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Abstract

Planning for sustainable mobility and creating effective policies require an understanding of how
people choose their modes of transportation. With an emphasis on the cognitive processes and
underlying attribute attention, this study examines how mode choice decisions are impacted by the
visual representation of external costs, as well as understanding the attribute importance in mode
choice decisions. An eye-tracking experiment and a stated preference survey were used to inves-
tigate how participants interpret three important factors: trip time, direct cost, and external costs,
which are represented by a color-coded indicator known as the Mobiscore. Discrete choice mod-
eling incorporating gaze-based attention metrics with conventional choice attributes was used to
evaluate the data. The findings show that visual attention to travel time and cost highly influenced
selection likelihood, whereas external cost (Mobiscore) by itself did not significantly influence se-
lections. Moreover, quantifiable variations in attention patterns were brought about by the visual
representation of Mobiscore, indicating that design decisions in attribute presentation may have an
impact on decision-making. These results advance our knowledge of the ways in which cognitive
engagement and visual aids influence transportation behavior and provide insightful information for
future survey design and policy communication.
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Keywords and Abbreviations

Discrete choice experiment (DCE): Method for analyzing preferences by presenting individuals
with choices between alternatives characterized by different attributes.

Total fixation duration (TFD): Amount of time spent fixated on a particular area of interest.
Area of Interest (AOI): Areas around key attributes to capture fixation durations.

Attribute non attention (ANA): Measured based on the lack of attention given to an attribute as
compared to other attributes.

Travel time (TT): Time spent using a certain mode to travel from point A to B.

Travel cost (C): Also known as direct cost, refers to the cost directly incurred by the user of a
transport mode for a trip.

Mobiscore (MS): Indicator used to represent the external cost attribute (from the project MCube
SASIM [1].
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1. Introduction

Understanding how decisions are made and what effect do different attributes have on the decision
making process is essential. Human behavior is a key input in transportation planning, and leads
to better control over outcomes such as mode preference. Decision making is a complex process,
understanding how people make decisions in their day-to-day life is dif cult and is better under-
standable in the form of the attributes that go into it. In attitudinal choice research, an individual's
overall judgment of a particular mode is a function of the characteristics, or attributes, of that mode
relative to remaining alternatives [4]. These attributes are further in uenced by the person making
the decision and their personal preferences.

In transportation systems, mode choice decisions are extensively studied, as accurate travel choice
predictions are always desired [5]. This leads to a better understanding of transport demands and
how to in uence modal shifts in population. Transport mode choice decisions are based on multiple
sets of attributes, including but not limited to time, cost, comfort, safety, speed, personal preferences
etc. These are complicated to track, as people make decisions based on different combinations of
these attributes, which further varies between individuals. In mode choice decisions studies, one of
the most common attributes that are used as predictors are travel time and cost as these attributes
are easier to quantify and characterized by an established and easily accessible metric [4] [6].
On the other hand some attributes are more complex to predict, which may be due to a lesser
awareness of the attribute itself or due to the varying nature of the attribute utility.

One such attribute that is of interest to us is the external cost or externalities of transportation.
Transportation costs are either internal, which is also referred to as direct cost and are the costs that
are incurred directly for using that transport mode to move from point A to point B such as a shopping
trip from your home to the nearest shopping center. A second category of costs in transportation
systems is called external cost. External costs in transport are costs imposed on society and the
environment that are not paid directly by the transport user. These include negative effects such as
air pollution, noise, greenhouse gas emissions, accidents, congestion, and damage to nature and
landscape [7]. For many decades, a crucial issue concerning the various components of external
effects was their accurate and objective quanti cation in monetary values [7]. The external costis a
combination of multiple costs that are hard to quantify for and by individual participants, may be due
to a lack of awareness or inability of the participant to imagine the cost in their day to day decisions.
In this study we replaced the external cost with an easy to understand external cost indicator.

