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Executive Summary

Life is a series of choices. From a small 
decision such as choosing what to have for  
dinner to a major decision that will change 
the course of life ahead, decisions have 
consequences. Now we can make deci-
sions faster with the help of an automation 
system with minimal human intervention. 
However, the problems themselves be-
came more complex involving excessive in-
formation to process coming from different 
suppliers. 

This project was assembled with my in-
terest in mobility infrastructure in the Neth-
erlands. As a graduate of a bachelor’s de-
gree in spatial design, it fascinated me how 
well-planned urban space can enhance the 
quality of residents’ lives. There are more 
than 25 million bicycles in the Netherlands 
with 36% of Dutch people listing the bicy-
cle as their most frequent way of moving 
around. Cycling is fun, healthy and a great 
alternative to cars when combined with 
public transportation. As Dutch govern-
ment, municipality, and mobility service 
providers are putting emphasis on the role 
of digital systems to tackle mobility chal-
lenges, intelligent agents are taking a role 
in interacting closely with travelers con-
necting them with their surroundings. 

This thesis is a result of the endeavor 
to address the interaction between a trav-
el buddy and a multimodal traveler in the 
near future. The research started by defin-
ing the travel behavior of multimodal trav-
elers, fundamental needs, and attitudes 

that compose their decisions. Meanwhile, 
a literature review was conducted to un-
derstand the interaction between human 
and artificial beings. The main finding of 
this chapter is that the biggest distinction 
between humans and machines is that 
humans are affective beings that pursue 
physical and psychological well-being.

With this basic understanding of the 
project context and challenge, several re-
search activities were conducted. With a 
Mind Mapping technique, current travel 
experience involving a combination of mo-
bile applications to support their journey 
is described followed by their future vision 
for a travel buddy. It appears that abilities 
to “understand” and “learn” users are key. 
However, frustration with existing digital 
solutions creates a separation between hu-
man and machine decision-making, which 
is likely to result in detachment with a trav-
el buddy as well as decisions of their own.

On the other hand, the approach of deci-
sion-makers who develop digital solutions 
is analyzed in the following chapter. For 
them, enabling easy and intuitive use for 
users is a priority as well as delivering ac-
curate and essential information to support 
users to choose a route that accompanies 
integrating diffuse application program-
ming interfaces (APIs) from different sup-
pliers in a consistent form. Although there 
is a tendency to give users access to pa-
rameters that are used to optimize routes, 
it is still provided in predefined travel sce-
narios that hinder users’ full customization. 



Based on these findings, the design goal 
and subgoals for designing a prototype 
were defined as described in chapter 5. De-
sired interaction with a travel buddy is de-
fined as a collaborative one by enhancing 
the autonomy of users and engagement to 
shape future urban mobility with each oth-
er. Three ideas to provide route recommen-
dations were generated and evaluated with 
a user survey. Based on the feedback, the 
Experience prototype that depicts a story 
in which a travel buddy actively learns, and 
asks for participation, and defines a travel 
type of a user to optimize the journey was 
developed and used for the final experi-
ment.  

The result shows that it was effective 
to apply different values that users have 
in their minds when they plan a journey 
and choose a route. Moreover, the idea of 
having a conversation with a travel buddy 
evoked curiosity and interest. A defined 
travel type can be used as a tool that users 
can observe and reflect on their travel be-
havior. The impact of defining a travel type 
can change travel behavior when it’s well 
treated. 

The thesis concludes with a manifesto 
for a travel buddy to share considerations 
for use with decision-makers who are en-
visioning the future with an intelligent be-
ing that assists and promotes multimodal 
journeys. Chapter 9 presents 9  considera-
tions that will help stakeholders to address 
the intention, motive, and view of a travel 
buddy. This manifesto talks about the rela-

tionship between a user and a travel buddy, 
the role of a travel buddy, the attitude with 
which to approach users, contextual con-
siderations, and more.
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This chapter gives an introduction to the project. A design fiction en-
visioning the urban travel experience in the future is introduced as a 
starting point followed by the present mobility landscape in the Neth-
erlands and emerging trends. The chapter concludes with an initial pro-
ject brief that introduces an initial research question, approach, and 
the desired outcome.

Chapter 01

Introduction

Chapter overview

1.1 Preliminary research
1.2 Project context
1.3 Project brief
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1.1 
Preliminary 
research 

Speculating future travel experi-
ence

With the rise of AI (artificial intelligence) 
combined with IoT (internet of things), 
“things” that are embedded with sensors,  
software, and other technologies for con-
necting and exchanging data with other 
devices and systems process information, 
perform tasks, and even make some deci-
sions on behalf of us. In the previous se-
mester, as a part of an elective course, I 
delved into this subject in the context of 
urban mobility. I looked into the impact of 
things on urban travel experience in the 
future to address the issues we might en-
counter when things are more competent 
and capable of interacting with humans 
more naturally. To meet the goal, design 
fiction was used as a medium to explore 
and criticize possible futures.

Based on literature reviews and inter-
views with experts, the requirements for 
a personal intelligent assistant for multi-
modal travelers were defined. First, it will 
be given a role that bridges the digital and 
physical worlds. Second, it has to adopt 
travelers’ preferences and adapt itself to 
them. Third, the decision-making will be-
come a collaborative performance between 

a user and a travel buddy. Fourth, it has to 
help travelers switching from one transport 
mode to another. Last, it will be equipped 
with better predictability.  

The story depicts the future where work 
is blended into one’s life and the user 
closely interacts with a personal intelli-
gent assistant to efficiently manage work 
and travel schedules. In the story, the main 
character called Thomas interacts with his 
smart assistant who takes care of every as-
pect of his life and makes a journey more 
engaging and streamlined. Smart assis-
tants play a role that bridges the digital 
and physical world, adapting the service 
based on the preference of a person. As we 
delegate more authority to a smart assis-
tant, it becomes a companion that makes 
a journey together in a collaborative way. 

With this story as a starting point, 
the role of an AI assistant that guides us 
throughout our journey and the impact of 
it will be explored in the following chapters

* The full story can be found in appendix 2
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1.2 
Project Context

1.2.1 Transport in the Nether-
lands

The Netherlands is known as one of the 
most bicycle-friendly countries in the world 
where 25% of all trips on the road are 
made by cycling followed by 20% walking 
and 5% public transport. In Amsterdam 
specifically, 38% of all journeys in the city 
are made by bicycle, and it has exemplary 
cycling infrastructure(van der Waard and 
others, 2012). 

Although it has a very dense and mod-
ern mobility infrastructure, as the popula-
tion in urban areas is increasing, mobility 
infrastructure is burdened and faced with 
challenges to tackle. Rather than investing 
in developing new infrastructure, the Dutch 
government and experts in the field are try-
ing to find a better and smarter way to de-
ploy existing mobility resources. 

The government is striving to encourage 
more sustainable mobility behavior by dis-
couraging car usage and encouraging the 
use of public transportation and shared mi-
cro-mobility to make the city more liveable 
and walkable. Experts are envisioning that 
intelligent systems and smart assistants 
will play a bigger role to fill the gap of the 
speed of change between infrastructure 
and service and rethinking the relation-
ship between the traveler and the mobili-
ty system asking by who is in the lead. On 

the other hand, the social role of mobility 
will increase due to the value shift from 
efficiency to sustainability while shedding 
light on mobility-happiness. According to 
the report of INFO (2020), real change will 
take place in the software of our lives and 
society with appropriate social intentions. 

1.2.2 Trends in mobility

“Urbanization and condensationn, 
work-life integration, connectivity, 
climate change and sustainability, cus-
tomization, shared mobility, smart as-
sistance, ethical awareness are 8 trends 
that drive the future of mobility.”
- INFO, Iskander Smit

With the rise of new modes of transport 
and transport services, involved stakehold-
ers are seeking innovative transport solu-
tions to make going from A to B as seamless 
as possible. Integrated travel solutions via 
apps are being used to increase travelers’ 
experience with public transport and active 
modes such as bikes. To manage diverse 
transport services and streamline the mo-
bility network, mobility hubs that combine 
various activities to realize the more effi-
cient movement of people and accessibility 
of urban environments are developing.  

With evolving technology, the connec-
tivity of mobility resources is increasing. 
Therefore, new ways of collecting and in-
tegrating data from various sources with 
different scales, times, and levels of gran-
ularity are being found to find new pat-
terns, connections, and proof for mobility 
solutions. As analyzing and predicting the 
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capability of technology is improving, ex-
tensive studies to understand the mobility 
behavior of travelers and combine data to 
create efficient and pleasing experiences 
are being done. 

1.2.3 Journey assisting tools
Journey planning apps have become es-

sential to urban travelers (see figure 1.1). 
Beyond being more competent and smart 
to guide a user throughout a journey in 
terms of accuracy and predictability, jour-
ney planning apps are aiming to become a 
travel buddy that is adaptive and personal 
by providing tailored service. It aims to add 
value to multimodal journeys and enrich the 
experience on the road by learning users 
and adopting their preferences and travel 
behavior. In the automotive domain, on the 
other hand, personal voice assistants in 
cars are becoming human-like multiplayer. 
Multiple voice technologies are merged into 
one system integrating work, life, shopping, 
entertainment, and so on. This trend is re-
lated to the need of users who prefer famil-
iar voice assistants, like the ones they use 
in their homes. This is being combined with 
different modalities to initiate the interac-
tion and integrating user state detection to 
make user interfaces appear more human. 

Figure. 1.1 Most used journey plan-
ning apps in the Netherlands
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1.3 
Project Brief 

1.3.1 Problem definition
The main challenge of this project is to 

rethink and define a relationship between 
a traveler and a travel assistant for mul-
timodal journeys that is likely to evolve 
in the future. The travel assistant that is 
equipped with predictive and adaptive ca-
pability mainly made to cater to the needs 
of multimodal travelers will be called Trav-
el buddy in this document. The term Trav-
el buddy implies that it is capable of in-
teracting with a user in more human-like 
and natural ways. While current research 
and developments of multimodal journey 
assisting apps are focusing heavily on en-
hancing accuracy, predictability, and per-
sonalization of service, the real challenge 
of considering the emotions of users while 
interacting with a travel buddy and making 
decisions are not fully discussed in this do-
main of research. 

Multimodal trips that involve more than 
one transport mode that isn’t owned by 
a traveler can be less engaging and less 
empowering compared to the ones for car 
drivers. And there is an opportunity to im-
prove and enrich this travel experience by 
considering that a human is not always 
rational but an emotional being. Travel as-
sistants will play a more active role in this 
relationship, determining the quality of a 
journey. A well-designed relationship be-
tween a traveler and a travel buddy can 

be mutually beneficial, helping each other 
and learning from each other (Breazeal, 
2004b).

1.3.2 Initial research questions
To enrich the multimodal travel experi-

ence by enhancing interaction between a 
multimodal traveler and a travel buddy in 
an affective and engaging way, the initial 
research questions were defined as fol-
lows:
• What are the fundamental needs and 

requirements of multimodal travellers?
• How will the role of a travel buddy 

evolve in the future?
• How would people interact with a trav-

el buddy in the future? 
• What kind of empathic features or be-

haviour will be desired from a user?

1.3.3 Approach
The project will follow the double dia-

mond design process as decribed in figure 
1.2, consists of 4 main phases. In the dis-
covery phase, a literature review, as well 
as three research activities, will be done to 
collect insights. These research activities 
will be a consecutive step incorporating 
insights found in the previous steps. The 
findings of each research activity will be 
synthesized to form a design goal that de-
scribes the desired relationship between a 
user and a travel buddy as well as criteria 
to evaluate the prototype. The third phase 
will focus on developing a prototype that 
describes the future interaction with a trav-
el buddy. The prototype will act as a tool 
for a design experiment. The result will be 
evaluated with defined criteria and a de-
sign guide will be created as a conclusion.
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1.3.4 Desired outcome

This project aims to develop a provoc-
ative prototype that depicts a future rela-
tionship between a traveler and a travel 
buddy to test with users. The prototype will 
be used to create a set of guidelines — a 
manifesto that is built upon findings gained 
from several research activities for deci-

sion-makers including developers and de-
signers who are starting to develop a travel 
assistant. The reason for choosing this form 
as an outcome of this project is that I want 
the findings to be used as a tool that makes 
room for discussion and to think about the 
impact before we decide to adopt a tech-
nology-enabled tool for multimodal jour-
ney planning. 

Figure 1.2 Overview of the research process



This chapter is the first attempt to answer the initial research questions 
from the users, technology, and design perspectives. It first investigates 
the behavior and needs of multimodal travelers, especially in the Nether-
lands. Then, ongoing discussion in design and technology industries re-
garding mobility experience follows.

Chapter overview

2.1 Understanding multimodal travellers
2.2 What can design and technology offer 
to multimodal travellers?

Chapter 02

Literature Review
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2.1 
Understanding 
multimodal travel-
ers

2.1.1 Multimodal travel groups 
and attitudes in the Netherlands.

As the focus of mobility is shifting toward 
promoting sustainable travel behavior in-
volving public transport and active modes 
while reducing car travel, understanding 
travel behavior is important to introduce an 
impactful policy that can be easily adopted 
by citizens. Molin and others (2016) identi-
fy five clusters of multimodal travel groups 
in the Netherlands based on the use of four 
transport modes — car, bicycle, train, and 
bus. They suggest a direction for policy-
makers with respect to each travel group. 

The least sustainable group is the Car 
Mostly group (17%). This group used cars 
most often and bicycles the least. This 
group is the most favorable towards cars 
among other groups and least favorable 
towards both bicycle and PT. 

The second-least sustainable group is 
the Car multi-modal group, which has a 
share of 27%, used cars most often with 
bicycles. Since this group has a positive 
attitude towards cars, a negative attitude 
towards bicycling, and an approximately 
average attitude towards PT, its attitudes 
are congruent with its travel behavior.  

A third group is a bike+car group (18%). 
Although bicycle use of this group is high 
as in the previous group, its car use rate is 
also relatively high. Concurred with their 
travel behavior, this group has average car 
attitudes, positive attitudes towards bicy-
cles, and negative towards PT. 

The next group is labeled PT Multi-modal 
which has a share of 14%. This group uses 
public transport most often of all groups 
and also uses bicycles comparatively of-
ten. Notably, this group has about aver-
age attitudes towards all transport modes, 
which suggests that its travel behavior is 
not congruent with its attitude.  The most 
sustainable group is the Bike multi-modal 
group. It takes up 24% of the whole pro-
portion. This group uses bicycles most of-
ten and the use of PT is comparatively high 
whilst the car use is low. This group has a 
negative attitude towards cars in terms of 
pleasure, convenience, and environmental 
impact and perceives cycling as pleasant.  
This group is also a group that scored PT 
usage most positive. 

A challenge for developing sustainable 
transport policies is to look into the con-
gruence of attitudes and travel behavior of 
each group. It is less likely for groups that 
score negative attitudes towards bicycle 
and PT to adopt the mentioned modes. For 
them, promoting less polluting cars may 
work the most. For groups that already 
adopt sustainable modes and multimodal 
travel behavior, providing seamless expe-
rience switching between different modes 
and finding a better way to increase con-
venience with active mode are suggested. 
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At last, for the group in which attitude 
and travel behavior are congruent, the main 
policy challenge is to prevent the group to 
switch to a more car-oriented travel behav-
ior style once they can access it. 

