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ABSTRACT

Our mental state influences how we behave in and interact with the everyday world. Both
uncertainty and emotions can alter our mental state and, thus, our behaviour. Although the
relationship between uncertainty and emotions has been studied, research into this
relationship in the context of daily travel is lacking. Emotions may influence uncertainty,
just like uncertainty could trigger emotional responses. In this paper, a study is presented
that explores the relationship between uncertainty and emotional states in the context of
daily travel. Using a diary study method with 25 participants, emotions and uncertainty that
are experienced during daily travel while using multiple modes of transport, were tracked
for a period of 14 days. Diary studies allowed us to gain detailed insights and reflections
on the emotions and uncertainty that participants experienced during their day-to-day
travels. The diary allowed the participants to record their time-sensitive experiences in
their relevant context over a longer period. These daily logs were made by the participants
in the m-Path application. Participants logged their daily transportation modes, their
emotions using the Geneva Emotion Wheel, and the uncertainty that they experienced
while travelling. Results show that emotions and uncertainty influence one another
simultaneously, with no clear causality. Specifically, this study observed a significant
correlation between negative valence emotions (disappointment and fear) and uncertainty,
which emphasises the importance of uncertainty and the management of negative valence
emotions in travel experiences.
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INTRODUCTION

Emotions influence how we behave in and plan for the everyday world (Scherer,
2005). Just like emotions, another influence on our behaviour is uncertainty
(Kappes et al. 2018; Windschitl and Wells, 1996). Our behaviour plays a key role
in road safety (Sagberg et al. 2015; Shinar, 2017; Wegman, 2017). The
correlation between uncertainty and emotions in traffic, however, is still to be
explored. This potential correlation can lead to new insights into how we view
uncertainty in its relationship with our emotions in traffic.

Uncertainty

Uncertainty has been researched as a psychological construct (Kappes et al. 2018;
Rowe, 1994; Windschitl and Wells, 1996). Researching this psychological
uncertainty itself can be done by asking participants how they perceive their own
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uncertainty. In this case, the research looks at uncertainty as something of which
the participant has their own understanding of, and the values can thus not be
compared between participants. It could, however, still be beneficial to research
the correlation between uncertainty and emotions within individuals to further
understand both constructs and to offer more possibilities for the measurement of
uncertainty through correlating concepts.

Emotions

Measurement of human emotions can be done by analysing bodily features or
through self-reporting. Analysis of the body for deriving emotional state can be
done, for instance, via heart rate variability (Quintana et al. 2012) and video
analysis of facial features (Mower, Matari¢, and Narayanan, 2010). For self-
reporting emotions, a metareview by Fuentes et al. (2016) analysed 40 papers
discussing relevant research technologies and designs. Another method to
measure emotions is the 'Geneva Emotion Wheel' (GEW) (Scherer, 2005;
Scherer, Fontaine, Sacharin and Soriano, 2013), which is a theoretically derived
and empirically tested instrument that aids the process of measuring emotional
reactions during events. When implementing the GEW the participants are asked
to indicate the emotion(s) that they experience. The participants can choose from
20 distinct emotions, that are arranged between positive and negative valence, as
well as high control and low control (Scherer, 2005; Scherer, Fontaine, Sacharin
and Soriano, 2013). For each emotion, participants can select the intensity of the
emotion.

Relation between uncertainty and emotions

Existing literature shows a predominant association between uncertainty and
negative emotional states (Anderson et al. 2019; Morriss et al. 2022).
Additionally, uncertainty is shown to increase affective reactions (Bar-Anan,
Wilson and Gilbert, 2009). However, in the context of daily travel, no such work
exists. In this context, the relationship and causality between emotions and
uncertainty are yet to be explored. Uncertainty can trigger emotional responses
(Morriss et al. 2022) and, as mentioned by Anderson et al. (2019), whether
emotion can influence uncertainty is an area that deserves further research. Our
research specifically looks at experienced uncertainty during day-to-day travel,
with no prior exploratory studies within this field. The goal is to explore the
correlations between uncertainty and emotions in travel. An approach to
exploring these emotions is using a diary study approach, which can be beneficial
in finding the emotions that people experience (Janssens et al. 2018). The usage
of a diary for this purpose in the context of daily travel is an existing method
supported by previous research (Gulian et al. 1990).