Understanding how and why people make certain decisions helps to improve the planning process
and to better understand decision based outcomes. There is extensive research on the decision
making process in different areas e.g how people select a speci ¢ transport mode [4, 6, 8, 9] or
how item placement in grocery stores is monitored for improved customer experience [10] . These
decisions are based on multiple attributes and can be in uenced, different techniques have been
studied to in uence decisions, such as having clear nutritional labeling on food items, or their posi-
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tion on the shelves. Similarly, for transport mode choice decisions, there is a lot of research already
that studies different attributes and their utilities when it comes to the decision making process.
However, there is a need to further understand the in uence of representation of an attribute in the
decision, does changing the attribute representation to an easy to understand indicator have an in-
uence on the decisions made, additionally how are different attributes attended during the decision
making process ?. This study looks at these questions for the above mentioned attributes.

The aim of using an indicator for external cost rather than the direct values associated with it is to
make it easy to understand for people making the decision, the closest example to it would be the
Nutri-Score nutrition labels on food items. The Nutri-score is a front of pack nutrition label based
on a ve color nutritional scale (from dark green to dark orange), associated with letters from A to
E. The Nutri-Score nutrition label aims to inform consumers, in a simple and understandable way,
of the overall nutrition value of foods [11]. It encompasses the detailed information regarding the
nutrition value of the item being purchased and represents it on an easy to understand scale for
quick and simpler decision making.

Figure 1 Nutri-Score front of pack label [2]

Discrete choice experiments are a commonly used survey based method to quantify preferences for
different attributes. Many studies have been conducted to understand the decision making process,
using different techniques to gather further insights into cognitive processes, one alternative used
is eye-tracking to understand how visual information is processed [12]. With the advancement
of technology many improved methods of collecting eye-tracking data have been developed [3].
The assumption with eye-tracking data is that decision is in line with where people look, as stated
by [13] "There is no appreciable lag between what is xated and what is processed." Using eye
tracking as an additional tool, this study aims to dive deeper into the decision-making process
and understand how people attend to each attribute. Further research supports this notion. [14]
highlighted that xations and visual stimuli processing are closely related, particularly in reading and
scene perception [14]. More recently, [15] examined consumer behavior research and discovered
compelling evidence that xation count and duration are reliable indicators of attribute signi cance

in decision-making. Building on this framework, this study uses eye tracking as an additional tool to
better understand how participants divide their attention across various attributes while selecting a
mode of transportation.
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2. Literature review

Transport mode choice has been extensively studied in transportation planning and behavioral sci-
ences, as understanding decision-making processes is crucial for improving planning outcomes.
Mode choice decisions are in uenced by multiple attributes, such as travel time, cost, comfort, and
personal preferences, which vary between individuals. Traditional approaches often rely on survey-
based methods to analyze these choices, yet recent research highlights the importance of cogni-
tive processes and visual attention in shaping decisions. This chapter reviews relevant literature on
mode choice attributes, attribute nonattendance, and the use of eye-tracking as an additional tool
to understand how individuals engage with different decision-making attributes

2.1. Areas of literature search

To nd pertinent studies in the elds of cognitive behavior, decision-making, and mode selection for
transportation, a focused literature study was carried out. Three main areas were highlighted:

* Mode choice attributes and decision-making
* Attribute non-attendance (ANA) in discrete choice experiments (DCESs)
* Eye tracking in behavioral research

This was done in order to learn more about how people choose various forms of transportation, how
much they intentionally or inadvertently overlook particular characteristics, and how eye-tracking
technology can be used to measure visual attention and what that means for stated preference
surveys. This evaluation revealed that although there is extensive data on the transportation mode
choice, there is a lack of research in the use of eye tracking to measure cognitive engagement with
various qualities.