2.1.2 Determinants for transport 
mode choice

One key determinant that influences 
travel mode choice is instrumental deter-
minants, such as time efficiency, flexibili-
ty in terms of time and place of departure 
(Jensen, 1999), and monetary cost (Gard-
ner and Abraham (2007). However, lower 
costs of public transport do not directly af-
fect car users switching to public transport 
(Beião and Sarsfield Cabral, 2007). 

Affective determinants which refer to 
autonomy, freedom, pleasure, stressless-
ness, privacy, and comfort (e.g., Guiver, 
2007; Hagman, 2003) are inherently linked 
to individual preference. Affective determi-
nants are associated with feelings evoked 
by traveling with specific travel modes (An-
able and Gatersleben, 2005). 

Another cluster is symbolic determi-
nants of travel mode choice. This describes 
a social expression and social identity pro-
cess associated with ownership (Lois and 
López-Sáez, 2009).  However, symbolic de-
terminants can be less relevant to urban 
travelers due to increasing travel time and 
cost (Firnkorn and Müller, 2012).

Clauss & Döppe (2016) bring individu-
ality as a new determinant. This new di-
mension is related to the urban traveler’s 
requirement to customize and mix travel 
modes. The advantage of multimodal trav-
el options that allow situational and per-

sonal adaptability for urban travelers can 
open up new opportunity space (Susilo and 
Cats, 2014). 

2.1.3 Characteristics and needs of 
multimodal travellers

Characteristics of multimodal travel-
lers

According to Beuhler and Hamre (2015), 
multimodal travel is associated with young 
people with high education, small house-
holds, and car availability.  People with in-
novativeness, tech-savviness, multimodal 
mindset, and the need for travel informa-
tion and freedom of choice are highly likely 
to be early adopters of MaaS (Mobility as 
a Service). Based on these indicators, KiM, 
Netherlands institute for transport policy 
analysis further identifies the characteris-
tics of early adopters. According to Zijlstra 
and others (2020), early adopters are likely 
to be highly mobile, have a high socio-eco-
nomic status, high level of education, and 
high personal incomes. The identified char-
acteristics overlap with those of innovative 
mobility service users and with those of 
early adopters of new ideas and technol-
ogy. 

Typical tasks to assist multimodal 
travellers for each phase of a multi-
modal trip

Pre-trip: Key parameters such as trav-
el purpose, the time frame of a trip, travel 
budget, and preferred or available means 
of transport are often already defined be-
fore starting a trip. People use a journey 
planning service on their smart device to-
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get information to plan how to travel from 
point A to point B. When the user enters 
the destination and decides when to de-
part or arrive, the journey planner calcu-
lates routes and uses parameters such as 
time, number of transfers, prices, and pre-
ferred transport means. The app prints out 
the route recommendation result with rel-
evant information including the overview 
of transport means, number of transfers, 
public transport timetable, map visual-
isation of the route, prices and more. The 
advantage of multimodal journey planners 
is that it has a possibility to compare differ-
ent routes and alternatives from the user’s 
side (Infopolis 2 Consortium, 1999).

On-trip: Since multimodal journeys in-
volve more than one transport mode, pro-
viding information for a seamless door-
to-door assistant is necessary. Providing 
information about where to transfer to the 
next transport mode and navigating trav-
ellers to the final destination can be chal-
lenging for travellers to accomplish. 

Use of travel information
The type of travel purpose and familiar-

ity with a trip has a strong influence on the 
need for travel information. People mainly 
require travel information when they are 
uncertain about the journey or when they 
have doubts. Travelers look for travel infor-
mation prior to a trip when they are going to 
new or less familiar destinations. Accord-
ing to research conducted by Rijkswater-
staat (RWS, 2018), people will search for 
the route when they drive to a relatively un-
known or completely new route four times 
more than a  route they take daily (see fig-
ure 2.1).  The motive of a journey also has 

an influence. Travelers most often look 
for information priority to the trip (56%) 
for social and recreational journneys such 
as for leisure purposes or visiting friends 
and family (see figure 2.2). On the contra-
ry, only 12.5% of people look up for travel 
information before going grocery shopping 
and 23% for commuting. In a frequent and 
recurring journey, travelers prefer to be in-
formed about travel conditions in the early 
stage, rather than seeking information on 
their own initiative (Chorus et al., 2007). 
They would seek information about disrup-
tions to predict travel conditions such as 
road construction, inclement weather, or 
canceled trains. In general, 20% of people 
seek information prior to the trip for daily 
trips or known routes (RWS, 2018). A jour-
ney that involves arriving at the destination 
strictly on time also entails a greater need 
for travel information (Schapp et al., 2017). 
For business appointments,  people look 
up travel information twice as much (RWS, 
2018) compared to recreational trips. 

The type of transport mode the travel-
er uses influences the use of travel infor-
mation. Journeys where travelers have 
to transfer, are known to have a need for 
travel information (Tang et al., 2020) and 
this can be explained by the insecurity that 
transfers cause. For active modes such as 
cycling and walking that most people use 
for the first-mile and last-mile journey, the 
need for travel information is less. Howev-
er, cyclers need a different type of informa-
tion to increase convenience while cycling.  
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Figure 2.1 Share of people looking up travel information prior to a trip, by type of trip. 
Source: RWS (2018). Reprint from “Kansrijke verplaatsingen met MaaS” by Zijlstra et al., 
2020 

Figure 2.2 Share of people looking up travel information prior to a trip, by travel motive. 
Source: RWS (2018). Reprint from “Kansrijke verplaatsingen met MaaS” by Zijlstra et al., 
2020 
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2.1.4 Motivations for multitasking 
during a commute

Emotion and Activities during com-
muting

Patrick (2019) found an interesting as-
sociation between the mode of transport 
and the type of activity travelers perform. 
For people who use operating modes such 
as bicycles and cars, passive activities 
such as listening to music, looking out at 
the scenery, or thinking were observed be-
cause of the required mental and physical 
resources to cycle or drive. However, these 
passive activities can be found also in 
commuters of all modes. Several activities 
attempt to make productive use of trav-
el time. Associations with the number of 
days/hours worked or travel time could in-
dicate that commuters running out of time 
will be willing to spend their traveling time 
usefully by doing other things (Jain & Ly-
ons, 2008). However, a closer look at other 
activities suggests that most activities are 
not considered traditionally productive ac-
tivities. It is rather time constraints forcing 
people to schedule certain activities during 
the commute. Alternatively, some results 
suggested that some activities are done 
more for fun rather than to be productive. 
Finally, there are some activities that are 
done to pass the time and to cope with the 
boredom and burden caused by commut-
ing. It is found that most in-travel activities 
are either (a) correlated with travel time 
but not related to indicators of time pres-
sure (b) associated with perceptions about 
being dissatisfied with travel time or expe-
rience itself. The study implies that com-

muters are perhaps killing time on elec-
tronic devices as they can’t make desirable 
changes that would increase their travel 
satisfaction. 

Promoting sustainable transportation 
mode
Most walk/bicycle commuters perceive 
their commuting time as exercise since 
they value time efficiency. Therefore, 
promoting active mode usage is not only 
related to health but also has productivity 
benefits. Many ICT activities are strongly 
associated with transit use which suggests 
that technological developments in digital 
communication and internet-connected 
devices have transformed the transit user 
experience and have the potential bene-
fit of facilitating more productive uses of 
travel time. However, enhancing the at-
tractiveness of transit with technological 
breakthroughs should be taken cautious-
ly considering the previous finding that 
the reason many transit riders are using 
smartphones may be associated with 
coping with an unsatisfactorily long or 
unpleasant commute. 
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2.2 What can design 
and technology of-
fer to multimodal 
travelers?

2.2.1 Emergence of positive tech-
nology

We depend on digital devices and ser-
vices more and more. Technology has be-
come our companion in our daily lives and 
we consider technology as a solution to 
solve our everyday issues. Meanwhile, the 
question of if technology is making us any 
happier arises. While technology designers 
are gradually aware of the impact of their 
personal perspective on the artifact they 
create, Riva and colleagues (Botella et al., 
2012; Riva et al., 2012) suggested that it 
is possible to combine the goals of positive 
psychology with technology design by using 
the “positive technology” approach that 
uses technology for improving the quality 
of our personal experience. This goal has 
three separate but consequential steps:

1. By structuring personal experience 
using a goal, rules, and a feedback 
system.

2. By augmenting personal experience to 
achieve multimodal and mixed experi-
ence.

3. By replacing personal experience with 
a synthetic one. 

Designers are gradually embracing 
terms related to well-being such as “pleas-
ure” and “fun” into their design briefs. 
Yet, they are generally not looking beyond 
short-lived emotions when considering 
the hedonic aspect of a digital experience. 
From the engineer’s perspective, they gen-
erally take sensible things like productiv-
ity, speed, performance, and safety into 
account. Therefore, concerns have been 
raised within the computer-human- inter-
action community that designers and en-
gineers need to be more conscious about 
the productivity mentality that is track-
ing, comparing, and measuring everything 
from us (Calvo and peters, 2014, 2015). 
Riva and colleagues (Riva, 2012; Riva et 
al., 2012) created a framework (see figure 
2.3) to introduce well-being into design and 
technology and classified the technologies 
according to their effects on the features of 
personal experience defined by Botella and 
colleagues (2012). 
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2.2.2 Design and Emotion
Designers have been trying to incorpo-

rate emotion and even the success of the 
design is being evaluated with emotional 
aspects. Some academic fields are lean-
ing toward making products and systems 
enjoyable in addition to safe and efficient. 
hHuman-computer interaction (HCI) and 
interaction design fields, in particular, em-
phasize the cognitive and affective human 
factors over usability. This evolution led 
to the possibility of developing intelligent 
agents that can engage in social interaction 
by responding to human emotion. Three 
common application areas are companion-
ship, education, and aging. The adoption of 
emotions in HCI implies that user experi-
ence and acceptance towards the system 
can be improved by adapting the user’s af-
fective state, personality, and/or situation.

2.2.3 Psychological human fac-
tors

Mood effects on cognition
Affective states, or moods, may influ-

ence the way people process social and 
even practical information. The influence of 
emotions on cognition on the content and 
process of thinking has an important role 
for everyday interpersonal behavior in gen-
eral, and for human-computer interactions 
(HCI) in particular considering the fact that 
human beings aren’t always rational but 
moody. The way that positive and negative 
moods can influence the content of cogni-
tion has been explained through theories 
of affect congruence. Mood can influence 
the way we think, process, and remember 
information and form inferences and social 
judgement, as well as interpersonal behav-
iors.

Figure 2.3 Positive technology levels. Reprint from “Positive technology, computing and 
design” by Gaggioli et al., 2017 
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People are better at retrieving memo-
ries when they have a prevailing mood in 
congruence (Bower, 1981). Positive moods 
increase and negative moods decrease sa-
lience effects on the impression which in 
turn influence people when making a judg-
ment about the behavior of others (Forgas, 
2015; Gilbert and Malone, 1995).  People 
decide whether to trust and accept or dis-
trust and reject social information in every-
day life and negative moods tend to pro-
mote skepticism, which is associated with 
an externally-focused and detail-oriented 
thinking style (Forgas and East, 2008a,b). 

States and traits
Interindividual and intraindividual fac-

toInterindividual and intraindividual fac-
tors should be addressed separately to 
change human behavior. An information 
system should be designed by taking into 
account both permanent traits and tempo-
rary states (Braun, 2019). 

User traits or interindividual differences 
refer to permanent behavioral patterns of 
individuals. These traits are fairly stable 
and only change over long time spans. They 
are not influenced by situational or inter-
actional stimulation. Digital systems can 
observe users over a longer period of time 
to learn personal traits and adapt their be-
havior accordingly. Demographics explain 
the behaviors or needs of users. The de-
mographics influence how users expect an 
intelligent assistant to behave and have an 
impact on functional requirements. Prior 
experience and resulting preferences can 
be used to understand the long-term be-
havior of users. This information can be 

acquired through usage statistics data and 
the preference can be collected during set-
up. Individual personality related to dispo-
sition to trust can also affect social behav-
iors and influence the user’s preference of 
assistant personality for example. 

User state, or intraindividual factors, 
on the other hand, is situational and/or 
interactional which changes rapidly and 
depends on a lot of situational and envi-
ronmental factors. User states accompany 
physical responses that can be measured 
by heart rate, blood pressure, body tem-
perature, breathing rate, and galvanic skin 
response. However, cognitive load theory 
explains that resources that can be used 
are limited so that too much stimulation 
can lead to unsafe behavior. Human emo-
tion can also be detected from various sig-
nals such as facial expression which indi-
cates satisfaction with a system. Whilst 
moods are defined as conditions that last 
longer, emotion is defined as short affec-
tive states which influence user action and 
last for a short time (Davidson and Ekman, 
1994). Emotions can also be distinguished 
by basic emotions and continuous emo-
tions such as arousal and valence. 
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2.3.4 Affective interaction with 
intelligent agents

The potential for embodied agents 
(screen-based anthropomorphic entities) 
to enhance human-computer interaction 
have been examined. One of the ultimate 
goals for researchers is to make agents 
capable of having natural interaction with 
users to produce desirable or beneficial 
outcomes. A recent study conducted by Yee 
et al. (2007) found that the use of an em-
bodied agent in an interface leads to posi-
tive social interactions, however, there are 
conflicting opinions about whether the use 
of such agents is beneficial (e.g. enhances 
engagement with a system) or distracting 
to complete tasks. The experiments af-
fective agents are being done in different 
fields from health, education, companion-
ship, video games, and commerce. 

Application in the auto industry

As the use of AI-powered personal assis-
tants such as Google Assistant, Alexa, and 
Siri on mobile devices or on smart speak-
ers becomes more natural in everyday life, 
changing the way people perform tasks, 
the auto industry is investing in developing 
voice-enabled assistants in cars. It enables 
users to control the information system in 
the cars more efficiently and provides ser-
vices that aren’t directly related to driving 
or a car itself to enhance passenger expe-
rience in general. While establishing part-
nerships with tech companies that develop 
smart assistants to provide a wide range 
of services from shopping to completing 
work-related tasks, researchers involved in 

this development are seeing opportunities 
of improving driver emotions with affective 
strategies. Research conducted by Michael 
et al. (2019) suggests that reacting upon a 
dangerous state of the user can enhance 
safety. Micheal also conducted user re-
search with colleagues (2017) to evaluate 
the value of affective user interfaces (UIs) 
and found out that users do prefer affective 
approaches to enhance pragmatic features 
and proactive interaction. The study im-
plies that the acceptance of the affective 
system can be improved by leaving room 
for a personal choice instead of automatic 
adaptation. 



After the launch of personal smartphones, how we check travel informa-
tion beforehand and planning a journey changed drastically. Looking into 
the present, which exists as an extension of the past, will bring us an op-
portunity to investigate the future. The mind-mapping technique has been 
selected as a medium to look into people’s struggles and desires. This 
chapter reports on the result of user research conducted with the aim of 
understanding the evolving interaction and relationship between a user 
and a travel assisting tool from the user perspective. 

