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Abstract  
The way an autonomous delivery vehicle behaves during an encounter with a pedestrian evokes an 

experience comprised of many short-term emotions, influences which behaviour that person will use 

in reaction to the robot. In many cases, for both the negative and positive experiences, behaviour 

emerges that results in time-consuming encounters. This time could be used for deliveries but in 

order to have a neutral interaction a behavioural change is required.  

tǊƛƻǊ ǿƻǊƪ ōȅ 5ŜǎƳŜǘ Ƙŀǎ ƳŀǇǇŜŘ ǘƘŜǎŜ ΨƳƛŎǊƻ-ŜƳƻǘƛƻƴǎΩ ŀƴŘ ŘŜscribed how they can be used to 

drive product design and shape product experience. As the sensing capacities and intelligence of our 

artefacts are increasing new opportunities arise. Could these micro-emotions also be used to shape 

the experience while a product is in use?  

We conducted a case study on an encounter between pedestrians and a small delivery robot. A 

ŎƭǳǎǘŜǊƛƴƎΣ ōŀǎŜŘ ƻƴ ǇŜƻǇƭŜΩǎ ƛƴƛǘƛŀƭ ƳƛŎǊƻ-emotions and experience, seemed to effectively capture 

how they would subsequently respond to the robot. We were able to design robot behaviour from 

these Ψemotion-clustersΩ that helps ǘƻ ǎƘŀǇŜ ǇŜƻǇƭŜΩǎ ǊŜǎǇƻƴǎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ŀŎŎƻǊŘƛƴƎ to achieve a 

time-efficient/neutral encounter. This concept opens up the exciting new design space of products 

that actively respond to micro-emotions. 
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1.  Introduction  
 

Our emotions play a key role in how we experience and react to the world around 

us. They can tempt us to throw a mobile device if interacting with it makes us 

sufficiently frustrated, or they might cause us to eagerly engage when we run into 

a robot on the street that makes us feel curious. 

Last-mile delivery robots are more and more used throughout the world [ref], 

where these autonomous vehicles deliver orders to customers. For companies, 

this method of delivering brings low costs and at the same time it increases the 

time-efficiency of deliveries themselves. Because of these benefits for both 

companies and customers, we foresee a big increase in the number of robots that 

will join the sidewalks in the near future. 
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At this moment, delivery robots are designed first and foremost to interact with the main 

stakeholders: company employees, their customers and the people who intend to damage or steal 

from the robot. The robots are less designed for the secondary stakeholders: the pedestrians on the 

streets who encounter these robots without illegal or harmful intentions. Although most pedestrians 

behave similar to a robot as to other pedestrians, we noticed many recordings on open platforms, like 

YouTube, where pedestrians get curious or being playful and approach these delivery robots to 

interact with them (see Figure 1). 

   

Figure 1: A pedestrian tries to steal from a delivery robots and teases it in the process 
(https://www.youtube.com/watch?v=UPZwnc_Lk2M) .  

Pedestrians in these kinds of situations get triggered ōȅ ǘƘŜ ǊƻōƻǘΩǎ ōŜƘŀǾƛƻǳǊ, which in turn 

motivates them to start an interaction. These interactions are time consuming and therefore increase 

the robotΩǎ ŘŜƭƛǾŜǊȅ ǘƛƳŜΦ Since the motivation of the pedestrian emerges from ǘƘŜ ǊƻōƻǘΩǎ ōŜƘŀǾƛƻǳǊ, 

it is the robot that makes it worse by repeating the same behaviour. The only solution robots have at 

the moment is to wait until the pedestrian loses interest and end the interaction. If the robots could 

detect and adapt to the pedestrian behaviour, they could influence the situation and therefore end it 

sooner, which would increase its own time-efficiency.  

Table 1 shows the categories we created to order the different kinds of undesired pedestrian 

interactions which reduce the time-efficiency of the robot. These categories show that undesired 

ǇŜŘŜǎǘǊƛŀƴ ōŜƘŀǾƛƻǳǊ ƛǎƴΩǘ ŀƭǿŀȅǎ ǘǊƛƎƎŜǊed by negative or illegal motivations. Because these 

interactions emerges from human behaviour, which is complex, there are many situations imaginable 

where a robot will end up in such a time consuming interaction. Because of this broad range of 

possible undesired pedestrian behaviours is the task of developing adaptive robot behaviour very 

complex. Every situation requires a specific, different robot behaviour in order to shape the 

pedestrian behaviour into a desired interaction.  
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 1. Teasing pedestrians 2. Playful pedestrians 3. Unable pedestrians 4. Unaware pedestrians  

 

    

 

 Pedestrian engages a robot to 
see their reaction by actions like 
standing close to the robot or by 
running along with it. These 
actions emerge from this 
motivation and cause an obstacle 
for the robot. results in actions 
like blocking the road or running 
along. 