2.2. Mode choice attributes and decision-making

Both internal and external in uences in uence the complicated considerations made while choosing

a mode. Prior research has divided the characteristics of mode choice into objective and subjec-
tive categories. Where the goal is to take into account elements like travel time, cost, safety, and
environmental impact (e.g., emissions, traf ¢). Social conventions, comfort, habit, and perceived
convenience are examples of subjective factors. According to research by [4], the signi cance of
an attribute varies from person to person based on situational circumstances and personal experi-
ences. It was found that travelers often overlooked environmental attributes when making decisions,
despite the growing awareness of environmental issues. In contrast, attributes such as travel time
and cost remained the dominant factors in uencing mode choice [5]. By using, an external cost
indicator created to graphically communicate external costs, this study expands on these ndings.
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Consumer behavior studies have shown the ef cacy of such indications. One example is the Nu-
triscore system used in food labeling [16], which provides customers with a rapid source of helpful
information.

2.3. Attribute non-attendance (ANA) in discrete choice experiments
(DCEs)

A common method for researching transportation mode preferences is the use of discrete choice
experiments, or DCEs. Research shows that participants don't always process all of the informa-
tion that is accessible to them, though. This phenomenon, called Attribute non-attendance (ANA)
[17], can happen for a number of reasons, including cognitive overload, where people use task sim-
pli cation strategies to focus on the most salient attributes, like cost and travel time, while ignoring
less urgent concerns [8], or lack of awareness of certain attributes, like environmental costs. Peo-
ple frequently make decisions with systematic biases, which can result in erroneous interpretations
of their preferences for mode choice [18]. By using eye-tracking data to evaluate objectively which
attributes attract visual attention, this study aims to address ANA.

2.4. Eye tracking in behavioral research

Eye tracking has become a useful technique for analyzing transportation and consumer behavior.
Eye-tracking data is utilized to identify ANA to help improve the mode choice attribute indicators and
to gain a better understanding of the cognitive processes involved in the decision-making process.
The technology records patterns of gaze xation, offering information about:

* Visual attention: Which attributes are looked at and for how long.
+ Decision processes: The sequence of information processing before a choice is made.

* Cognitive load indicators:  Longer xations may indicate greater cognitive effort in processing
complex information [19].

Eye-tracking in DCEs was used in a study by [19], which discovered a correlation between xation
duration and attribute importance in decision-making. Only a small amount of research, never-
theless, has expressly used this approach in mode choice trials. In order to con rm the impact
of a visual element as an external cost indicator and to better comprehend signi cant attribute
non-attendance for the mode-choice decisions, this study builds on earlier research by integrating
eye-tracking metrics . In order to ascertain if attribute representation affects attention and choice
behavior, this study compares the gaze xation patterns of groups subjected to visual and non-visual
attribute indicators.
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2.5. Research gap and contributions of this study

While existing literature provides signi cant insights into mode choice, a key research gap re-
mains :

* The function of attribute attention and representation in decision-making: Previous studies
have mostly concentrated on presenting qualities in textual or numerical form. The potential of
using a visual indicators for complex attributes to improve understanding and impact choices
has not been thoroughly studied. Furthermore, there aren't many studies on the attribute atten-
tion for mode-choice decisions and how it affects the choices made. Eye tracking has been
employed in studies of consumer behavior, but it has not yet been widely applied to studies
of transportation mode choice. The way people consider and analyze transport features when
making decisions has not been thoroughly studied.

This study adds to the body of literature by using eye-tracking to better understand attribute non-
attendance in transport mode choice decisions and by incorporating a visual cost indication into
the mode choice survey to explore the impact of attribute representation. By lling in these gaps,
this study advances our knowledge of the cognitive processes involved in choosing a mode of
transportation and provides useful advice for enhancing sustainability messaging and transportation

policy.
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3. Methodology

This study uses a mixed-method research design that combines an eye-tracking experiment and a
stated preference (SP) survey to investigate how people choose modes and whether or not visual
representations of external costs have an impact on these choices. The process entails gathering
survey and eye-tracking behavioral and cognitive data, which are then combined in a Mixed Logit
Model (MLM). The ow of our experiment is presented as a user journey in Figure 2

Figure 2 Data collection methodology

3.1. Participant recruitment

Over the course of three months, data was gathered from 45 individuals in Munich, Germany. An
online survey and an in-person mode choice survey with integrated eye-tracking comprised the two
stages of the entire project. A total of 540 data points were recorded from the 12 hypothetical
travel scenarios that each participant performed, evenly divided between short and long-distance
journeys.