Chapter overview

3.1 Introduction
3.2 Research setup
3.3 Result
3.4 Main finding

Chapter 03

Research Activity 1: 
Mind-Mapping Session
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3.1 Introduction

Nowadays, urban residents’ journeys 
are often made by a combination of pri-
vate-active modes of transportation such 
as cycling and walking or driving and pub-
lic transport. In contrast to the flexibility 
that private modes have, public transport 
operates according to published schedules 
only departing at specific places and times. 
As the number of multimodal journeys that 

involve more than one transport mode in-
creases, urban travelers use a so-called 
journey planner or route planner with any 
smart devices such as a personal com-
puter or a smartphone to find an optimal 
means and time of traveling from point A 
to B. However, when we look back to the 
time when we didn’t have personal smart-
phones, the way we look up travel informa-
tion and plan for a journey has drastically 
changed. 

Figure 3.1 History of a journey planner, based on Wikipedia, journey planner
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3.1.1 History of the evolution of a 
journey planner

Internal systems were first developed in 
the 1970s and 1980s to manage data for 
printed timetables and to support opera-
tions. In the late 1980s and early 1990s, 
some national railway operating compa-
nies and major metropolitan transit au-
thorities developed specialized trip plan-
ners particularly designed to support their 
customer services. Systems that could be 
installed and operate on minicomputers 
and personal computers were developed 
with the advent of personal computers 
with sufficient specification in the 1990s. 

The first digital public transport trip plan-
ner system for a microcomputer was de-
veloped and released by Dutch Railways in 
1990 and this soon expanded to include all 
public transport in the Netherlands. 2001 
was when the world’s first large-scale mul-
timodal trip planner was developed and 
Google also jumped into this market by 
adding trip planning capabilities to Goog-
le Transit in 2005. After the Apple iPhone 
launched in 2007, people no longer had to 
stick around their computer or a printed 
timetable in a station or at a bus stop to 
look for the next available train or bus. 

(see figure 3.1)
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3.1.2 Recent development in jour-
ney planning apps

More recently, journey planning app de-
velopment is trying to enhance the seam-
less door-to-door experience to satisfy 
their customers. To do so, they are expand-
ing the range of transport modes they pro-
vide by including micro-mobility operators 
in their network. Also, real-time informa-
tion is incorporated to increase accuracy 
and predictability. As mobility infrastruc-
ture is  digitalized, they are looking for a 
smarter way to deploy data (1) to provide 
a personalized experience,  (2) to man-
age the operation of transportation modes 
more efficiently, and (3) to utilize exist-
ing mobility resources and infrastructures 
more efficiently for the sake of sustainabil-
ity. Lastly, attempts to enrich the journey 
by taking other activities such as work, en-
tertainment, and tourism into account can 
be found from current development.

The means of providing travel informa-
tion and assistance have a strong impact 
on the way people plan and make journeys. 
We can access travel information at any 
time, anywhere and many travel-related 
tasks have been automated by computa-
tional calculation. In this chapter, the per-
ception that users have on evolving inter-
action with a journey planning tool will be 
explored in order to incorporate what users 
are envisioning and requiring for a future 
travel buddy that has more authority in our 
lives. 

3.2 Research Setup

3.2.1 Approach and research 
questions

The purpose of this user research ac-
tivity is to reflect on the change we have 
gone through and look at the use case, pain 
points, and interaction with journey plan-
ning apps in order to look forward to our fu-
ture mobility experience with an intelligent 
travel buddy.

The main research questions for this 
chapter are twofold. One is to look into the 
present by asking (1) how users interact 
with their journey planning app and move 
forward to the future by asking (2) how the 
relationship with an intelligent travel bud-
dy will evolve in the future. Sub-questions 
for each question are as follows:

Present
1. How do the users travel with journey 

planning apps?
2. What do the users think about using 

technology to plan their journeys?
3. What are the things that they like and 

dislike?
4. What kind of equipment and devices do 

the users use?

Future
1. What will the role of a travel assistant 

be in the future?
2. How the relationship between a user 

and a travel buddy will evolve?
3. How the users envision future urban 

mobility experience with it?
4. How will the users interact with a travel 

buddy?
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3.2.2 Method

The session was conducted online via 
Zoom in a group and lasted for about 80 
minutes. The session consisted of two main 
mind mapping activities and two introduc-
tion sessions about the context in between. 

The mind-mapping technique was se-
lected to create room for creative discus-
sion about the future. It supports users to 
freely associate, structure, and visualize 
thoughts by branching out with associa-
tions from the given image (Buzan & Buzan, 
1994). The advantage of mind-mapping 
is that the outcome users make results in 
more structured stories (Stappers & Sand-
ers, 2003). 

3.2.3 Procedure

The session followed the procedure de-
scribed as in figure 3.2. The session start-
ed with an icebreaker activity followed by a 
brief introduction of the session and an ex-
planation of the history of a journey plan-
ner. Then, the first mind mapping activity 
about the current interaction was done 
for 15 minutes. Before starting the second 
mind mapping activity about the future in-
teraction, a short introduction on future 
mobility and future users who grow up with 
smartphones and AI speakers was provid-
ed. The second session was held for a  long 
time and time for discussion was assigned 
at the end. 

For the second mind-mapping session, 
images of an analogy to envision future re-
lationships with a travel buddy were pro-
vided to the participants (see figure 3.2). 
People were allowed to select one from 
the provided images or to bring their own 
image to describe their versions of a future 
travel buddy.

Figure 3.2 Provided images to envision the future relationship with a travel buddy

Figure 3.3 Procedure of the mind mapping session
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3.2.4 Participants

Five participants were recruited through personal contact. They were asked to rate their 
innovativeness and tech-savviness at the beginning of the session. (See table 3.1)

Gender

P1

P2

P3

P4

Male

Male

Female

Male

Colombia

Spain

South Korea

US

4/5

4/5

4/5

2/5

4/5

4/5

4/5

4/5

Strategic design, 
mobility

Interaction de-
sign, haptic

Strategic prod-
uct design

International 
relations

Nationality Field of expertise Innovativeness Tech-savviness

Table 3.1 Overview of participants

Figure 3.4 Mind maps created by participants. The number refers to each participant.

3.3 Result

P1

P�

P�

P�
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The session lasted approximately 80 
minutes. All of the participants made two 
different Mind Maps (see figure 3.4, 3.5) 
by following instructions. The keywords 
and phrases used by participants while 
they were presenting their Mind Maps and 
during the discussion after making Mind 
Maps contained excessive information on 
use cases of different apps, their prefer-
ence, way of making decisions, and their 
thoughts about technology being more per-
suasive in our lives. These are analyzed in 
table 3.2 (current)  and table 3.3 (future). 

3.3.1 Current Interaction
People tend to pick a journey planning 

app that is well-known in a located area 
and they tend to mix use of different apps 
in different situations. Participant 1 prefers 
to cycle anywhere because it is healthy and 
it allows him to explore. So he first calcu-
lates a route with Google Maps, exports the 
route to Komoot to find a cycling-specific 
route, and exports it to Strava to track exer-
cise. Participant 2, on the other hand, uses 
9292 to check train arrivals for familiar 
routes and uses Google Maps on the com-
puter screen for unfamiliar routes to find 
new places to visit and see the entire route. 
Participant 4 is always in a hurry when us-
ing an app and his slow phone annoys him. 

Participants mentioned that sometimes 
suggested routes don’t consider how trav-
elers actually travel. It suggests taking 
a bus and transferring to a train whilst 
bikes are commonly used to get to a sta-
tion in the Netherlands. One participant 
raised an interesting point, “Google Maps 
has everything regardless of location, but is 
it the best for specific situations?”. Journey 

planning apps are certainly useful and es-
sential tools to save time and plan a sched-
ule. However, it also makes them “lazy” as 
they think everything is planned out and 
predictable. Even when they know that the 
next train will come in a few minutes, they 
often forget about the exact interval and 
feel they have “failed a mission”.

Topics touched and conclusion of each 
topic can be found in table 3.2)
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Table 3.2 Topics discussed in terms of the current interaction with mobile applications
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P1

P�

P�

P�

3.3.2 Future interaction
For future interaction Mind Map, partic-

ipants were asked to freely use one of the 
provided images or bring their own analogy. 
They all used their own images to describe 
their own version of stories with rich nar-
ratives. Participants 1, 2, and 4 borrowed 
characters from movies or games. Partici-
pant 1 brought robot characters from Star 
Wars describing that a travel buddy will fol-
low wherever users go and automatically 
know everything about users. Participant 2 
brought Jarvis from Iron Man. He envisions 
that a travel buddy will be omnipresent and 
well-rounded managing the overall life of 
users. Participant 4 brought Cortana which 
is a fictional artificially intelligent charac-
ter that Microsoft envisioned several years 
ago. He was focusing on the technology 
that will reduce the barrier between hu-
mans and machines. Participant 3, on the 
other hand, focused on describing the rela-

tionship that a traveler and a travel buddy 
will have in the future. 

Participant 2 brought an interesting 
point into a discussion that the focus is “not 
on efficiency anymore but being more posi-
tive” and “on the well-being” of users. Par-
ticipant 4defined the role of a travel buddy 
as connecting people with people and their 
surroundings. This role description implies 
that an intelligent assistant can’t replace 
people and the importance of human in-
volvement. The quote, “AI is not necessarily 
working for us all the time yet. And we still 
want to rely on the sort of community things”, 
from participant 4 implies that there is a 
misalignment between what humans want 
and do with what AI provides. Therefore, 
there is a need for “a platform where people 
share updates. People coming together and 
creating this community intelligence.”

Topics touched and conclusion of each 
topic can be found in table 3.3)

Figure 3.5 Mind maps (future) created by participants. 
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Table 3.3 Topics discussed about the current interaction with a travel buddy
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3.4 Main findings

Capable of customizing the experi-
ence to cater for their own needs

The need of multimodal travellers can 
be observed from a set of different apps 
they use to serve their own needs. There is 
a tendency of choosing a journey planning 
app that makes them feel most comfort-
able and that they are familiar with. They 
don’t expect that a journey planning app 
can be perfect. It requires an adjustment 
on the routing recommendation and they 
don’t always adopt what the app suggests. 

Incongruence of what apps provide 
with what users want

“I think predicting and knowing what transport 
mode the user prefers and uses are not there yet.”

They feel that route recommendations 
don’t correspond to the way they plan a 
journey and make a decision. For exam-
ple, they think apps are giving suggestions 
based on efficiency the most whilst people 
consider contextual factors such as weath-
er and they are also influenced by mood. 
They would gladly take a detour when they 
feel like it.

Require to take an active part in plan-
ning a journey

“You know, a platform where people share up-
dates.  People coming together and creating this 
community intelligence.”

They acknowledge that technology won’t 
be able to know everything that happens in 
the physical world. Assistance for active 
mode isn’t satisfactory yet so they want 
human involvement in improving route op-
timization. They also want other users to 
be involved in reporting on disruption and 
the condition of the road.

Discovering new places is what multi-
modal travellers appreciate

“It will give more suggestions about life, like 
Airbnb suggests travel-related service.”

The positive side of multimodal journey 
is that it drags out the adventurous side of 
them. They want to explore and discover 
more whether they are in a familiar neigh-
bourhood in a new neighbourhood. When-
ever they visit an unfamiliar neighbour-
hood. 

They are not comfortable with de-
pending on technology 

“it can bring positive/negative emotion based on 
whether I actually succeed in my mission”

The downside of getting help from a 
technology is that it accompanies negative 
emotion, especially when they fail to follow 
the guidance. And not getting the whole 
structure of information but only a portion 
of it is also perceived as problematic.
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Require for tailored service

“It will autoatically learn users and give recom-
mendations based on their personalities, current 
moods, and the way they process information.”

They envision that the travel companion 
in the future will have a better understand-
ing of users. The product will automatical-
ly accumulate data of users and learn the 
way the user makes decisions. It accom-
panies data privacy issue, however, future 
users who grew up with technology and 
havea more positive experience with tech-
nology likely to be more opened to share 
their personal information. 

Still need human touch

“The challenge is to bring back young people who 
have lost their connection to transportation and 
engage people get back in this world of moving 
around.”

Although technology is becoming more 
advanced and they are expecting that the 
interaction with technology will be more 
natural and less frustrating, it won’t re-
place the interaction with humans. It will 
rather have a role to connect people and 
bond them together.



Trust is multi-faceted and has many definitions. We trust something or 
someone because of its competence, when we feel secure or when we 
think we’re on the same side. Most of all, trust is directly linked to the 
adoption and acceptance of something. This chapter looks into the term 
trust from different angles. Product analysis combined with expert inter-
views of selected journey planning apps were conducted and this chapter 
will report on the result. 

Chapter overview

4.1 Introduction
4.2 Theoretical background
4.3 Research setup
4.4 Analysis
4.5 Result
4.6 Discussion
4.7 Conclusion

Chapter 04

Research Activity 2: 
Product analysis and expert interview
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4.1 Introduction

According to the findings of the previous 
user research, the main feature of a jour-
ney planning app that is frequently used by 
users and perceived useful is giving route 
recommendations. While expecting the 
journey planning app to expand its range 
of services from giving route recommenda-
tions to life suggestions, the currentprob-
lem that participants are having is that 
the recommended routes from apps don’t 
reflect or incorporate what users consider 
important. This often results in not adopt-
ing the recommended routes and moreover, 
the app. People acknowledge to some ex-
tent that apps can’t practically know every 
detail of themselves and there is a funda-
mental difference in what the algorithm 
that operates the app and humans take 
into account when making a decision. This 
misalignment between what the app sug-
gests and what users need can be a ma-
jor obstacle for a journey planning app to 
become a travel companion that involves 
deeply in users lives. Therefore, this chap-
ter examines the factors that relate to trust 
at the product level and defines themes to 
be explored to enhance cognitive and af-
fective trust. 

The selected subjects are MaaS apps 
that are built to assist multimodal travel-
lers. The most distinctive feature of MaaS 
apps from previous journey planning apps 
is that MasS integrates the process from 

browsing to paying for each modality of a 
multimodal journey. However, the focus of 
this research will be on the route sugges-
tion. Therefore, the printed routes on the 
app and underlying backend system and 
algorithm will be mainly discussed in this 
chapter.

This chapter follows three consecutive 
steps: (1) Theoretical research on trust. 
This step discovers the elements that con-
struct trust between the user and artificial 
intelligence and the process of forming a 
trust. (2) Then, I take this common under-
standing as a basis to uncover the back-
stage action of the existing products. Se-
lected products are examined at the user 
interface level and delved deeper into the 
backend system level including the recom-
mendation algorithm that optimises and 
suggests routes through interviews with 
experts who are involved in MaaS platform 
development. (3) Finally, the results of the 
interviews and product comparison analy-
sis will be shared. 
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During World War II, Franklin D. Roosevelt and Joseph Stalin had to trust or rely 

on each other for mutual support and cooperation (show cooperative effort) 

against a common foe (a shared goal), while at the same time distrusting each 

other’s actions because each knew that the other had his own interests to serve. 

Even though they were guided by different ideologies (derived by different mo-

tivation), each believed the other would display enough integrity to fulfil agree-

ments they made to conduct the war in certain agreed-upon ways(in a certain 

situation). They were therefore willing to depend on each other(trust-related 

intention) and actually depended on each other (trust-related behaviour), even 

though they were aware of potential problems in their relationship (Risk ac-

knowledgement). 

