibrations of the haptic vest rather
annoying. For the CG Q1SS (r=—297; p=.013) and Q3SS (r=-292; p=.014) were
significantly but negatively correlated with Q11. Thus, vibrations of the haptic vest were
found to be annoying when experiencing associated rosemary scents, by users for whom
the smells of paint and small quantities of smoke affect their breathing, making them
cough.

* In the EG for Q12 there were three significant positive correlations Q1SS (r=.245;
p=.039), Q7SS (r=.266; p=.025) and Q10SS (r=.425; p=.003). The participants
who would have breathing difficulties, feel dizzy when encountering smells of paint and
smoke, felt that the effects of the haptic vest enhanced the sense of reality as long as cross
modally matched smells are used. The same applies for the participants who cannot
tolerate certain perfumes. However, the negative correlations Q6SS (r=-293; p=.013)
and Q8SS (r=-.508; p =.000) suggest that those who feel nausea with paint smell and are
sensitive to the smell of petrol, found the haptic vest effect did not enhance the sense of

@ Springer



2390 Multimedia Tools and Applications (2021) 80:2377-2394

reality. In respect of CG participants, no statistically significant correlation were found
between user responses to the smell sensitivity questionnaire and Q12.

* In QI3 significant positive correlations were found with QISS (r=.241; p=.044) and
Q10SS (r=.425; p=.000) in the EG. Accordingly, participants who have difficulty
breathing when entering freshly painted rooms and cannot tolerate certain perfumes even
so found that the haptic vest effects enhanced their viewing experience. The negative
correlations associated to Q13 were Q6SS (r=—.373; p=.001) and Q8SS (r=-.508;
p =.000) with significant results. Hence, participants who report that the strong smell of
paint makes them feel nauseous and who are also sensitive to the smell of petrol found that
haptic effects did not enhance their viewing experience when cross modally-mapped
scents are used. In the CG Q10SS (r=-.309; p=.013) and Q11SS (r=-.366; p=.003)
were significant with a negative correlation. Participants who cannot tolerate certain
perfumes and find the smell of exhaust gases unpleasant, found the use of the haptic vest
effects did not enhance their viewing experience.

* In Q14 there were negative correlations with Q6SS (r=-.298; p =.012), Q8SS (r=-.366;
p=.002), and Q9SS (r=-.367; p=.002) whilst one variable correlated positively, namely
Q7SS (r=.310; p=.008), in the EG. The negative correlations indicate that participants
would feel nausea with the strong paint smell and are sensitive to petrol smells as well as
have difficulty breathing when sensing detergents did not enjoy the multisensorial expe-
rience. On the other hand, the positive correlation shows those who would feel dizzy with
strong smells of paint and smoke did enjoy the multisensorial experience when cross
modally-mapped scents of lilial, bergamot, clear lavender, lavender, lemon and raspberry.
Furthermore, when only rosemary was employed throughout, there were positive correla-
tions in the CG between Q14 and Q6SS (r=.287; p=.016), Q7SS (r=.332; p=.005) as
well as Q9SS (r=.435; p=.000). Accordingly, users for whom strong smells of paint and
smoke cause them to feel nauseous and dizzy, as well as having their breathing affected by
the smell of detergents nevertheless enjoyed the multisensorial experience.

The Pearson correlation test revealed that the CG had more participants agreeing with (Q1SS)
than the EG. In the CG the odours used in our experiment were considered annoying and did
not enhance the users viewing experience when linked to Q1SS. With regard to the haptic vest
the effects did not contribute in improving the participant’s enjoyment. Even though the
participants in the EG agree to Q1SS, the haptic vest effects made a positive difference in
terms of the users overall viewing experience with cross modally mapped scents. It is clear that
the six different scents as well as the haptic vest made a great impact on the users experience
whereas the single scent not so much. In the CG, participants who relate to (Q2SS) perceived
the odours reasonably pleasant and were satisfied with the haptic vest vibrations. However, in
the EG participants disagreed the lingering effect of the odours faded away. This could be
because there were different cross modally mapped scents used in the EG whereas in the CG
there was only one. Most participants in the CG who agreed with (Q3SS), were not amused
with the haptic vest which affected their experience.