Online platforms and physical advertisements on university bulletin boards in and around Munich
were the main methods used to recruit participants. Given the infrastructure available for conducting
in-person trials at academic institutions, this approach was selected due to its convenience and
reach. Because of this focused outreach, the sample was primarily made up of young professionals
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and students. While this non-random sample limits generalization to the broader population, it
served the intended purpose of testing whether visual tools like Mobiscore could in uence decision-
making within a relatively informed group. It also ensured that participants would be comfortable
using experimental equipment such as eye-tracking glasses, and willing to spend time engaging
with hypothetical travel scenarios.

3.2. Data collection procedure

Data collection occured in two steps:

3.2.1. Participant information survey

An online platform was used to perform a pre-experiment participant information survey in order to
account for individual variation. The purpose of the survey was to collect data on two important
areas:

Travel practices:

* Principal means of transportation.

*  Mode usage frequency.

* Time and distance traveled on everyday commutes

* is the travel cost, with coef cient measuring sensitivity to cost.

* Access to private automobiles and the availability of a driver's license.

* Awareness of transport-related external costs.

Variables related to demographics:

*  Employment status
* Income

* Age

+ Gender

Given that various socioeconomic groups typically have varied preferences and limits, this demo-
graphic information was essential for placing mode choice selections in context. Incomplete replies
and participants who gave unrealistic answers (such as daily commutes more than 100 km) were
eliminated from the analysis in order to guarantee the credibility of the data.

3.2.2. Mode choice survey
The experiment's main component was an in person mode choice survey, in which participants
were asked to choose their preferred method of transportation after being shown hypothetical travel
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situations while wearing eye-tracking glasses. This method was selected over revealed preference
(RP) data In order to enable controlled attribute manipulation speci cally, the introduction of an
external cost indicator.

3.2.3. Mode choice experiment design
Each scenario offered four different means of transportation to choose from:

* Walking

* Private Car

* Public Transport
* Private Bike

Each scenario varied based on the levels of three key attributes

* Travel Time (minutes) refers to the amount of time it takes for a person, vehicle, or object to
move from one location to another. It includes the total duration spent in transit, and can be
affected by factors like distance, mode of transportation, traf ¢ conditions, and route taken. It is
a primary factor in mode choice, widely studied in transport research.

+ Direct Cost ( €), which represents the cost directly incurred by the user for each trip.

+ External cost indicator (A to E scale) , represents the external/indirect costs (environmental
impact, accidents, costs incurred due to traf ¢, noise pollution, infrastructure etc) [7] associated
with using a certain mode

3.2.4. Eye-tracking device set up

The eye-tracking device used in our experiment was the Tobii pro glasses 2 shown in Figure 3. The
glasses come equipped with a high de nition camera to record the participants point of view during
the experiment, eye-tracking sensors to record eye orientation e.g the direction of gaze, infrared
illuminations to support the eye-tracking sensors, micro HDMI connector to connect the device to
the recording unit, protective lens and adjustable nose pads [3]. The ideal conditions mentioned
in the Tobii pro glasses 2 guide were followed to get the best results, including clear unobstructed
vision of the screen and a well lit room. The recording unit is a small computer that controls the
head unit (the eye tracking glasses). It records and stores the eye-tracking data, sound and scene
video onto an SD card that can directly be imported into the Tobii pro lab software shown in Figure
4,
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Figure 3 Tobii pro glasses 2 [3]

Figure 4 Tobii pro lab interface

Device calibration

At the beginning of the experiment participants were given detailed instructions on how to wear
the glasses and clip on the recording unit, they were given an initial brie ng regarding the experi-
ment. After the initial brie ng they were guided through the calibration process for the device, one
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calibration point was used to calibrate the glasses (see Figure 5 and Figure 6).