4.2 Theoretical background

4.2.1 What is trust and how is it established?

Conceptualising trust is challenging since the term is defined in multiple ways. One rea-
son is that this large term has been defined from various intellectual disciplines and the 
second reason is that it is multifaceted containing different meanings in even one definition 
(McKnight, 2001). McKnight reveals the underlying elements in the term trust by using the 
story of Franklin Roosevelt and Joseph Stalin:

These constructs come more vividly if we put the term in a specific context. Lee and See 
(2004) define trust as the attitude that an agent will help achieve an individual’s goals in a 
situation characterised by uncertainty and vulnerability. In this definition, an agent can be 
either automation or another person that interacts with the surroundings on behalf of the 
person. The definition identifies vulnerability as a crucial element of trust and the descrip-
tion of McKnight distinguishes the intention from behaviour. There are two crucial elements 
that define the basis of trust: (1) the focus of trust and (2) the type of information that ex-
plains the entity to be trusted. This latter element guides expectations by describing the 
ability of the trustee to achieve the trustor’s goals. Based on these two core elements, the 
basis of trust constructs has been defined from different perspectives.
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4.2.2 Dimension of trust in differ-
ent contexts

Many researchers in different academic 
fields have defined the factors that lead to 
trust as is presented in table 4.1. 

Trust does not establish in a vacuum but 
evolves in a complex individual, cultural, 
and institutional context. The interdiscipli-
nary conceptualization of trust (McKnight 
Mayer et al, 1995) identifies that the com-
petence of the trustee is important and the 
motivation and intent between the trustee 
and trustor should be aligned. The purpose 
of the trustor should be acceptable and the 
trustor expects consistent performance in 

a given situation. Built upon the general, 
interdisciplinary trust model, different el-
ements have been defined in specific con-
texts. 

In the e-commerce context, the gen-
eral experience with other trustees in the 
same context affects trust formation and 
the trustee requires to calculate the costs 
and benefits of different options. Similar to 
the e-commerce context, it requires cogni-
tive-based factors such as the categoriza-
tion process to get cognitive cues to build 
trust in information systems. Contrastingly, 
in the interaction between human and ma-
chine/artificial intelligence, the trustee ex-
amines the quality of the artefact in three 
different layers: performance, process and 
purpose. 

Table 4.1 Elements that lead to trust defined in different contexts



43Product analysis and expert interview

4.2.3 An interdisciplinary model 
of trust 

The interaction between the multimodal 
travel assistant and the user shares some 
commonalities with trust in information 
systems and trust in applied artificial in-
telligence. The users give permission to the 
personal travel assistant to access per-
sonal information while acknowledging the 
potential threat of privacy invasion. The 
personal travel assistant processes the en-
tered data, destination of the travel within 
the internal system to give route recom-
mendations while displaying information 
that will guide users to choose an option. 

Figure 4.1 integrates McKnight’s integra-
tive trust model (1998) with factors shown 
in the context of trust in information sys-
tems and applied artificial intelligence (Li et 

al, 2008, Hengstler et al, 2016). This model 
consists of four levels of constructs: (1) five 
trusting base factors which form trusting 
beliefs, (2) trusting beliefs, (3) trusting in-
tention, and (4) trusting behaviour. Trust-
ing bases, which are trusting intentions. 
Intuition based trust, disposition trust, 
knowledge-based trust, cognitive-based 
trust and calculative-based trust are used 
as the determinants of trusting beliefs that 
form trust-related attitudes together with 
trust-related intentions. Trust-related at-
titude can be presented as trust-related 
behaviour, which is adopted in this case. 
With technology, the trust-related attitude 
is influenced by how the user perceives the 
quality of technology. These three pillars 
will be used for initial product analysis for 
the expert interview.

Figure 4.1 Integrated trust model (McKnight, 1998; Li et al, 2008; Hengstler et al, 2016)
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4.3 Research Setup 

4.3.1 Product selection and In-
terviewee recruitment

There are many MaaS products that 
were developed to test the impact of MaaS 
at a regional level before implementing at 
a larger scale. Among 9 MaaS products 
from countries including Netherlands, Ger-
many, Finland, Singapore and Sweden, 4 
MaaS products were selected for analysis. 
The most crucial requirement for prod-
uct selection was that it has to be part of 
the ongoing regional/national pilot. The 
products that were part of a pilot that was 
over screened out. For interview partici-
pants, the requirement was that the person 
should have been involved in product de-
velopment and equipped with an adequate 
amount of knowledge of the routing system 
and understanding of how their target us-
ers are experiencing their products. 

4.3.2 Procedure

Research
Before conducting the interview, general 

information on the selected products was 
gathered to gain a basic understanding be-
fore the interview. The main focus of this 
preliminary research was twofold: (1) the 
information about the pilot that a product 
is a part of. Each pilot has a specific target 
group and purpose within a region. There-
fore, the decision-makers of each app 
study and reflect the travel behaviour of 
the target group. Depending on the purpose 
and goal of the pilot, the strategy that the 
product adopted to achieve the goal can 

be observed in the user interface. For ex-
amining the product experience, selected 4 
MaaS apps were downloaded on a mobile 
phone. The home page, route suggestion 
page, and the user profile setup page was 
mainly looked into to understand the inter-
action between the user and the app.

Expert Interview
The interviews were conducted online 

via Zoom video meeting for 30 minutes. The 
interview with one participant has been 
done via email. After explaining the topic 
and focus of the research, the participants 
were asked to briefly introduce their role 
in MaaS app development. The interview 
questions were built under three pillars: 
purpose, process and performance which 
are determinants of trust in the technolo-
gy (Hengstler, 2016), as explained in table 
4.2.

Purpose describes why the product was 
developed. Explaining the context of tech-
nology is critical for avoiding generaliza-
tion and to easily understand the message 
that technology is conveying. Therefore, 
the context that the product is placed into 
and the goal of both pilot and product was 
asked to interviewees. Hengstler posits 
design as an additional factor that encour-
ages the purpose dimension. The attempt 
to achieve the goal is engraved in design, 
which communicates directly with the us-
ers. Therefore, the questions about the 
goal at the user interface and user expe-
rience level have been touched and some 
design features related to explain the sys-
tem operation and user involvement have 
been mentioned during the interview. 

Process information describes how the 
system operates and refers to its under-
standability (Lee and See, 2004). Users 
tend to trust automation if the algorithms 
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are understandable and guide them to-
wards achieving their goals. For multimod-
al travellers specifically, the routing system 
was mainly looked at. The personal/con-
textual/institutional factors that the route 
optimising system considers and the way of 
optimising the route were asked. Addition-
ally, the backend system that gathers and 
integrates data from different APIs was 
discussed. 

Performance information describes 
what the system does. Operational safety 
and data security are crucial determinants 
of performance trust. Therefore, how the 
product deals with personal data and com-
municates its data usage to the users were 
asked. 

Table 4.2 Structure of the expert interview
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4.4 Analysis

4.4.1  Product Comparison Anal-
ysis

After the interview, the result of the ex-
pert interview and preliminary research 
has been analyzed based on the criteria 
explained in table 4.3 The criteria was built 
considering the aspect of MaaS apps giving 
route recommendation to multimodal trav-
elers. Therefore, if the route recommenda-
tion is suitable for multimodal travelers, if 
the route optimization algorithm is adap-

tive, and if it gives relevant feedback to us-
ers were the main topics to look into.

The result of the product analysis was 
fitted in the form of a spider chart. This 
method was selected to compare the at-
tributes of different products in one glance 
and find an opportunity space that hasn’t 
been explored yet. 

Table 4.3 A matrix for product analysis
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4.5 Result 

4.5.1 Route recommendation 
process

Figure 4.2 explains a typical process 
that journey planning apps take. When the 
user enters a destination on the screen, the 
app automatically sets the current location 
and current time as a starting point and de-
parting time respectively. Then, the back-
end system calculates possible routes from 
point A to B. The system integrates data 
from different transport operators into a 

common form and optimizes routes based 
on their defined use cases. To increase the 
efficiency of routing optimization, the num-
ber of transfers, total travel time, and other 
parameters are restricted. Some circum-
stantial factors are considered, however, 
personal factors aren’t being used at all 
due to data security. The additional system 
filters out some routes by recalculating 
data and checking availability. At last, the 
system checks real-time information such 
as disruption and prints out the suggestion 
displaying travel information.  There are 
some configurable parameters that users 
customize the route suggestion to some 
extent. By adjusting the options, users can 
be provided with routes that match their 
travel cases.

Figure 4.2 Process of a journey planning apps providing route recommendation 
       * order and details may differ



48 Chapter 4

4.5.2 Interview response

Table 4.4 Topics touched during interviewing with experts
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4.5.3 Product analysis

Figure 4.3 The result of product analysis based on evaluation criteria
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Usability

Every interview participant answered 
that their goal of the product at the user in-
terface level is to be simple and easy and 
doesn’t cause any confusion or trouble 
using the product. Making the user experi-
ence flawless and intuitive is an important 
aspect of the user interface. All products 
don’t require any unnecessary steps to plan 
a journey and even simplify steps by using 
a saved location function. Current location 
and current time, respectively,  are set as a 
starting point of a journey and leaving time 
automatically which simplifies the steps to 
achieve the goal with a product. Product 2 
has a customizable home page that shows 
a widget of saved locations, station and bus 
stops and routes in order to let users plan 
their frequently recurring travel quickly. 

HabitSchema Congruence

This matrix sees if the routing system re-
flects how the travellers actually plan and 
make a journey. Each product has different 
target groups and attempts to serve their 
needs. The routing system of product 1 in-
corporates the actual use case of target us-
ers, who have high car ownership when op-
timising the route. Therefore, the product 
classifies the routes as follows: car, park 
and ride, public transport, bike-train-bike, 
etc. The user interface of product 2 reflects 
how travellers in the Netherlands travel by 
incorporating a button that allows users to 
select a connecting transport mode. Ac-
cording to KiM(2020),  multimodal travel-
lers often decide which transport mode to 
use before checking the route due to pref-

erence and accessibility towards certain 
transport modes. Product 3 and 4 consider 
that people walk or cycle to access public 
transportation. 

Hedonic Motivation

There are some MaaS apps that give fi-
nancial benefit to users who purchase sub-
scriptions to promote people to use the app 
and travel in a multimodal way. Product 2 
has a playlist generating function based on 
the total travel time and music taste of the 
user, which is receiving positive feedback 
from the users. However, hedonic motiva-
tion hasn’t been explored explicitly yet al-
though there are some attempts to incor-
porate hedonic-related features. Product 4 
is at a testing stage of incorporating gami-
fication of experience to promote sustaina-
ble movement. 

Context-awareness

All selected products at least take re-
al-time information such as disruption, 
train cancellation etc into account when 
suggesting routes. Product 2 and 4 give dif-
ferent travel advice based on the transport 
mode that the user chose. For example, the 
app doesn’t navigate the user to cobble-
stone covered roads if the user chooses a 
bike as a connecting mode. Product 2 and 3 
take contextual factors into account by let-
ting the users adjust some contextual pa-
rameters such as determining the walking 
distance and selecting a wheelchair acces-
sible option. Some contextual factors are 
crucial determinants for travellers when it 
comes to choosing a transport mode. 
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Interviewees of product 1 and 4 men-
tioned that the product was once used to 
show weather information on the app but 
this feature is now gone since weather pre-
diction is often inaccurate which might, in 
turn, lead to decreased trust towards the 
suggestion and moreover, the product. 

 
Transparency

All products are at least following the 
basic privacy law and interviewees have 
mentioned that they think twice before col-
lecting data from users if it is necessary to 
collect the specific data. The use of GPS 
data is required to know the current loca-
tion of a user. With product 2, the users can 
access a page that explains which data is 
being collected for what purpose. There, 
the users can give permission to each item. 
Product 4 informs about legal requirements 
and data usage in user onboarding. 

Explainability

One major challenge of product design-
ers is to simplify the complex operating 
mechanism of the backend system on the 
user interface and only speaks necessities. 
The explicit and comprehensive explana-
tion of what happens behind the scenes is 
often neglected for the sake of usability. 
Product 2 and 4 give some cues on what 
the system can do or can’t do via messages. 
Product 2 communicates what the user can 
adjust when there is no available route and 
explains that the users can decide which 
information to be displayed with route sug-
gestions. Product 4 informs when the sug-
gested routes are outdated which in turn 

increase the validity of suggested routes. 
Labelling and classification of routes also 
give hints on how the app optimises the 
route. Giving cues on how the routing sys-
tem operates allows users to compare dif-
ferent options to make a decision.  

User-adaptivity

This matrix evaluates the extent of user 
involvement of a product by allowing us-
ers to customize their routes by adjusting 
configurable parameters and responsive-
ness to user input. Product 2 has the most 
numerous configurable parameters that 
are accessible by users. Product 3 allows 
the users to adjust walking speed and they 
are planning to incorporate more parame-
ters that affect the accuracy of prediction. 
However, personal factors can’t be collect-
ed due to privacy issues when recommend-
ing routes.

Relevance Feedback

Product interaction data is usually col-
lected to enhance user adaptivity. Product 
4 is the only product that incorporates the 
function that receives explicit user feed-
back on the app. The interviewee of prod-
uct 4 said that getting feedback on whether 
the suggestion was useful or not helps a lot 
to improve the routing system. On the other 
hand, product 2 has the focus group that 
they work with closely and in the beta app, 
they test new features before incorporating 
them into the main app. The interviewee of 
product 2 said that the quality of feedback 
matters. 
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4.6 Discussion 

4.6.1  Product Comparison Anal-
ysis

Efforts to maintain the simplicity of the 
user interface conflict with other themes 
such as context-awareness, transparency, 
explainability and user-adaptivity. Most 
existing journey planning apps provide the 
users with predetermined decision options 
through simplified user interfaces and 
dashboards. However, the resulting sim-
plicity may have negative effects when al-
gorithms neglect contextual factors (Mar-
abelli et al., 2018) which are important 
determinants in human decision making. 
Negative consequences such as reduced 
information due to oversimplification (Or-
likowski and Scott, 2014), inaccuracy (Mc-
Farland and McFarland, 2015), a loss of 
fairness (Zarsky, 2016)  and other ethical 
issues can be raised. Therefore, balancing 
between maintaining usability and allow-
ing flexibility to invite users more into the 
recommendation process can be one major 
challenge. 

Classification of routes that apps de-
fined gives a hint on their understanding 
of target users’ travel behaviour that is a 
result of massive user research. To provide 
valid options that suit the way users actu-
ally plan and travel selected products are 
largely depending on implicit feedback that 
can be collected through product interac-
tion data. There is an attempt to allow cus-
tomization by providing configurable pa-
rameters. However, the determinants that 
actually affect human decision making are 

related to emotion and personal state that 
changes rapidly and depending on a lot of 
circumstantial factors (Braun, 2019) that 
can’t easily be quantified with parameters. 
Therefore, some decisions are solely left 
for users to make. 

In conclusion, most existing products 
are mainly focusing on instrumental and 
pragmatic aspects to enhance trust and 
acceptance. Optimising the divergent pro-
vider landscape is a key challenge because 
each transport operator has its own rules 
to play. For example, there are different 
policies for reservation, return, require-
ments for activating the account, pricing 
and more. Moreover, as the app suggests 
routes based on data that comes from ex-
ternal API, the accountability and validi-
ty of recommendations largely rely on the 
quality of API data. Therefore, the backend 
system has an additional system that pro-
cesses and recalculates these data. At the 
user interface level, the biggest challenge 
is figuring out how to represent data and 
information in an intended way. 