Diary study

Diary studies are a method in which participants keep a log of their activities,
experiences and thoughts (Janssens et al. 2018). A diary study can span from a
few weeks to months, depending on the context and scenario in which
measurements are being made. A diary study approach could offer the ability for
participants to log their daily emotions and uncertainty that they experienced
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while traveling. These participants can log their daily travel, in a diary or an
application like m-Path (Mestdagh et al. 2023), and give contextual insights
about real-time user experiences and contribute towards the understanding of the
emotions and uncertainty that they experience. These quantitative insights of
qualitative data can contribute towards finding the link between experienced
emotions and uncertainty.

METHODOLOGY

In this study, we look at the influence that emotions have on uncertainty and the
influence that uncertainty has on emotions. These effects are measured using a
diary study method on the daily emotional experiences and the role that they play
on the uncertainty of participants in their travels, whilst also measuring the role
that uncertainty plays on the emotional state of participants.

Participants

In total, 34 potential participants were recruited via a study invitation based on
convenience sampling (Golzar, Noor and Tajik, 2022). From this sample, 25
participants completed all steps in the study (M=8, F=17) and ages ranged from
19 to 34 (M=25.3, SD=3.3). All participants selected the Netherlands as their
country of residence. 20 participants reported having a driver's license, and 5
reported not having one. The primary mode of transportation was chosen as
bike/moped (13), followed by car/motorcycle (4), train (4) and walking (4).
Estimated daily travel time ranged from 0.5 hours to 2 hours (M=1.04, SD=0.54).

Procedure

All participants signed an informed consent prior to their participation. The study
was executed fully digitally, not requiring participants to come to a physical
location. This study started with the installation of the m-Path application
(Mestdagh et al. 2023) on participants’ devices. This application allowed for
sending participants notifications reminding them to fill out the questionnaires
and subsequently offered a platform to show questionnaires directly on their
mobile phones. All participants received a guide with instructions on
questionnaire reporting, to provide consistency.

During the first day, participants filled out a demographic questionnaire. Next
to basic demographics, we also measured how often participants considered they
experienced emotions from the GEW and uncertainty during their day-to-day
lives. The ‘none’ option of the GEW was created as a separate option that
participants could select.

For the following 14 days, participants were instructed to complete a
questionnaire after each time they completed a travel. The participants were
instructed that it was preferred to report directly after travelling, but in case this
was not possible, reporting later on the same day was allowed. For the purpose of
this research, travelling was defined as "moving between two different places for
at least 5 minutes of movement". Participants reported their travel goal, mode of
transport, duration, level of uncertainty, and level of emotions from the GEW.
Levels of the emotions and uncertainty were recorded on a 7-point Likert scale
(Jebb, Ng and Tay, 2021). Numerical values were not shown on the Likert scale
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to aim to avoid skewing uncertainty data with an approach focussed on numbers
(Windschitl and Wells, 1996). For each experienced emotion, participants could
select if their (lack of) uncertainty did (not) influence the emotion, and if the
emotion did (not) influence their lack of uncertainty. Participants were instructed
to report all emotions and uncertainty they experienced during their travel. At the
end of each travel entry, participants had the opportunity to add remarks. Each
day, participants received questionnaire reminders at 9:30, 12:30, and 17:30 in
the form of a questionnaire notification. Upon opening the m-Path application,
participants could create a new travel entry at any time, to not limit them from
their regular travel schedule and keep flexibility in reporting opportunities.

After recording their daily travel experiences for 14 days, participants were
asked to complete a questionnaire regarding their influence of uncertainty on
emotions, and their influence of emotions on uncertainty during the study period.
As a token of appreciation, participants who completed the study received a 10-
euro gift voucher for their participation. This study procedure was approved by
the Ethical Review Board of the Eindhoven University of Technology.

Data analysis

All data for this study was analysed using SPSS Statistics. A two-tailed
Spearman test (Myers and Sirois, 2006) was applied for insights into correlations
due to the ordinal nature of the Likert scale data that was used to collect ratings
for the selected emotions and uncertainty. Correlations were deemed significant
once p<0.05 with Bonferroni correction applied (Napierala, 2012). The strength
of significant correlation coefficients was interpreted using practice from the field
of psychology (Akoglu, 2018).

RESULTS

During the research the correlation between uncertainty and emotions while
travelling is measured in three phases. It is measured during the 'staring
questionnaire' in which participants are asked to review how often they think they
experience emotions and uncertainty in their day-to-day lives. The second phase
exists out of the 'daily travel reports' in which participants reported on the
emotions that they experienced during travel, as well as their experienced
uncertainty. Here participants were also asked if they thought their uncertainty
had an influence on each emotion and vice-versa. During the third phase
participants filled in the 'end questionnaire' where they were asked if they thought
that their emotions influenced their uncertainty and vice-versa. All three phases
are analysed separately to find correlations and are later reviewed to discuss the
similarities and differences.