Figure 5 Calibration card

Figure 6 Calibration for a participant

A second run of calibration cards were viewed on screen that helped aid in identifying calibration
issues during post processing, in Figure 7 we can see the calibration points that the participant

viewed as they appeared on the screen.
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Figure 7 Calibration second round
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4. Case study of external cost representation using the
Mobiscore

This chapter presents the application of the methodology to our case study designed to explore
attribute attendance, and how visual representation of external costs in uences transport mode
choice decisions. The case focuses on the use of an external cost indicator called Mobiscore [1],
which was integrated into a mode choice survey and tested through an eye-tracking experiment.

The objective was to investigate the effects of external cost representation (visual versus non-visual
Mobiscore) on mode selection. Two groups were randomly selected from among the participants:

*  With a visual element : Where Mobiscore was represented as a visual element as shown in
Figure 8

*  Without a visual element : Where Mobiscore was represented by text rather than a visual ele-
ment as shown in Figure 9

Figure 8 Scenario question with a visual element
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Figure 9 Scenario question without a visual element

4.1. Mobiscore

Mobiscore is an aggregate indicator of the external costs created as a part of the SASIM research
project [1] of various transportation modes, including air pollution, noise pollution, traf ¢ accidents,
greenhouse gas emissions, and infrastructure effect, are represented by the utilized in this study
[7]. The Mobiscore offers a letter grade (A—E) based on the relative sustainability of each mode as
shown in Figure 10 instead of expressing these costs in monetary terms, which might be challenging
for participants to understand. Low impact modes (like walking and cycling) get higher scores (like
A or B), whereas higher-impact modes (such driving a private vehicle) get lower scores (like D or
E).

Figure 10 Mobiscore grade

4.2. Modes and attributes

As mentioned earlier in 3 the mode choice survey comprised of 4 modes walking, private car, public
transport and private bike, where the participant was required to select one mode based on the
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attribute levels provided for travel time, direct cost and Mobiscore. The detailed breakdown of the
levels used in our mode choice survey for both short and long distance are as shown in Table 1

Table 1 Stated preference design: attributes and attribute levels used in survey

Attribute Walking Private car Public transport Private bike

Short distance

Travel time (Min) 9,13,7 2,34 3,57 3,4,5

Cost (Euro) 0 0.42,0.6,0.78 1.33,1.9,2.47 0.04,0.06,0.08
Mobiscore A,B C,D,E AB,C AB,C
Attribute Walking Private car Public transport Private bike

Long distance

Travel time (Min) 45,78,102 14,21,27 19,28,36 17,24,31
Cost (Euro) 0 2.52,3.6,4.68 1.33,1.9,2.47 0.25,0.47
Mobiscore A,B C,D,E AB,C AB,C

4.2.1. Attribute calculation

Unit values of different attributes for various transport modes have been studied extensively in pre-
vious research, as shown in Table 2 we compiled all the unit values used in designing our scenarios
for the mode choice experiment. We use the unit values of walking, private bike, private car and
public transport from Table 2 as a multiple of the distance covered.

Table 2 Overview of travel mode characteristics: speed, internal and external costs

Mode Cost / Speed Source
Average Speed

Walking 4.6 km/h [20]
Private bike 15 km/h [21]
Private car 17.5 km/h [22]
Public transport 13 km/h [23]
Internal Cost

Walking 0 €/km

Private bike 0.06 €/km [24]
Private car 0.6 €/km [25]
Public transport 1.9 €/trip [26]
External Cost

Walking 0.007 €/km [27]
Private bike 0.07 €/km [27]
Private car 0.16 €/km [27]
Public transport 0.07 €/km [27]

For our study we calculated the attribute levels for three scenarios:

* Scenario 1: Base
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*  Scenario 2: Plus 30%
* Scenario 3: Minus 30%

The travel times, and costs are calculated based on unit values for both a short distance of 1 km
and long distance of 6 km. For the base scenario the values remained as is, while for scenario 2
the values were increased by 30% and decreased by 30% for scenario 3.