Because the pedestrian 
experiences some form of 
curiosity, it will behave this way 
until this feeling fades. 

https://www.youtube.com/watch
?v=ujzjZuhE92g 

An explorative child wants to play 
with the robot. The child in this 
situation gets more excited by 
every reaction from the robot 
because it seems like an 
invitation to play with it.  

The unpredictability of playful 
behaviour makes it difficult to 
predict if there will be a collision 
and, therefore, is the robot 
unable to just continue driving. 

https://www.youtube.com/watch
?v=V1oG66fX2_4 

People with limited capabilities to 
see or hear their environment 
have to communicate in different 
ways.  

For example, a blind person has 
to rely on hearing the robot in 
order to avoid a collision.  

From the perspective of the 
robot, this could seem like a 
human that behaves this way on 
ǇǳǊǇƻǎŜ ǿƘŜƴ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴ ƛǎƴΩǘ 
detected.  

People who are occupied and 
ŘƻƴΩǘ ƴƻǘƛŎŜŘ ǘƘŜ ǊƻōƻǘΣ ǿƛƭƭ 
ōƭƻŎƪ ǘƘŜ ǊƻōƻǘΩǎ ǇŀǘƘ 
accidentally.  

In these situations, a robot makes 
pedestrians aware of its presence 
in such a way that they will be 
prepared to clear his path (which 
could become difficult if they get 
upset by the robot). 

 

Table 1: Pedestrians have different activities and motivations to behave the way they do and although the good intentions of 
Ƴƻǎǘ ƻŦ ǘƘŜƳΣ ǘƘŜȅ ǎǘƛƭƭ ōƭƻŎƪ ǘƘŜ ǊƻōƻǘΩǎ ǇŀǘƘΦ 

²ƘŜƴ ƛǘ ƛǎƴΩǘ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǎƛƎƴ ǎǳƛǘŀōƭŜ Ǌƻōƻǘ ōŜƘŀǾƛƻǳǊ ǘƘŀǘ fits all possible situations, we have to 

enable the robot to detect the specific situation and adapt to it. With current technology itΩs possible 

to process behavioural data in the field (see Chapter 2), which leaves us with the question of how a 

delivery robot can detect specific undesired pedestrian behaviour. We did a research and created a 

concept that enables a robot to do this. In order to develop this concept, we combined our education 

(Design for Interaction) with our knowledge about autonomous vehicles.  

Designers use micro-emotions (short-term emotions mapped over time [10] (see Chapter 2)) to 

measure and shape a product experience [9]. Seeing that robots ends up in situations with complex 

human behaviour, made us think about how to enable delivery robots to create their own product 

experience that lead to the desired pedestrian behaviour. This provided the question in this thesis 

άCould we shape pedestrian behaviour based on detected micro-emotions during an encounter with a 

delivery robotΚέΦ Figure 2 visualizes our envisioned concept.  
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Figure 2: Current (undesired) interactions between delivery robots and pedestrians and the envisioned concept of adapting 
to micro-emotions ǘƻ ǎƘŀǇŜ ŀ ǇŜŘŜǎǘǊƛŀƴΩǎ ŜȄǇŜǊƛŜƴŎŜ ǘƻ ŜǎǘŀōƭƛǎƘ ŀ neutral encounter.  

Our research in this thesis is structured by: an exploration of the context in Chapter 1; the theoretical 

framework in Chapter 2; the developments of our methods included in the performed case study in 

Chapter 3; the insights from that case study are used to redesign adaptive robot behaviour in Chapter 

4, which is evaluated in Chapter 5; and we finish with Chapter 6 where we discuss our findings, draw 

our conclusion and discuss our envisioned future developments.  

In this chapter, we explore the context of a delivery robot on the sidewalk by an extended overview of 

ǘƘŜ ǊƻōƻǘΩǎΣ ƻǳǊ ƻōǎŜǊǾŀǘƛƻƴǎ ǘƻ ǇŜŘŜǎǘǊƛŀƴǎ ǿƘƻ ŜƴŎƻǳƴǘŜǊ ŀǳǘƻƴƻƳƻǳǎ ǊƻōƻǘΩǎ is used to define the 

scope and research questions of this project. 