Starting questionnaire

Ratings on emotions and uncertainty are visualised in a bar graph (see Figure 1).
The correlation between uncertainty and emotions is analysed from the 'starting
questionnaire'. The Spearman testing (Bonferroni corrected) found a strong and
significant correlation between uncertainty and anger (r(23) = .70, p = .002). The
other analysed correlations (P-value can be >1 due to Bonferroni Correction)
emotions and uncertainty were: interest (r(23) = .34, p = 1.973), amusement
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(r(23) = -.17, p = 8.839), pride (r(23) = -.45, p = .498), joy (1(23) =-.07 , p =
15.734), pleasure (r(23) = .05, p = 16.767), contentment (r(23) = -.12, p =
12.005), love (r(23) = .10, p = 13.116), admiration (r(23) = .23, p = 5.809), relief
(r(23) = .08, p = 14.682), compassion (1(23) = .28, p = 3.621), sadness (r(23) =
32, p = 2.502), guilt (r(23) = .28, p = 3.584), regret (r(23) = .12, p = 12.088),
shame (r(23) = .22, p = 6.310), disappointment (r(23) = .30, p = 3.170), fear
(r(23) = -.05, p = 17.438), disgust (r(23) = -.02, p = 19.600), contempt (r(23) =
22, p = 6.058), hate (r(23) = .51, p = .190), and 'an absence of emotions' (r(23) =
13, p=11.089).

Uncertainty and emotion rating

Figure 1: Participant reports about uncertainty and emotions. Question used: “I often
experience [emotion inserted] in my day-to-day life”.

Daily travel reports

For the duration of two weeks, participants indicated what emotions they
experienced and how much uncertainty they felt during their travels. For each
emotion selected, participants were asked to rate the level of the emotion and
were also asked if they thought the emotion had an influence on their uncertainty
and their uncertainty on the emotions. Data on the experienced emotions and
their relationship with uncertainty, are visualised in Figure 2 and Figure 3.

The Spearman test was used to find the correlation coefficient for the selected
level of individual emotions and the reported level of uncertainty. Testing shows
a moderate and significant correlation between uncertainty and disappointment
(r(47) = .60, p < .001). Next to that, uncertainty and fear (r(67) = .71, p < .001)
are strongly correlated. The other non-significant analysed correlations between
emotions and uncertainty were: interest (r(75) = .30, p =.154), amusement (r(68)
= .08, p = 10.028), joy (r(149) = -.08, p = 6.414), pleasure (r(70) =.04, p =
14.614), contentment (r(101) = .26, p = .0183), love (r(17) = -.11, p = 13.338),
relief (r(50) = -.07, p = 12.870), sadness (r(31) = .44, p = .230), regret (r(30) =
.15, p = 8.516), disgust (r(8) = .24, p = 10.069), pride (r(23) = .41, p = .829),
shame (1(5) = .72, p = 1.423), admiration (r(10) = .29, p = 7.112), compassion
(r(14) =-.05, p = 17.274), contempt (r(18) = .19, p = 8.354), anger (r(28) = .50, p
= .101), guilt (r(11) = .25, p = 8.335), and hate (r(1) = 1.00, p = could not
computed by SPSS).



6 Franssen and Verstegen et al.

Self-report whether emotion influenced uncertainty
100 »

60 56,

s s a8

Count
]
o

& x & & ae 'y & X A @ & & o * x &
@ 2 L R & Ny 3 & & & & © o & 5 N & & & £
& & F O & E & EF &Y P E @ FF
& & & & < < & 2 & & & <
S & & & T & e
¥ s o R
&

mnfluence ® No influence

Figure 2: Reported count of where emotion influenced uncertainty.

Self-report whether uncertainty influenced emotion

140
120
100
-
£ 80 s
s
S 60 5
40 -
s 7 7 P s . .
] ‘" AW el e ) 1 . n
~ o o x L -~ @ x e & & > & . o > o &
7‘3‘;’ & & & & & ,Q?% & & s 4@0 = o é\e <~°'L’ @Q & &
<8 & & 1@ w S < o o @e « @
& & g & ) & Q¥ é‘ LP &
& & e} & & &
s & R

minfluence m No influence

Figure 3: Reported count of where uncertainty influenced emotion.