4.7 Conclusion
There is a gap between human and al-

gorithmic decision-making processes. To 
make a better alignment between the two, 
the focus will be on being more transpar-
ent than being opaque at the user interface 
level. However, interacting with a digital 
product should be easy and intuitive involv-
ing less effort. Less-explored areas such 
as hedonic motivation, explainability, con-
text-awareness and user-adaptivity will be 
explored in the later chapter of this project.



This chapter synthesizes the findings and insights from the previous re-
search activities aiming at defining a design goal and design criteria to 
tackle the addressed challenge in order to adopt a travel companion pow-
ered by adaptive intelligence that assists multimodal travelers to shape our 
future mobility together with users.
Under the design goal, four themes of design were defined and translated 
into four sets of design criteria accompanied by specific requirements to 
design and evaluate the final prototype that depicts the suggested way of 
interacting with a travel buddy by the author. 

Chapter overview

5.1 Synthesis
5.2 Design goal
5.3 Criteria and requirements

Chapter 05

Synthesis
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5.1 Synthesis

The opportunity that a multimodal jour-
ney can bring to users is that it can pro-
vide personal and situational adaptivity. 
While service is evolving fast, the speed 
of change in infrastructure falls behind. 
Intelligent systems and smart assistants 
will play an important role in filling the gap 
between infrastructure and service devel-
opment guiding users to switch between 
different transport modes. Experts and 
users are envisioning that digital systems 
will be equipped with better capabilities of 
communication, prediction and user-adap-
tivity in the near future. As digital systems 
are gaining more power in our daily lives, 
more attention is being paid to the ques-
tion of how digital service can be used as a 
tool to solve social issues and improve the 
well-being of individuals and groups. 

From users perspective
While users are envisioning that future 

travel companions will be almost like a 
part of the users knowing everything about 
the user and provide service based on their 
previous activities and preference, the lack 
of reliability that users are perceiving with 
the existing journey planning apps is one 
challenge to overcome. While MaaS apps 
are dealing with general competence in 
terms of predictability, accuracy and per-
ceived usefulness of technology, users re-
quire a profound understanding of how the 

system operates and be involved more in 
decision-making to be able to be in control 
of their own decision. Although future users 
would likely be less reluctant to share their 
personal information if they can be provid-
ed with personalised service and know that 
their personal information is in good hands, 
negative emotions of being dependent on 
technology should be tackled. Then how 
can we shape our future into a more posi-
tive one, together with smart agents which 
take over some authorities of users?

From experts perspective
From product analysis, two different 

strategies when it comes to facilitating in-
teraction between an app and a user were 
identified. One strategy is to involve users 
more by being transparent with data us-
age, giving hints on how the backend sys-
tem operates and allowing users to adjust 
options of routing systems. Secondly, some 
products rather maintain simplicity and are 
opaque, catering to needs for predefined 
use cases. However, reduced information 
can lead to detaching humans from deci-
sion making which in turn results in humans’ 
losing control of their performance. On the 
other hand, it is found that selected apps 
are moving towards embracing more us-
er-friendliness by expanding configurabili-
ty and allowing users to micro-adjust their 
routes. Moreover, there is also an attempt 
to bring emotional benefits to a product. As 
products are leaning towards reducing bar-
riers between human beings and intelligent 
things, it is worthwhile to look into the role 
of a touchpoint that mediates an assem-
blage of human and intelligent agents for 
making a multimodal journey.
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Figure 5.1 Elements that consist of the 
design goal

5.2 Design goal

To design a travel buddy 

that empowers multimod-

al travellers to be more in 

control of their decisions 

and enhances engagement 

with each other to make 

joint efforts to shape future 

urban mobility experiences.

The interaction made 

through the screen should 

be interpretable to under-

stand the user’s needs.

The ultimate goal of a travel buddy is to 

build a collaborative relationship with us-

ers. Figure 5.1 illustrates the consequential 

steps to achieve this goal. The design goal 

is generated to tackle the two main chal-

lenges identified in assisting multimodal 

travellers from the previous research activ-

ities (literature review, research activities 1 

and 2). Autonomy and engagement to fa-

cilitate collaborative interaction between 

a user and a travel buddy will be focused 

on. The sub-goal is to improve implicit hu-

man-computer interaction data to be more 

interpretable to understand the latent need 

of multimodal travellers. These two state-

ments are broken into four goals and will 

be explained in the next section followed 

by criteria to design and evaluate a solu-

tion.
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5.2.1 Collaborative performance

A travel buddy should mediate a collab-
orative relationship by inviting both users 
and itself to the process of planning and 
making a trip. 

To facilitate a collaborative perfor-
mance between a user and a travel buddy, 
the travel buddy and users have to have a 
fair amount of understanding of each oth-
er. The user interface has an important role 
as a medium that connects users with the 
system behind to make users feel that the 
system is adapting to their actions so that 
users can be more willing to share their in-
formation. Most of all, it should make the 
users that the travel buddy is operating un-
der the same goal.

5.2.2  Autonomy

Reconnecting the users to their deci-
sion-making is the main challenge to fa-
cilitate the collaborative relationship. As 
journey planning apps are evolving to have 
a more complicated backend system to 
provide more personalised and intelligent 
service, many information and processes 
are getting simplified for the sake of usa-
bility. This results in detaching users from 
their decision-making and losing a holis-
tic understanding of the information of the 
mobility system. The design should invite 
users more into the process of planning a 
journey and this requires the travel buddy 
to be more understandable from the user 
perspective. Sufficient information about 
the operation process of a travel buddy 
should be provided to users so that the 

barrier between the automated decision 
and users decision can be reduced. 

5.2.3 Engagement

Engagement describes the attribute that 
encourages the users to have an engaging 
experience while interacting with a trav-
el buddy. To make users adopt a product, 
they should feel that it is useful. This goal 
is adopted to explore the opportunity that 
cognitive and hedonic attributes can bring 
to the table. The focuses are on the con-
gruence between what the user needs and 
what the travel buddy offers, motivating 
users to build a constant relationship with 
a travel buddy and providing emotional 
benefit to users.

5.2.4  Implicit Human-computer 
Interaction

From the expert perspective, investi-
gating users’ needs while not invading 
their privacy is a challenge. Therefore, the 
general way of learning users is to ana-
lyse the product interaction data to reveal 
latent needs. The goal is to make the in-
teraction more direct and interpretable. 
It implies that the interaction through the 
digital touchpoint should allow a travel 
buddy to understand the way users plan a 
journey and the factors that influence deci-
sion-making in real life. 
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5.3 Criteria and requirements
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This chapter reports on the process of developing a prototype and the out-
come. The prototype has been developed with the aim to provoke real ac-
tion and behavior that will happen in the future based on the design goal to 
make an interaction between a travel buddy and a user a collaborative one. 
Three initial concepts were generated focusing on finding a better way to 
represent travel information to help users make decisions. These concepts 
were evaluated with a user survey. Based on the result, the final user flow 
has been defined and a prototype has been developed to deliver the user 

Chapter overview

6.1 Ideation
6.2 Three initial concepts
6.3 Concept evaluation
6.4 Result
6.5 Final concept

Chapter 06

Conceptualization
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6.1 Ideation 

The integrated creative problem solving 
(iCPS) approach suggested by Delft Uni-
versity of Technology was adopted for this 
activity. iCPS basic module is built upon 
the traditional two-step creative diamond 
that consists of diverging, getting as many 
options as possible and converging, select-
ing the most promising options out of the 
many options (Guilford, 1950). The reverg-
ing step has been developed to fill the gap 
between two steps and get an overview 
of options generated in the first step. The 
ideation process of this thesis followed the 

three steps suggested.
In the diverging stage, the design goal 

was broken into two main themes: au-
tonomy and engagement. Brainwriting 
technique was used for each theme to in-
corporate the ideas emerged in previous 
research stages. After the diverging stage, 
ideas were categorised by using the spon-
taneous clustering technique (see figure 
6.1). Clustering helps to gain an overview 
of all options generated. Before converging 
ideas into a solution, ideas that don’t fit 
the remaining two design goals, coalition 
and implicit HCI were eliminated. Ideas 
were combined considering the balance of 
autonomy and engagement into three con-
cepts and improved to distinguish the char-
acteristics of each concept. 

Figure 6.1 Generated ideas and clusters during brainstorming
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6.2 Three Initial 
concepts

Based on generated ideas, three con-
cepts were built that allows users to cus-
tomise their routes more freely and gain an 
understanding of how the backend system 
operates. From the expert interviews, I 
found out that route recommendation al-
gorithms in existing apps operate by lim-
iting and predefining the value of parame-
ters. The common thread that runs through 
these initial concepts is to allow users to 
access these parameters and adjust as 
they want. 

Concept 1: Configurable parame-
ters

The first concept, Configurable Parame-
ters, gives the users full access to numer-
ous parameters to adjust the route recom-
mendation. After entering the destination, 
the app will show route options with a pan-
el that allows users to adjust options and 
select transport mode for each mile of their 
journeys. If the user clicks the option but-
ton, they will enter a page that contains 
more configurable parameters that quanti-
fies factors that they consider important to 
customise their journey to cater their own 
personalised needs. 

Concept 2: Label your route
The second concept incorporates how 

the backend system of the existing MaaS 

apps generates routes for their custom-
ers. They predefine parameters and limit 
the  quantity such as the number of trans-
fers, walking distance and travel time to 
enhance speed and accuracy of their route 
suggestions. And they apply a sorting al-
gorithm to categorise and label routes to 
help users to make decisions. The idea is 
to directly provide parameters that deter-
mine the routes to users and allow them to 
adjust the levels to create their own way of 
route optimisation. This way, not only cus-
tomising their sorting algorithm, the users 
will be able to change the order and pri-
oritise the classification in different travel 
situations. 

Concept 3: Micro-customization
This idea came from one quote from the 

participant of the mind-mapping session. 
“I prefer to use my laptop to find routes 
because then I can see the whole overview 
of my routes with a map.” This quote im-
plies that maps can help users to navigate 
the surroundings not only when they are on 
their way but in the earlier stage where they 
plan their journeys. For multimodal travel, 
the experience of each mile composes the 
experience of the whole journey. This con-
cept allows users to have an overview of 
their journey more clearly and micro-cus-
tomise their first and last mile of their jour-
ney by selecting a mode and adding stops. 
The main mile (the journey in between the 
first and last mile that usually takes up the 
longest distance) can be determined based 
on the first and last mile that are made by 
users.  



Concept 1: Configurable parameters



Concept 2: Label your route



Concept 3: Micro-customization
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6.3 Concept evalua-
tion Setup

With the three initial concepts presented 
above, the survey was constructed to see 
which concept will be the most preferable 
and associates with autonomy, congruence 
with their travel journey and convenience. 
The survey was published online and made 
to take about 10 minutes to complete. 

6.3.1 Structure
The survey consists of five sections. It 

starts with asking general demographic 
information and their level of multimodal-
ity was specifically asked. After that, the 
questions about their attitudes and ten-
dency of making decisions were asked. 
Next, three concepts were presented and 
participants were asked to select a con-
cept that is most relevant to the question 
regarding preference, perceived autonomy 
level, congruence with their travel behav-

iour and convenience of use. 

6.3.2 Participants
12 people responded in total. Most of 

them are master students in the Nether-
lands and some are working in the mobility 
industry. (see figure 6.5)

6.4 Result

6.4.1 Personal dispositions in de-
cision-making

More than half of participants respond-
ed that others’ opinions and reviews influ-
ence them when they make a decision and 
they are rational and calculative rather 
than emotional and intuitive. The influence 
of their personal deposition to trust to the 
preference of the user interface couldn’t be 
found. However, it is found that regardless 
of their attitude on decision-making, al-
most all except one person chose to have 
more detailed information rather than be-
ing recommended automatically by an al-
gorithm. 

Figure 6.5 Overview of participants
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6.4.2 Three concepts
The most preferred concept was the  sec-
ond concept. People responded that it is 
the easiest to use and understand com-
pared to other two options. They appre-
ciated that they can still find information 
they look for.

“These labels kind of correspond with 
how I choose / plan in real life without 
an app.”

The ambiguity of the route label evokes 
the feeling that it might land them to a new 
place. This concept associates with fun 
and adventure. One respondent mentioned 
that this concept incorporates the fact that 
every travel has different goals and char-
acters. And one other respondent said that 
this concept corresponds with how the user 
chooses and plans a journey in real life 
without an app. 

“When I’m trying to find a route, I am 
usually in a hurry. I just want my jobs 
to be done, I won’t have time to adjust 
small details for my route.”

The first concept gained half of the re-

maining votes. Both respondents men-
tioned the convenience of this concept. 
Some participants agonized between the 
first and third concept and voted for the 
first one because of its ease of use. 

“Although I know the recommendation 
is great, I would like to have more con-
trol.”

The third concept also gained same 
votes. One respondent appreciated the 
amount of control he will have. Another 
respondent appreciated the customizabili-
ty of the first and last mile. However, it is 
found that the amount of control is more 
needed when the user is travelling to an 
unfamiliar region. 

The third concept was the most selected 
concept in terms of autonomy. In terms of 
congruence with the actual travel behav-
iour, there wasn’t a big difference between 
votes that the three concepts gained. In 
terms of convenience, concept 2 won most 
of the votes and remaining votes went to 
the first concept.

The survey result can be found in figure 
6.6 and appendix 3.

Autonomy Congruence Conven�ence

Preference

Concept 1

Confiuraabt  aramtttrs

Concept B

Label your route

Concept N

Micro-customization

Result of the concept survey

Figure 6.6 Result of the concept survey in terms of preference, autonomy, congruence and 
convenience
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6.4.3 General findings

Simplicity and convenience is what 
users appreciate

Based on the result, convenience and 
consistency with the travel behaviour seem 
to be the most important determinants that 
lead to preference. According to comments 
from participants, they are mostly in a hur-
ry and don’t feel the need to micromanage 
their route. However, this could also mean 
that people don’t expect an app to repre-
sent how they plan and choose a route in 
the real world. 

Most people choose the concept they 
chose for preference also for convenience 
and consistency. Although participants 
mentioned that losing autonomy is a major 
concern of using technology (Chapter 3), it 
didn’t directly lead to acceptance.

Too much control reduces spontaneity

“For me sometimes it’s better to get lost 
to have a variety of experiences.”

This quote from one participant explains 
what people like about travelling with pub-
lic transport and active modes since it al-
lows you to get lost and explore narrow 
streets. Although having a certain amount 
of control and predicting a trip in advance 
are important aspects to increase satisfac-
tion of travellers, finding the right balance 
of intervention is important. 
Labeling a route: intuitive representa-
tion of what travellers look for

“I like that with one word I can see what 
I look for: fastest, easiest, greenest etc. 
so I can just choose and go”

Multimodal travellers have to know var-
ious information to make a decision which 
route to select. To help this process, journey 
planning apps display precalculated infor-
mation such as travel time, cost, number of 
transfers and et cetera. Putting a label that 
is defined based on preset parameters can 
be an intuitive, easy and interesting way to 
plan and choose a route. 

Different goals and characteristics of 
each trip should be considered

“it’s never only about one thing, e.g. 
only price. I want a combination of rea-
sonable price, convenient timings and 
green.”

“For a trip across Europe I like to be able 
to customize on a micro-level. If I travel 
across the Netherlands, then I’m fine 
with less control.” 