Respectively, for Q4SS in the EG participants were able to relate the cross modally
matched odours to the videos and in the CG they did not observe the vibrations to be
distracting. In Q5SS for the CG the haptic vest did not appear bothersome amongst partici-
pants. Although, in the EG for Q5SS the participants acknowledged the lingering effect of the
smells did not fade away, they felt the use of cross modally mapped scents did enhance their
viewing experience. In the EG for Q6SS the haptic vest effects were not deemed inconvenient
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but received negative feedback in terms of the whole multisensorial experience. Many
participants in the EG who relate to Q7SS felt that the cross modally mapped odours were
annoying, but enhanced their viewing experience to a certain extent. Also, the haptic vest was
well received even though the participants did not enjoy the multisensorial experience but the
CG enjoyed it. For Q8SS the EG participants were discouraged with the use of the haptic vest
when viewing the content, it did not influence their experience.

Participants in the EG who agree with Q9SS were not fond of the haptic vest effects and did
not see the relevance to the content. The haptic vest restricted the user’s multisensorial
experience. Oppositely, the CG participants enjoyed the multisensorial experience. In the
EG QI10SS displayed that participants were overjoyed in wearing the haptic vest when scents
are cross modally mapped. Conversely, in the CG participants were not so keen in watching
the video clips whilst wearing the haptic vest. To this end the users QoE was not enriched.
Lastly, participants in the EG who agree with Q11SS found the odours delicate than strong and
were delighted with the haptic vest effects. On the other hand in the CG the participants were
not pleased in watching the videos with the haptic vest and felt the odours did not comply with
the content presented.

5 Conclusions

This paper reports the results of a study which sought to answer two research questions:

RQI. What is the influence of individual differences (smell sensitivity, age, gender,
education) on user mulsemedia QoE?

RQ2. What is the influence of cross modally matched olfactory stimuli on user mulsemedia
QoE?

From the results obtained of the influence of individual differences (age, gender and
education) on user mulsemedia QoE we can conclude overall, compare to the older generation,
the 1821 years old group enjoyed the multisensorial experience more than above 21 years old
users. In terms of olfactory experience the younger group had positive feedback as oppose to
the former group and were more positive towards the use of olfactory-enhanced viewing
experiences. However, the older generation preferred experiences in which effects generated
by the haptic vest were in place.

In terms of the influence of gender, in line with previous studies in the literature, our result
also conclude that females are more sensitive to smell compare with males. Females were also
more satisfied with the haptic experience than males. Therefore, female users were more
sensitive to the effects introduced by scents in mulsemedia and they appreciated haptic vests
effects. Moreover, results showed they enjoyed cross-modal mulsemedia experiences more
than males.

Education of our participants also had effect on their mulsemedia QoE. With regard to the
haptic vest effects, the result showed, participants with postgraduate education enjoyed
watching the videos wearing the haptic vest more than the undergraduate group. Postgraduate
group felt that the haptic effects were more relevant to the video clip they were watching,
compared to the other group.

Finally, our analysis of three-way interaction effect between age, gender and education
showed the interaction of gender and education had a statistically significant effect on the
average to the responses given for Q2. The result obtained showed that the average of gender is
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significantly different across the education and hence participants with postgraduate qualifi-
cation had an influence on the average.

In conclusion there were numerous correlations found between the questionnaires (smell
sensitivity and QoE). It appears that most users had a satisfying overall experience and the
cross modally matched odours as well as the haptic vest were perceived positively.
This is emphasised in the CG where participants who relate to QS5SS, Q6SS, Q7SS
and Q9SS found the single rosemary scent relevant to the videos (Q1) and generally
enjoyed the multisensorial experience (Q14) this could be because there was only one
scent used throughout the videos. Moreover, in both groups participants who relate to
Q2SS, Q5SS and Q10SS did not find the cross modally matched odours distractive
(Q3). This could be due to the odours being less intense and more bearable than the
highly concentrated smells. However, in respect of the EG participants who relate to
Q7SS found the odours rather annoying (QS5). This shows that any type of scent
would have a negative effect on them as shown in Q7 the participants did not enjoy the
multisensorial experience. Nonetheless, more participants in the CG embraced this experiment
satisfying as opposed to the EG. This could be because different types of odours were used in
the EG where some were preferred more than the others. Our exploratory work has highlighted
the importance of considering individual differences in mulsemedia environments and raised
the possibility of interesting future work; of particular interest is the investigation of other
individual differences (e.g. personality, learning style, culture) on cross modally matched
mulsemedia. Whilst our work has highlighted valuable insights, the set of human factors
examined here is not exhaustive; other determinants such as personality, culture and learning
styles are all worthy of future exploration.
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