For external costs as we used Mobiscore as an indicator, upper and lower thresholds were assigned
to each level on the Mobiscore scale as shown in the Table 3, based on where external cost value for
a speci c scenario fell, a certain level from A - E would be assigned to that instead of the monetary
value. Different scenario questions and are grouped together to form a block, each block containing
12 questions. A total of 10 blocks were formed, each block containing a visual element design as
well as a non-visual element design.

Table 3 Mobiscore levels by distance

Level Short distance(1 km) Long distance (6 km) Unit
Lower bound Upper bound Lower bound Upper bound €-ct
A 0 5 0 33 €-ct
B 5 10 33 62 €-ct
C 10 15 62 91 €-ct
D 15 20 91 120 €-ct
E 20 25 120 150 €-ct

4.3. Survey design

4.3.1. Demographic survey
Limesurvey platform was used to design the online survey, where questions were divided into two
groups.

+ Travel practices
*  Demographic information

This was done to collect information on current travel patterns, access to different transport modes
and their sociodemographic variables. At the beginning of the online survey, participants were
given an overview regarding the questions to come, and given an option to opt out. Table 4 lists
both survey groups and questions in each alongside the options presented to the participants.
After successfully completing the survey, participants were given details regarding the in person
experiment, the device we use for eye-tracking and how can they re-book a time slot with us.
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Table 4 Survey questions on travel patterns and demographics

Category

Survey Question

Response Options

Current travel patterns

Driver's license
Private car
Public transport

Primary mode

Frequency
Travel distance
Travel time

Factor ranking

Do you have a car driver's license
valid in Germany?

Do you have access to a car?

Do you have a public transport sub-
scription?

What is your primary mode of trans-
portation for daily commute?

How often do you use the following
modes?

How far is your typical commute (one-
way)?

How long does your commute take
(one-way)?

How important are these factors for
transportation?

Yes / No

Yes (own, leased, shared family, or company
car) / No

Yes / No

Never / Private car / Carpool / Public transit
/ Walking / Cycling / Ride-hailing / Scooter/e-
bike

Six-point scale (Daily to Never)

<1l km/1-5km/6-10 km / 11-20 km / 20+
km

<15 min / 15-30 min / 31-60 min / 60+ min

5-point Likert scale: Cost / Convenience /
Speed / Comfort / Environmental impact /
Safety

Category

Survey Question

Response Options

Demographic questions

Age

Gender
Occupation

Visual
ments

Visual treatment

impair-

Income

Awareness

What is your age?

What is your gender?

What is your current employment sta-
tus?

Do you have any visual
ment(s)?

What kind of treatment are you us-
ing?

What is your net yearly household in-
come ?

impair-

Do you know what transportation ex-
ternal costs (or externalities) are ?

Under 18 / 18-24 | 25-34 | 35-44 | 45-54 |
55-64 / 65+

Male / Female / Non-binary / Prefer not to say

Employed full-time / Employed part-time /
Student / Unemployed

Strong negative impact / Yes, normal treat-
ment / Yes, no treatment / No

Eye-wear / Lenses / Medical

Less than €25,000 / €25,000—€49,999,
€50,000—€74,999, €75,000—€99,999,
€100,000 or more

Yes / No

4.3.2. Mode choice survey

The mode choice survey was designed to allow exibility in element design thus a presentation
style was chosen for our experiment. Before starting the scenario questions, the participants were
given a brie ng regarding the experiment, what we expect from this mode-choice survey, and how
should they proceed to answer. Additionally we gave them an initial insight on the mode choices and
attributes we are using, further explaining each attribute. After the brie ng the one point calibration
was run for the glasses, after which participants were set in position to start answering the mode
choice survey. The mode-choice survey was created for 10 blocks, comprising of 12 questions each,
these blocks were randomly assigned to each participant and the representation of Mobiscore was
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