Every trip has a different goal and char-
acter. For example, what people want for 
commuting is different from when they are 
hanging out with friends or family. And the 
familiarity of the destination also matters. 
There are different goals that have to be  
achieved in one journey. Knowing these 
contextual factors and taking into account 
when guiding users could increase adaptiv-
ity of a travel buddy.
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6.5 Final concept 

Current interaction between a user and 
a travel assisting tool is rather one-way 
than two-way. Users have a limited access 
and understanding to parameters that are 
used to generate route recommendations 
which makes a travel buddy incomprehen-
sible and distant. 

This section suggests a collaborative re-
lationship between a user and a future trav-
el buddy by applying the following steps. 

6.5.1 User flow

Introduction
A travel buddy introduces itself and asks 

to have access to certain data while ex-
plaining what it will going to do with it with 
examples. Users can either approve access, 
require more information for data usage, or 
decline access. Users build awareness and 
gain understanding of a travel buddy’s per-
formance and intention. 

Journey planning 
In the early stage of use, a travel buddy 

asks to travel together. When a user select 
a route and agrees a travel buddy to join,  it 
will start tracking location data. Based on 
this data, the travel buddy will be able to 
know the actual transport mode you used, 
your moving speed if you’re walking or on a 

bike, visited places and so on. 
The user and travel buddy will get to 

know each other better over time. Then, 
many tasks can be automated and the pro-
cess of planning a journey will be simpli-
fied by using saved travel modes. This way, 
users will be able to select a travel mode 
in different travel situations. Furthermore, 
the travel buddy auto-generates a travel 
mode based on the preference, previous 
travel behaviour of the user, and the mood.  

Learning
A travel buddy analyzes a journey after 

the journey is over. First, the travel buddy 
gives an overview of a journey based on 
data that can be directly interpreted. It 
shows, for example, the actual travel time 
in total, used transportation modes and av-
erage speed of active modes (e.g., walking 
and cycling). Then, it compares the actu-
al route with the planned route, suggested 
by the travel buddy. It pinpoints the differ-
ence and asks a question to understand 
what has changed the user’s mind to take 
an alternative route. Then, the travel bud-
dy further investigates the context and the 
motive of a journey so that the saved travel 
mode can be used in the similar travel situ-
ation. At the end, the travel buddy sums up 
the user’s travel type by defining it with a 
name. The result is saved as a travel mode 
to apply saved parameters for the later use.







This chapter reports on the set-up, process, and result of the research 
conducted with an experience prototype. Experience prototype is a 
representation that is designed to explore and communicate existing 
or future conditions through engagement with prototypes (Buchenau & 
Suri, 2000a). Participants interacted with a prototype in two situations, 
after installation and prolonged use. The result was evaluated with a 
questionnaire developed based on the design goal defined in chapter 
5, through observation and by a follow-up interview. The chapter con-
cludes with the impact of a travel buddy that might influence the travel 
behavior of users.

Chapter overview

7.1 Study design
7.2 Evaluation methods
7.3 Result
7.4 Discussion

Chapter 07
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7.1 Study Design

7.1.1 Research objectives 
The goal of this research is to explore 

the impact of the suggested relationship 
between a user and a travel buddy in the 
context of multimodal travel in the near 
future. On the one hand an evaluation of 
Travel buddy as a medium for assisting 
multimodal journey planning. On the other 
hand, this study aims to explore the effects 
of such an assistant on the urban resident’s 
travel behaviour.

These effects were explored by finding 
out the impact of defining a travel behav-
iour in different travel situations by inquir-
ing deeper into the context of each journey 
and analysing the behaviour. Subordinate 
research questions are defined to measure 
the impact as follows: 

1) How would people interpret the de-
fined travel behaviour? 

2) How would people define their trav-
el mode themselves in different situations 
and what are implied in the statement? 

3) What impact does it have in changing 
the way of travelling?

Travel buddy was expected to make the 
journey planning process more collabora-
tive by assuring autonomy and enhancing 
engagement as described in chapter 5. 

7.1.2 Method
This research employs an interactive 

prototype made with figma, a collaborative 

interface design tool. The prototype was 
developed to put participants in a story 
where they interact with a travel buddy in a 
suggested way. Experience prototyping is a 
form of prototyping that enables people to 
gain first-hand appreciation of existing or 
future conditions through actively engag-
ing with prototypes (Buchenau and Suri, 
2000). Thus, the prototype is a representa-
tion of an experience suggested for the fu-
ture that is made to provoke real world ac-
tions and explore what it might be likely to 
engage with the travel buddy rather than to 
evaluate usability and user interface.

The prototype consists of two main flows 
that represent first user experience with a 
travel buddy and a prolonged user experi-
ence including user onboarding, planning, 
and analysis.

Figure 7.1 Research setup using Zoom 
and a prototype embedded in Notion page
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7.1.3 Participants

6 participants were recruited through 
personal contact. The requirement for par-
ticipants was to live in an urban area in 
the Netherlands and to be equipped with a 
multimodal mindset. 

7.1.4 Procedure

Every session was conducted online 
using Zoom combined with a Notion page 
embedded with the prototype (see figure 
7.1). The session took approximately 40 
minutes for each. It started by explaining 
the purpose of a session and the goal of a 
prototype. Then, participants were asked 
to imagine that they just installed and 
launched the travel buddy on their smart 
devices and to plan their commute for the 
first time. After getting their journey analy-
sis, they were asked about their emotions. 
After that, they were given two tasks to 

plan their commute and weekend, imag-
ining that they have been using the travel 
buddy for a while. In this phase, questions 
were asked about what they expect by us-
ing a travel mode they selected and how 
would they define their travel type in the 
given situation. After completing the tasks, 
they were asked about their emotion again 
and asked to fill out the questionnaire that 
is made based on design criteria defined in 
chapter 5. Participants explained the rea-
sons for their responses. Lastly, the session 
concluded with a follow-up interview. Gen-
eral remarks on the experience were made 
and what they think about the impact of a 
travel buddy on changing the way of plan-

Table 7.1 Overview of participants

Figure 7.2 Timeline of a research with an experience prototype
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7.2 Evaluation 
methods

The evaluation was done in three ways. 
First, a participant was asked about his/
her emotion after each main flow. Premo, 
an emotion measurement instrument, was 
used as a discussion tool to help partici-
pants elaborate their emotions (Desmet 
and Laurans, 2017). Fourteen different 
emotions described with a cartoon char-
acter were shown to participants without 
showing what emotion each illustration de-
scribes and asked to choose one drawing 
and explain why. After exploring the pro-
totype, an evaluation questionnaire form, 
which is made based on design criteria, was 
given (seee figure 7.3). Each article was 
paraphrased in the statement of a user and 
participants were asked to rate with the 
score from 1 to 5. More qualitative aspects 
were investigated with interviews. Remarks 
on clicks and responses were made. Last-
ly, the main question about the impact of a 
travel buddy on urban travellers behaviour 

was asked. 

Figure 7.3 a screenshot of Google form 
provided to participants for evaluation
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Participant

Participant

First User-experience

Pro¦on¢e� User-experience

A

A

B

B

C

C

D

D

E

E

F

F

Cfriosity

Aha!

Cfriosity

Intrigfed

Intrigfed

Arofsed

Wondering

-

Cfriosity

Cfriosity

Thofght fl

-

I don’t exactly know what it will bring to me, bft the idea or the 

approach o  it seems fse fl.

It seems to redfce my strfggles with existing solftions. It won’t 

be necessary to adjfst settings every time.

Nice UI. Draws me a cfriosity. It’s an interesting experience.

I’m intrigfed and makes me want to explore it more. I got  amiliar 

very qfickly. 

I jfst installed it and it’s kind o  a new thing to me. _ft the idea o  

defning me is  fn

What are yof gonna give to me�

Small design components makes me wonder and makes me want 

to click on it.

No emotion in particflar. I wofld like to see the competence o  it 

and get a satis actory resflt with my contribftion.

I’ve never fsed anything like this be or
e

I am still cfriofs.

Okay, what is going on
?

Hey, this is really nice. What will come next
?

Emotion

Emotion

Quote

Quote

7.3  Result

7.3.1  Emotion measurement

After the first-user-experience flow, every participant felt curiosity wondering what will 
come next and what value it will bring to them. After the prolonged user-experience flow, 
reactions varied. Most participants understood what a travel buddy does, however, they 
wanted to see more about what it can do. They wanted to see the competence and capability 
of a travel buddy that will benefit them in long term. (see table 7.2).

Table 7.2 Overview of emotions participants felt after experiencing each flow
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7.3.2 Questionnaire

Autonnomy

According to one participant, “a travel 
buddy provided information to understand 
its computer reasoning and intention more 
than most computer travel systems”. Some 
participants appreciated the examples that 
a travel buddy gave in the user onboarding 
phase. However, interacting with a travel 
buddy in a dialogue form didn’t efficiently 
deliver every information it provided. One 
participant, an interaction designer, sug-
gested “to use design components such as 
icons or images to communicate information 
more successfully”. 

The travel buddy gave sufficient flexibil-
ity to solve pain points that some partici-
pants were struggling with existing journey 
planning apps. One participant said, “it 
feels like this buddy will give what I want”. 
The aspect that the travel buddy is consid-
ering different factors that travelers usually 
keep in mind when planning a journey was 
appreciated. On the other hand, custom-
izability was related to usability for some 
participants. 

Based on observation, most participants 
didn’t click a button to get more informa-
tion on how this travel buddy uses their 
data and what it does. When they were 
asked why they answered that they usually 
don’t have time to read all information that 
apps give and they think they can’t do an-
ything about it even if they know about it. 
However, participants thought travel bud-
dy was being honest with data usage and 
it allowed them to be aware of the process 
they are in. 

Engagement

Participants consider different fac-
tors in different situations. For example, 
one participant always cycles to his work, 
therefore he would only use an app to find 
an alternative to get to the office on time 
when it rains. When he plans his weekend, 
he browses a day trip and plans a journey 
the day before and prefers to take a route 
with a good view. Participants responded 
that this way of journey planning will allow 
them to apply different values and get an 
accurate time estimation. The correspond-
ence to their actual travel behavior led to 
increased motivation. One participant, who 
also participated in the mind-mapping ses-
sion uses several apps to meet his goal. He 
said, “I would have a better tool that actually 
suits the way I travel”. One participant men-
tioned that “direct feedback” to their action 
will motivate him to use a travel buddy in 
long term.  

“The idea of having a conversation with a 
travel buddy” makes participants be more 
engaged with a travel buddy and have 
emotional benefits. 
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Co-performance

Giving permission to access personal data 
doesn’t necessarily mean that they trust a 
system. With previous experience with oth-
er mobile applications, they are aware that 
they have no other option but to hand over 
essential data to receive a full service that 
a product can provide. Therefore, a travel 
buddy has a mission to show its compe-
tence and capability within a few uses. The 
effort of a travel buddy to really understand 
the underlying needs of users was appreci-
ated and made them feel that  it is trying to 
adopt a goal of travelers. One participant 
mentioned, “whether my own travel person-
ality is the same as what a travel buddy says 
or not, it is likely to become similar as the 
travel buddy presents goals to achieve”.

Adaptivity of a travel buddy gained a 
high score from most participants. A re-
mark was made by one participant that 
showing examples of how a travel buddy 
adopts his input will be helpful to feel that 
the travel buddy is adapting itself to suit 
users’ needs.

Interpretability and spontaneity

When participants were asked to guess 
what kind of routes will be generated when 
they select a particular travel mode, the 
interpretation of travel modes was consid-
ered accurate. Although every participant 
responded that the given travel type after 
experiencing the analysis flow represents 
how they travel,  they weren’t certain if 
their interpretation of travel modes is ac-
curate. Some participants mentioned, “al-
though I can make good guesses, names can 

be more clear and specific”. Moreover, one 
participant asked what other travel types 
there are. The conclusion on this topic is 
that giving access to parameters that were 
used to define a travel mode can be helpful 
in reducing uncertainty. 

There were very different perspectives 
on how to interpret spontaneity, which was 
paraphrased with the word adventure in 
the questionnaire. For most participants, 
adventure is closely linked to place recom-
mendation. Recommending places to visit 
or day trips will enhance the spontanei-
ty aspect of the travel buddy. Although it 
wasn’t explicitly communicated that a trav-
el buddy will randomly add places to vis-
it based on users’ previous activities, one 
participant mentioned that “being able to 
apply different values than efficiency makes 
him believe that he will discover new plac-
es”. Another participant, on the other hand, 
said, “it’s not an app that can bring an ad-
venture but I have to make make it myself”. 
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7.4 The impact of a 
travel buddy

Travel type and behaviour definition, 
a tool to reflect on one’s travel behav-
iour

“It reminds me of MBTI, a personality 
test.”

Knowing a type of yourself helps individ-
uals understand their own preferences and 
the way of making decisions. Defining a 
travel type could act as a tool to reflect on 
and observe their own travel behaviour. On 
the other hand, it can also work the other 
way around. Users could also travel differ-
ently from what they used to do to fit that 
type.

The matter of who is adopting whom?

“It’s more like presenting a goal to me 
rather than adopting my goal.”

A travel buddy can only work within a 
predefined algorithm and may not repre-
sent the actual goal of a user. A travel bud-
dy might learn and adjust service according 
to the user’s input, however, it is likely that 
a user will adopt a goal that is presented 
by a travel buddy rather than pursuing his/
her own goal.

It will allow users to apply different 
and various values than efficiency

“If it was the efficiency that existing 
journey planning tools prioritised, it 
seems applying different values and 
goals that I had only in my mind in route 
optimisation will be possible.”

Journey planning apps optimise a route 
by applying their own set of values based 
on predefined travel cases. If users can ac-
cess the parameters that represent those 
goals, people would be able to calculate 
an accurate time to travel in their desired 
ways.
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 The research of this chapter as well as 
previous research were conducted during 
the COVID pandemic. Due to protocols and 
measures that the government imposed, 
people were remarkably traveling less 
studying and working from home. Thus, 
concerns and needs of people changed 
from the past and it resulted in difficul-
ties immersed with the topic. The circum-
stance also influenced the quality of ob-
servation. Fortunately, the characteristic of 
this project that focuses on an interaction 
of a user with an artificial and digital be-
ing didn’t hinder capturing what is going on 
on a screen, however, the impression and 
moods of users couldn’t be detected.

There are also limitations regarding the 
prototype. First, the prototype didn’t have 
a learning capability. The travel type and 
modes used in the prototype were given as 
an example to participants. Secondly, indi-
viduals’ personal disposition wasn’t con-
sidered in participant recruitment or in the 
prototype. Thus, the experience prototype 
can’t be evaluated with quantitative data 
such as scores. Lastly, the prototype lacks 
flexibility and configurability. Participants 
were only able to access limited functions. 
Due to these reasons, the competence of 
a travel buddy couldn’t be measured and 
affected the result of the evaluation. Also, 
the prolonged user experience couldn’t be 
evaluated due to the length of research 
sessions.  

7.5 Limitation



This chapter presents a manifesto for a travel buddy that is developed 
based on the findings I gained throughout generative research. A travel 
buddy is a cooperative being that actively learns from users, clarifies the 
needs of users by defining their travel type, and adapts itself to help users 
meet their goals. This guideline aims to share principles to facilitate a col-
laborative relationship between a travel buddy and users to decision-mak-
ers, including developers and designers who are starting their journey to 
find a better way to assist multimodal travelers.