Ending questionnaire

In the ending questionnaire, participants reported that during the study, their
emotions influenced their uncertainty on average with 3.28 (on a 7-point Likert
scale, with 1 being very little and 7 being very much SD=3.28). In total,
participants selected 79 emotions to have influenced their uncertainty. The most
frequently reported emotions that influence uncertainty were fear (15), joy (10),
and sadness (7); see Figure 4 for details. On average, participants rated that
uncertainty influenced emotions with a score of 3.48 (1-7 Likert scale, very little-
very much, lowest answer=1, highest=7, SD=3.48). The most picked emotions to
influence uncertainty were fear (14), joy (9), relief (5) and amusement (5). In
total, participants selected 66 emotions that they considered to be influenced by
uncertainty during the study, see Figure 5.
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Figure 4: Overview of self-report looking back at study: count of the selected emotions
that influenced uncertainty
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Figure 5: Overview of self-report looking back at study: count of the selected emotions
that were influenced by uncertainty

DISCUSSION

The executed study derived insights into the three phases the participants
experienced during the study. Firstly, the emotions and uncertainty participants
considered they experienced in day-to-day life before participating in the study.
Secondly, the relationship that was present during the study. Lastly, participants
reflected upon the relationship after the study. In the following paragraphs, we
will look further into the outcomes per phase.

Before study: starting questionnaire

The starting questionnaire found a significant relation between participants
experiencing uncertainty and anger in the reported day-to-day experiences. Anger
falls on the high control side of the GEW, and is slightly shifted towards negative
valence (Scherer et al. 2013). Participants rated experiencing a relatively low
amount of uncertainty in their day-to-day life. Emotions classified by the GEW
closer to positive valence emotions (Scherer et al. 2013) received more frequent
ratings, as can be seen in amusement, joy, and love. Negative valence emotions,
on the other hand, received lower ratings.

During the study: the daily travel reports

Daily travel reports gave insight into the fact that there was a significant and
moderate correlation between uncertainty and disappointment. Next to that, there
is a strong and significant correlation between uncertainty and fear.

Both of these emotions have a high negative valence on the GEW (Scherer et
al. 2013). Participants self-reported that fear and uncertainty are strongly related
and mutually influence one another.

After the study: the ending questionnaire

Outcomes from the ending questionnaire demonstrate that fear and uncertainty
are strongly related and mutually influence one another. Participants did not
report large differences with regard to whether emotions influence uncertainty
and/or uncertainty-influenced emotions. Furthermore, the large standard
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deviations in these answers indicate low agreeance amongst the participants with
regard to causality. Thus, data from the participants deemed emotions and
uncertainty influence one another both ways without clear causality.

Findings

The findings from this experiment agree with the results of earlier studies
(Anderson et al. 2019; Morriss et al. 2022), showing a relationship between
negative valence emotions and uncertainty in non-traffic related contexts. This
paper demonstrates that these findings apply to the field of daily travel
experiences. Results regarding causality between emotions and uncertainty are
non-conclusive, showing a large variance in answers between participants.

LIMITATIONS

This study was performed using a limited sample (N=25) of residents of the
Netherlands during a two-week period. Despite all participants reported being
residents of the Netherlands, some remarks in daily travel reports indicate travel
abroad as well. Moreover, participants were relatively young (M = 25.3);
therefore, as a follow-up study, we recommend a more longitudinal study with a
more diverse sample. Additionally, all emotions and uncertainty were self-
reported. Participants could have experienced emotions on different levels with
similar ratings, which is due to the subjective nature of the dependent
measurements. For future studies, it could be interesting to repeat the study, but
also measure uncertainty and emotions objectively. The additional results could
lead to new insights and understandings of how we perceive emotions and how
they can influence uncertainty and vice-versa. Lastly, our research does not look
at the timeline of when emotions and uncertainty were experienced during travel.
Pinpointing which came first could lead to new insights. Therefore, follow-up
research that builds a timeline of uncertainty and the appearance of emotions
could lead to insights into what emotions are specifically triggered by uncertainty
and vice-versa.

CONCLUSION

Our results show that emotions and uncertainty correlate to each other (or one
another or mutually influential) simultaneously. Our findings show a high
correlation between negative valence emotions and uncertainty. Similar findings
have been made in the past using a different approach in a different context
(Anderson et al. 2019; Morriss et al. 2022). Our findings also show that people
perceive the influence that uncertainty has on their emotions, and emotions have
on their uncertainty. These findings demonstrate the importance of uncertainty
and related emotion management to create positive travel experiences.
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