Chapter 08

Manifesto for a 

travel buddy
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Aim to establish a relationship that is valua-
ble for both sides. 

Defining a travel type can act as a tool for self-explo-
ration and self-reflection. Addressing the factors that us-
ers take into account when planning a journey can clarify 
what users want but it can also be a goal addressed to 
users to follow. The travel buddy will change itself accord-
ing to the user’s need but it is likely to change the user as 
well ultimately. 

Be aware of users’ different personal dispo-
sitions when determining the attitude to ap-
proach users.

Some might expect the travel buddy to make decisions 
on their behalf, while others like to make decisions on their 
own by comparing options. Some decisions are triggered 
by emotions while others are based on efficiency and 
practicality. Different propensities toward decision-mak-
ing and dependency on technology should be taken into 
account. 

The different motives and contexts of each 
trip should be considered when giving travel 
guidance. 

The motive of a trip, the familiarity with the destination, 
and the goal of a trip influence the type of assistance from 
a travel buddy. For a frequently recurring journey, such as 
a commute, checking public transportation schedules eas-
ily and quickly could be the prime goal, while being guided 
through a scenic route could be required from a user for 
recreational purposes.

1

2

3
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Show the value of collaborating with a travel 
buddy. 

After all, traveling with a buddy is a collaborative ac-
tion. It needs user participation in order to read people’s 
underlying needs. People would only spend their time if it’s 
worth their time. Give direct and immediate responses to 
make users feel that the travel buddy is adapting to their 
input. Show what will be different as a result of their con-
tribution by providing examples.

Use positive experiences that multimodal 
travelers appreciate

The most positive experience that travelers associate 
with multimodal journeys is exploring and discovering new 
places. Place and trip recommendations will be a prom-
inent feature that users will expect from a travel buddy. 
Solving pain points is important, but look at the opportuni-
ty and enhance positive experiences with the travel buddy.

Use positive experiences that multimodal 
travelers appreciate

The most positive experience that travelers associate 
with multimodal journeys is exploring and discovering new 
places. Place and trip recommendations will be a prom-
inent feature that users will expect from a travel buddy. 
Solving pain points is important, but look at the opportuni-
ty and enhance positive experiences with the travel buddy.

4

5

6
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Let users be in control of their journeys

Involve users in the process so that they can feel that 
they are in control of the relationship with their travel bud-
dy. Leave space for users to make their own decisions by 
providing travel-related information and giving access to 
parameters to support decision-making. Uncertainty is 
also what makes users insecure. Support users to react to 
changes and estimate time precisely. 

Would you commit to someone who is not 
honest?

Being transparent is two-fold. First, be transparent and 
ethical with data collection. Provide comprehensible in-
formation on what it does with what and why it does so us-
ing examples.  Allow users to understand the mechanism 
behind the output. Give users access to parameters that 
the travel buddy uses for route optimization so that people 
understand the reasoning behind the decision-making of a 
travel buddy.

Use cognitive cues to linger longer in users’ 
heads

People communicate with facial expressions and hand 
gestures. Objects and scents trigger memories. Visual 
cues can be used to process excess travel information ef-
ficiently and recall their previous trips. For example, icons 
and pictograms are effective tools for enhancing cognition 
when processing information and inviting users to partici-
pate more actively.

7

8

9



In this final chapter, the result of this graduation project will be addressed 
by answering the initial research questions. I will start by describing the 
characteristics of multimodal travelers, their needs, and the determinants 
that influence a decision. Then, the role of a travel buddy will be defined 
and some considerations on how to deploy this buddy to assist multimodal 
travelers. Project contribution in terms of the project context and approach 
will be discussed followed by directions for future research.

Chapter overview

9.1 Addressing the research questions
9.2 Project contribution
9.3 Direction for future research

Chapter 09

General Discussion
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9.1 Addressing the 
Research Question

The aim of this project was to enhance 
interaction between a traveler and a trav-
el buddy to enrich multimodal trips. Travel 
buddy is an ai-enabled assistant that will 
help out users to manage their travel and 
provides a seamless experience in the near 
future. To answer the main research ques-
tion, I started by looking into the current 
experience of travelers to capture funda-
mental understandings to move forward 
to envisioning a future interaction with a 
travel buddy.  In the following section, 4 
research questions raised in the beginning 
are addressed.

1) The fundamental needs and re-
quirements of multimodal travelers.

Multimodal travelers have a compar-
atively favorable attitude towards public 
transportation and bikes. They also con-
sider the environmental impact of their 
actions. However, there are also a group 
of people who opt for multimodal journeys 
because there is no other option to choose. 
People choose a route by comparing op-
tions. One key determinant that influences 
a choice is instrumental determinant that 
includes time efficiency, flexibility in terms 
of time and place of departure, cost and et 
cetera. Situational factors such as hours 
(whether it is day or night), weather, and 

mood also matter to multimodal travelers. 
A country’s mobility infrastructure should 
be considered as well. In the Netherlands, 
for example, cycling accounts for a large 
proportion for the first and last mile. There-
fore, assisting journeys that involve active 
modes is required. Travelers require differ-
ent types of assistance depending on the 
characteristics of a journey whether they 
have to be on time, have a concrete des-
tination or not, a route or a destination is 
familiar or not, and motives of a trip. 

According to multimodal travelers, the 
biggest obstacle to overcome for a journey 
assisting app to become a travel buddy is 
that route recommendations often don’t 
correspond to their actual travel pattern in 
terms of transport modes. Moreover, situa-
tional and contextual needs are often ne-
glected in route optimization. 

2) The role of a travel buddy in the 
future.

Based on a conducted user research ex-
plained in chapter 3, people envision a trav-
el buddy in the future to be aware of their 
preference and latent needs. They want 
a travel buddy to know everything about 
themselves and adapt the service accord-
ingly.  As the focus is shifting towards the 
well-being of individuals, they want a travel 
buddy to foster a positive experience with a 
multimodal journey. One major aspect that 
they appreciate from multimodal journeys 
is that it allows them to explore the known/
unknown neighborhood and travel through 
scenic routes. Therefore, travelers want a 
travel buddy to act as a mediator that con-
nects people with their surroundings.
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3) The interaction with a travel buddy 
in the future

 
Users of existing journey planning apps 

are expecting that a barrier that hinders 
natural and efficient interaction to be re-
duced with advanced technology. They ac-
knowledge that the fundamental operation 
of a human brain and AI system is differ-
ent. Human beings value efficiency and 
productivity, however, their decisions are 
also influenced by their moods in contrast 
to machine decisions. To overcome this 
difference, people require human involve-
ment, whether themselves or other people 
in the process of optimizing and recom-
mending routes. Meanwhile, they envision 
that a travel buddy will be more capable 
of dealing with the affective and cognitive 
needs of users which means that a travel 
buddy will be able to change its personality 
based on a user’s personal disposition.

As AI assistants and automation sys-
tems are processing information and man-
aging more and more tasks on behalf of 
humans, researchers in the relevant aca-
demic fields  (human-computer interac-
tion, mainly) are suggesting that we have 
to aim for establishing a collaborative rela-
tionship that benefits both. Operation sys-
tems of intelligent agents have to be more 
transparent and their computational de-
cisions should be explained so that users 
can restore their authority with their own 
decisions. 

4) The performance of a travel buddy 
in the future

 
At the beginning of this project, the fo-

cus was on defining empathic and affective 
features for assisting multimodal travelers. 
However, while working on the project, it al-
lowed me to start from scratch and rethink 
what a travel buddy should do for travel-
ers. Therefore, the focus shifted towards 
the capability of learning users, and a pro-
totype of a travel buddy that learns and 
defines travel behavior was developed. The 
main feature of this prototype is to analyze, 
present and allow users to access needs 
concerning the characteristics of a journey. 
It was appreciated that it gives users an op-
portunity to apply their own set of values to 
route optimization that has been done only 
in their heads. It has an implication that it 
will act as a tool to observe and reflect on 
their own travel behavior which will result 
in changing users as well as a travel bud-
dy. The project concludes with a manifesto 
for a travel buddy to communicate findings 
gained throughout the research. 
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9.2 Project contri-
butions

Assisting multimodal travelers with 
an intelligent thing

Everyone crafts their journey in their 
own ways. Individuals’ personal dispo-
sition, way of planning and preparing for 
a schedule, the level of tech-savviness, 
preference to certain transport modes, 
physical and mental condition, mobility 
infrastructure and resources available in 
an area, and everything influence deci-
sion-making. In this research, I looked into 
the behaviour and decisions of travelers 
then moved forward to the product to find 
opportunities for product development. 
A user interface is a representation that 
contains decision-makers’ strategies and 
reasoning to meet the goal and mediates 
the interaction between the product sys-
tem and users. Comparing and analyzing 
two different approaches allowed me to 
realize the role of an interaction designer 
to mediate between technological matters, 
strategic decisions, and users’ needs. Un-
derstanding this combination of different 
needs is a complex challenge especially 
when those change in different situations. 
It is difficult because it is often difficult to 
define latent needs in words and quantify 
them. However, from this research, it ap-
pears that involving users in the process 
has possibilities to fill this gap between 
what users want and what is provided 

to users. Transparency has always been 
considered important to enhance trust for 
users. However, at the product level, it is 
often neglected for the sake of usability. 
Usability is a key determinant for users 
to adopt a product, however, explaining a 
product’s intention and computational rea-
soning behind the screen should be taken 
seriously to encourage users to be actively 
engaged with an intelligent agent. To build 
a collaborative relationship between a user 
and a travel buddy, we should give users an 
opportunity to understand a travel buddy 
better.

Research through design
This project involved diverse genera-

tive research activities driven by design. 
Design techniques such as mind mapping, 
experience prototype, and design interven-
tion were used throughout the research to 
quest the fundamental understanding of 
multimodal travelers’ behavior and accom-
panied decision making. The approach I 
took to answer the initial research question 
was to Research through Design. I aimed to 
gain and communicate findings rather than 
presenting the end product that is likely to 
be adopted by stakeholders in the industry. 
The prototype was developed with the goal 
to immerse users in a story that depicts 
interaction with a travel buddy. To demon-
strate the possibility of collaborative inter-
action with a travel buddy to people who 
are involved in the mobility industry, I con-
cluded the research with a set of consider-
ations for use of a travel buddy as an addi-
tional transparent layer to spread upon a 
product vision and blueprint. 
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9.3 Direction for 
Future Research

This research aimed to rethink the re-
lationship with a travel buddy that has an 
impact on multimodal travelers’ behavior. 
Three directions for future research for 
whom interested in adopting a travel buddy 
are as follows:

1) Explore and define relevant factors 
and parameters that can describe 
and present the needs of multimodal 
travelers. 

There are already some parameters 
such as “walking distance” that are quan-
tified and presented to users to adjust. On 
the one hand, this can be used to define 
the travel behavior of users and on the oth-
er hand, it can allow users to customize a 
route according to their needs. 

2) Explore and design user interface 
components that better deliver infor-
mation and invite users to contribute. 

A UI design system is a set of standards 
for design and backend system (code) along 
with components that unify these practic-
es that are already being used as a lan-
guage that triggers certain user behavior 
on a screen.  As a type of information that 
a travel buddy tried to deliver and a way of 
interaction evolves into dialogue, there is a 

need to define a new design language to fa-
cilitate seamless communication. 

3) Explore the impact of defining a 
travel type to change behavior.

The reason why the new generation (z) is 
so obsessed with defining themselves with 
a personality type is to understand them-
selves better as well as let other people 
understand them better. It acts as a tool to 
reflect or to fit oneself round a defined per-
sonality. It should be handled with caution.
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Appendix 2

A Speculative Story

Persona and background story
Thomas is 34. He is living in Amsterdam 

with his girlfriend Alicia at her place. He 
works flexibly switching between his home 
and at the office. He spends most of his 
time having a meeting with clients or col-
leagues working behind his laptop. He has 
been using a smart assistant for 8 years to 
manage his schedule and control electric 
appliances. Now that he is sharing space, 
Alicia is also added to this service. 

# The start of a day
It’s 7:30 am in the morning. An alarm 

goes off. Thomas wakes up and says “I’m 
awake, Sara” to dismiss the alarm. “Good 
morning, Thomas and Alicia. Today is Fri-
day, 13th of May, 2050. It’s 15 degrees 
outside with a partly sunny sky. It will 
be windy in the afternoon and there is a 
chance of some rain. Before you start your 
busy day, how about a cup of coffee and 
nice morning music?” The kettle is on and 
music starts off. Thomas and Alicia crawl 
out of his bed and make coffee. After hav-
ing a shower, Thomas sits at his desk and 
calls out. “Check my schedule, Sara.” The 
screen shows his schedule. “Ok. Let’s see. 
You have one meeting with James at 11:50 
am online and the 2nd meeting with your 
client team at 1 pm at their Utrecht office. 
You have 3 new emails. Want me to read 
those for you?” He says “No thanks. I’ll 
do some work here before I leave for the 
1 pm meeting. Enable notification business 
email only until 11 am. ” He reads his email 

on his laptop and sends some files on re-
quest. 

# Journey planning
“Thomas, it’s 11 am. I think you should 

get going soon.” “Oh yeah, I lost track of 
time. Plan my trip to the Utrecht office.”  
Without hesitation, Sara lists the options 
Thomas would prefer. “Your neighbor Smit 
is looking for 2 more people for rideshar-
ing to Utrecht at 12 pm. Then it will take 28 
minutes by car and you can book an e-bike 
to get to the office.”  “Hmm. Could you send 
me options on my phone?” “Sure.” The 
screen on his phone shows various options 
he can choose with combinations of differ-
ent modes. 

Option 1: Ridesharing with Smit 28min + e-bike 5min. 
33min. 5 euro. Co2 0.4kg.

Option 2: Cycle + train + bus. 52min. 13 euro. Co2 0.3kg.
Option 3: Walk + metro + train 28min + e-bike 5min . 

40min. 9 euro. Co2 n/a
Option3: Car. 38min. 18 euro. 1.2kg.
And so on…

“Sara, I’ll ride share. Then I can leave 
after the meeting with James.” “Alright. 
Perfect. I’ll book an e-bike at the nearest 
transit hub. How about the return trip? 
Congestion charges will be applied on the 
way back home so I would suggest taking 
a train.” “Okay. I can cycle back with my 
e-bike back to the station. Could you book 
a bike from the Amsterdam station?” “Al-
right. Payment has been completed.”
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#Before leaving
Right after the meeting with James, Sara 

informs him that he should be ready soon. 
“Thomas, Smit is on his way. You should 
leave in 3 minutes.” While Thomas is in a 
hurry, Alicia stops him. “Thomas, can you 
pick up groceries when you come back?” 
“Sure honey. Just put what you need in our 
shopping list and let me know.” He plugs 
his earbuds in and walks out the door.

# On the way to the station
He walks to the spot where he will meet 

Smit looking at his phone. He sees Smit’s 
car and waves his hand. When he gets in 
the car, Smit’s personal assistant Ray wel-
comes him. “Hey, what’s up Thomas?” 
Thomas also sees three other people in-
cluding Smit in the car and talks with them. 
He turns his earbuds into transparency 
mode. 

On the other hand, Alicia is filling a gro-
cery list looking inside a refrigerator. “Sara, 
we’re out of milk. Could you add that in the 
list?” “It’s already in! You guys always fin-
ish milk in a week.  What is your plan for 
dinner?” Sara asks. “I haven’t decided 
yet. But I have beef, tomatoes, butter and 
stuff.” “What about trying this? I’ll send it 
to your phone.” Alicia checks the recipe on 
her phone. “Looks nice.” “Cool. Then I’ll put 
things you need in the list and complete the 
shopping.”

Back in the car, Thomas receives a no-
tification from Sara. “Alicia sent a grocery 
list.” Thomas skims what’s in there and a 
bottle of wine and some snacks and pro-
ceeds to pay. 

# On the way to the office

Thomas goes to the pick-up station and 
stands in front of a Kiosk machine. There 
a lot of different vehicles are waiting for 
someone to ride on. There are several 
pick-up points throughout the cities. As 
he checks in with his phone, the system 
asks if it can access his earbuds and pro-
vides navigational assistance. He confirms. 
“Welcome, Thomas. My name is NexS.” A 
different voice coming from his earbuds. 
He sees a light blinking on one bike and 
he unlocks a bike with his smartwatch. He 
takes his smart glasses and rides on a bike. 
“How are you feeling today?” “Umm. Good. 
Thanks.” ‘I haven’t gotten used to a robot 
asking about my feelings. It’s still weird.’ 
“Is your first time cycling in this area, isn’t 
it?” “I’ve been here a couple of times be-
fore but I’m not familiar with this neighbor-
hood yet.” “Alright. You have to cross here 
to cycle on a bike lane.” His smart glasses 
show the way. A few minutes later, he asks. 
“Hey NexS, should I keep going straight or 
turn right soon?” “You can turn right. It’s 1 
minute faster.” However, after turning right 
and cycling for a few minutes, he sees con-
struction going on. ‘Jesus. I should have 
just listened to my gut feeling.’ Then the 
alarm beeps. “Thomas, you’re not going in 
the right direction. What is the problem?” 
“There is a construction going on.” “Ok. 
I’ll update the information. Thank you.” 
Another voice intervenes. “Thomas, your 
meeting will start in 10 minutes. You are 5 
minutes away from the location.” He feels 
a bit exhausted by non-stop conversation 
and changes the assistance mode to infor-
mation-only mode.
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# After the meeting
The meeting was successful. He got a 

new contract and scheduled a meeting with 
a Belgium branch in two weeks. He notices 
that his phone is almost dead. “Umm. Can 
I charge my phone here before I leave?” 
“Sure.” While he was waiting, he got a noti-
fication on his smartwatch that the train he 
registered to take will be crowded. ‘I guess 
everyone is going to take a train to avoid 
congestion charges.’ And then a message 
comes from Alicia. [Hey, I saw that your 
meeting is over from the calendar app. How 
did it go?] They share a couple of messag-
es. 

He plugs his earbuds and seats on a bike. 
“Changing to transparent mode while you 
are cycling.” “Are you ready to go? I have 
a podcast recommendation,” says NexS. 
Thomas turns off navigation mode and lis-
tens to music. He returns his bike at the 
Utrecht station and holds his smartphone 
against the reader to enter the gate. A no-
tification pops up: Welcome, you checked 
in at Utrecht station. Go to platform 8.” The 
train was busy as he expected. 

# Back in Amsterdam
As he checks out, a notification mes-

sage pops up. Today, you traveled 90km 
with sustainable transports. You earned 90 
credits. Allow us to access your contacts to 
check how many credits your friends have 
earned today. He dismisses the message. 
He goes to the pick-up station and uses his 
smartwatch to unlock a bike he reserved. 
“beep”. ‘I like that this bike is not that talk-
ative.’ He goes to the nearest Albert Heijn 
from his house. At the entrance, he scans 
his phone to collect the groceries he pur-

chased. Next to the pick-up point, he sees a 
shelf for pre-ordered collectors. The prod-
ucts change every day and today he sees 
some sweets. ‘I need some sugar.’ He im-
pulsively picks up a box of chocolate and 
pays. After collecting groceries, he returns 
the bike at a nearby metro station at his 
house. “be-beep.”

# Saturday Morning
Another day has dawned. The alarm 

rings. He snoozes the alarm several times. 
At the fifth time, they decide to wake up. 
“Good morning, Thomas and Alicia. The 
weather is perfect today. What are you 
planning for today?” “Honey, do you want 
to go somewhere?” Thomas asks Alicia. 
“Of course. I don’t want to miss the perfect 
weather.” “Hey Sara, could you recommend 
some places to go today?” “Sure. It’s the 
opening day of the Sanne Sannes exhibition 
in Amsterdam. You visited another exhibi-
tion of him 3 months ago.” “What do you 
think, Alicia?” “Actually I want to go some-
where outside of Amsterdam.” “That’s a 
good idea. Sara, recommend us someplace 
to go outside Amsterdam”. ‘’Based on your 
current search history, I would suggest 
visiting Friesland. You can book a private 
guide to know more about the region.” “Al-
right. That sounds perfect.”
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Appendix 3

Mind Map Session Facilitation Material

A list of questions that will help you brainstorm:

Problem

Using the apps to having info in real time

Checking balance

Choosing time and deciding for way of transport

Choosing a final destination

Timming

Cancelations

reviewing possible places to go

Check weather

Platforms and places

Places of interest

the world's first compilation 
of railway timetables Internal systems to manage data for printed timetables

The lauch of the 
Apple iPhone

Printed matters

1839 1970 1980 1990

Some developed their own 
specialized trip planners to 

support their customer 
enquiry service.

The first digital public transport trip 
planner systems for a microcomputer was 
developed and released by Dutch Railways

PC and computer Mobile Application

2000

1970s - 1980s

late 1980s - early 1990s

9292.nl new website 
launched

2001 2005

The world's first large- scale 
multimodal trip was 

developed

Google started to add trip 
planning capabilities to 

Google Transit

2007

The Google transit trip planning 
capabilities were integrated into 

the google map product

2012

An open source trip planner, 
Open Trip Planner was released

2016 2016

9292 partnered with Warner 
music

2018

Welcome to my 
Mind - mapping Session!

Envisioning the relationship with an intelligent travel buddy 
for the multimodal travel experience

08:30 - 09:40 (70min)

Introduction
History of the journey planner
Mind mapping exercise 1
Future Mobility and users
Mind mapping exercise 2
Discussion
Wrap- up

Enhancing affective interaction with 
a multimodal travel buddy

Leaning towards integrating 
entertainment, culture in their service to 

enrich the journey

Deploying data to provide personalized 
experience

Incorporate real- time information to 
provide optimal routes for travel in the 

immediate future

Enhancing seamless door- to- 
door experience

NS lab app launched

Recent trends in developing a journey 
planning app (for public transit)

How do you interact with your journey planning app?

What has changed compared to the past?
In which situation do you use it?

How does it help you?
What service do you use?

How much do you rely on it?
What do you like/dislike about it?

What kind of equipment do you use to use 
the service?

Expanding the range of option of a mode 
of transport such as bikes, shared 

scooters and cars 

Jot down anything that pops in your head
There is no right or wrong

P1

SPDer / 
nature- 

sports lover

InnovativenessMy last non- smart phone

I'm an early 
adopter for 
everything

I'm conservative 
in adopting the 
new ideas

Tech savviness

I am willing and 
able to easily 
navigate new 
technologies 

I need time to 
adopt new 
technologies and 
they aren't 
necessary

Colombian 
flavor

P2

Design for 
interaction, 

Haptics 
Design

InnovativenessMy last non- smart phone

I'm an early 
adopter for 
everything

I'm conservative 
in adopting the 
new ideas

Tech savviness

I am willing and 
able to easily 
navigate new 
technologies 

I need time to 
adopt new 
technologies and 
they aren't 
necessary

From 
Donosti, 
in Spain

P3

Strategic 
Product 
Design 
student

InnovativenessMy last non- smart phone

I'm an early 
adopter for 
everything

I'm conservative 
in adopting the 
new ideas

Tech savviness

I am willing and 
able to easily 
navigate new 
technologies 

I need time to 
adopt new 
technologies and 
they aren't 
necessary

Seoul, 
Korea

P4

Internatonal 
Relations 

MA Student, 
Leiden

InnovativenessMy last non- smart phone

I'm an early 
adopter for 
everything

I'm conservative 
in adopting the 
new ideas

Tech savviness

I am willing and 
able to easily 
navigate new 
technologies 

I need time to 
adopt new 
technologies and 
they aren't 
necessary

New 
York, 
USA

Agenda

P1

Problem

Travel by plane

Not really ever check for traffic

Use Spotify for entertainment

What my journey going to be?

Check the possibilities to arrive in NS

I need to take public transport

I can cycle there

I usually check the weather before heading out

P2

Problem

Benefits

Type something

Compare to the past

Every single time I go out

Saves time

Find new places on the way

Even the ways I know to check the traffic

Updates?

Easier to plan things

Dislike

Problem

Predicting my mode of 
transport is still not perfect

Google Maps

An essential tool in life

Rushed

Bike>train, but Google suggest Bus>train

Car is easier

Stressed - missed train

Satisfaction - just caught the train thanks to the app

Type something

What alternatives are there?

P3 P4

Place this robot on your sheet when you're 
done mind- mapping

Thesis topic:

Session topic:

Made me lazy & less punctual

NS

Rain Wind

Google Maps

Google Maps

I know the way by heart

Prefer 
using 
laptopphone 

when I 
am out

weather

Google Maps has everything regardless 
of location, but is it the best for specific 
situations?

If by bike Check possible routes

Use google flights or sky scanner for booking

plan komoot
export to garmin publish in strava

Type something

Applies also for walking/hiking

Walking/cycling speed all differs

I use my phone almost every time

explore in real time

tourising

Use the one 
that is most 
popular in 

the country

commuting

citymapper in LDN

Google maps suggesting weird paths lol

1  Session Briefing

2  Icebreaking activity

3 History of journey 
planner

4  Mind Map: 
Current Interaction



107Mind Map facilitation

If there is an image of analogy 
of your own, please feel free to 

use it

Your kid, niece and nephew

Smart

Sustainable

Autonomous

How will we move from place 
to place on a daily basis?

Future mobility will be:

Problem

it's going to know me and understand me

Suggesting adventures, not just routes

continuously evolving

It's almost part of me

What is my preferred rout

What kind of transportation I prefer

Completely depended

not just part of my cellphone

How so hardcore I am

act like a tourist guide

What the relationship 
with an intelligent travel companion will be like?

Problem

More like a life assistant

Maybe a spot that follows you around

Audio based

Focus on well- being

What is my schedule?

Manage my appointments

Type something

Type something
Type something

Problem

Type something

Type something

Type something

Type something

Type something

Type something

Type something

Type something

Type something

Type something

Problem

Ai improvement

Activities - such as Airbnb now suggests

A young generation has lost connection to public transport/being outside

Interface streamlined

Predictions improving

Finally predict what I want?

Direct communication with brain?

Medium of screen disappears

Explanations of pros/cons of each route.

Type something

Place the image

Digital clone

Smart intrisic partner

Jarvis

Smart Witty Charming

Personal assistant or a robot companion

adj 1 adj 2 adj 3

Example Analogies

What is missing in your current journey?
How would next- generation perceive technologies?

In which situation will you use it?
What role will it have?

What new mode of transport will appear?
What new technology will emerge?

How the way we communicate with AI will evolve?
What kind of equipment will be required?

What potential challenges do 
you see?

A list of questions that will help you brainstorm:

Jot down anything that pops in your head
There is no right or wrong

Anything is possible
Use your creativity!

Place this robot on your sheet when you're 
done mind- mapping

What opportunities 
do you see?

Knows 
everything 
about you

Next 
generation

Plan accordingly

More 
personality

More 
humane

Plan tripsConversational

Smart

With its own personality

Through a 
different 

medium/gadget

No need 
to check 

on the way

Suggests 
you places 
on the way

my mood depending on where I'm going

Other 
tracking 
device

I don't think public 
transportation 

infrastructure itself 
will change very 

much in the next 10 
years.

Will still have a screen 
somewhere

For people who 
drive, bc of 

autonomous/elect
ric cars, the 

change will be 
bigger.

new routes to know new places

Schedule everything

new landscapes

Transportation Type something

Saving memories for me

Talks to 
you in 

your mind

Plan and suggest, involve input and not just output

Smart 
PM

everything I need with out worries personalization

no need 
to enter 

data

Omnipresent Interface

Personal 
Assistant

Beyond cafes and food - 
nearby friends?

Public 
transportation is 

facing a crisis that it 
will have to recover 
from over the next 

ten years.

No problem 
with privacy 

issues

Travel assistant 
will have to 

adapt to this 
crisis (reduced 

service, etc).

Utopian or 
Distopian?

Checking the 
screen time 
makes him 

feel ... 
devastating

Name) 
Alexa, 
Alex.

What Microsoft envisioned several years ago

adj 1 adj 2 adj 3

P1 P2

P3 P4

5 Future context

6  Mind Map:
Future Interaction

7 Discussion
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Appendix 4

Result: Initial Concept Evaluation
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Participant Preference Why did you choose that concept? Which part did you like it and what extra value do you see from that concept?Autonomy Congruence Convenience

1 2 I think it seems fun, and the other ones are a little more difficult to grasp. 
The parameters and detail could be confusing. 3 1 2

2 1
Because I can't really think of the trip that I had to micromanage my trip. For 
me sometimes it's better to get lost to have a variety of experiences - so just 
handful of the 'accurate' and 'core' information would be enough.

3 1 1

3 2
seems like the easiest and has everything I would need, last mile first mile 
and other details are not really crucial. I like that with one word I can see 
what I look for: fastest, easiest, greenest etc. so I can just choose and go :D

3 2 2

4 2 it looks easiest to use. tbh, i don't like make a very complex plan for trips. 2 3 2

5 2 Since I prefer to choose the destination I've never been before, concept 2 
will be very helpful for me to comprehensive the outline of the destination 2 2 2

6 2

I want to have various options for my journey, but too much configuration for 
one journey seems like too much hassle, and think that should be figured 
out from the app's side as that's the reason why I use the travel app. I like 
the option 2 since it already suggests pre-calculated routes and let me pick 
among them, then make me adjust the options afterwards. 

3 2 2

7 2  I thought it could be tiring to adjust the detailed figures during the journey, 
whereas I expected the label one provided intuitive sense of what it is. 3 2 2

8 2
I like the idea that not all travel has the same goal and character. I liked by 
the way the distinction between parts of the routes of concept 3 but it is a bit 
too complex maybe.

3 1 2

9 3 Although I know the recommendation is great, I would like to have more 
control. 3 3 2

10 1 When I'm trying to find a route, I am usually on a hurry. I just want my jobs to 
be done, I won't have time to adjust small details for my route. 3 1 1

11 3

To be honest it was difficult to understand the difference between 1 and 3. I 
think in number 1 I can only control the full trip and not the different parts. 
On the basis of that, I chose number 3. However, I do have to say that it 
depends for me on what kind of trip I'm making. For a trip across Europe I 
like to be able to customize on micro-level. If I travel across the Netherlands, 
then I'm fine with less control. Number 2 I do not like, because for me it's 
never only about one thing, e.g. only price. I want a combi of reasonable 
price, convenient timings and green.

3 3 2

12 2 these labels kind of correspond with how I choose / plan in real life (without 
an app) 3 2 1
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Appendix 5

Result: Final Evaluation with an Experi-
ence Prototype
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