 

Delivery robots are used by companies to load their products and sent it, over the sidewalks, towards 

their customers (see Table 3) at any moment of the day. This approach, compared to traditional 

delivery methods, reduces delivery costs, improves delivery time and is easily extendable in terms of  

delivery capacity by adding more robots.  

Table 2 shows some examples from companies that already use last-mile delivery robots to transport 

orders to their customers. For every company it shows the robot name, the company, the type of 

transport and what the primary motivation of the company to use this robot.  
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 1. Starship 2. Kiwi 3. TeleRetail 4. Amazon Scout 5. Roxo  

 

     

 

 Company: Starship 
Technologies 

Transport: food 

Motivation: ΨLƴǎǘŀƴǘ 
ŘŜƭƛǾŜǊȅΩΣ ΨƭƻǿŜǊ ŎƻǎǘǎΩ 

https://www.starship.xyz/ 

Company: KiwiBot 

Transport: food 

Motivation: Ψ[ƻǿŜǊ 
ŘŜƭƛǾŜǊȅ ŎƻǎǘǎΩΣ ΨǳƴŘŜǊ ŀƴ 

ƘƻǳǊ ŘŜƭƛǾŜǊȅΩ  
https://www.kiwibot.com/ 

Company: TeleRetail 

Transport: packages 

Motivation: Ψ{ŀǾƛƴƎ 
valuŀōƭŜ ǘƛƳŜΩΣ ΨǊŜŘǳŎƛƴƎ 
ǘǊŀƴǎǇƻǊǘ ŎƻǎǘǎΩ  

https://teleretail.com/ 

Company: Amazon 

Transport: packages 

Motivation: Ψ! ƴŜǿ 
delivery method that has 
ǘƘŜ ǎŀƳŜ ǉǳŀƭƛǘƛŜǎΩ 

https://blog.aboutamazon
.com/transportation/what
s-next-for-amazon-scout 

Company: FedEx 

Transport: packages 

Motivation: ΨaŀƪŜ 
deliveries flexible and 
ŎƻƴǾŜƴƛŜƴǘΩ  

https://www.fedex.com/e
n-us/innovation/roxo-
delivery-robot.html 

 

Table 2: Various delivery robots that drive autonomously through cities at the moment.  

Based on this analysis to companies who use delivery robots, we can assume that the main benefits of 

this delivery method for companies and customers are the reduction of delivery costs, time and 

flexibility. These benefits are only achieved when their customers accept this delivery method as well. 

Customers who receive their order by a delivery robot have to trust that they protect their order 

during the travel and trust that they cause no physical harm. This can be seen in the current robot 

designs, which are focussed on demands from these, as we called it, main stakeholders. Every 

adjustment developed throughout our research must enable robots to meet these demands from the 

main stakeholders: the companies, their employees and their customers during an interaction.  

 

 

Robot journey 

Table 3 shows a robot journey, which contains main context of a delivery robot during a delivery. The 

journey starts with loading an order into the robot and sending it away; the robot travels the 

sidewalks towards the customer who receives the order and sends the robot back to the company.  

 1. Loading an order: 2. Driving to a customer: 3. Delivering the order: 4. Driving back:  5. Returning home:  

 

     

 

Table 3:  Robot journey of delivering an order: 1) loading an order, 2) driving towards the customer, 3) handing over the 
ordered items, 4) driving back to the company and 5) arriving back at the company.  
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The five phases described in Table 3 contain all people who interact with the delivery robot in use. 

Here the delivery robot picks up an order (1), drives on the sidewalk toward the delivery location (2), 

delivers the order (3) and then drives back (4) to the company (5).  

During their travel on the sidewalks, robots meet different people, each of them experiencing the 

robot differently and, therefore, interacting differently. The robot therefore is required different kinds 

of behaviour during the different phases of delivery in order to optimize its time-efficiency.  

All stakeholders the robot encounters during its use  

The main stakeholders occur in the phases 1, 3 & 5. During the travel phases of the delivery (phases 2 

& 4) occur different people ς secondary stakeholders. We distinguished people who used the 

sidewalk as pedestrians and people who use the street as drivers. Table 4 shows an overview of all the 

stakeholders we consider relevant. 

Stakeholder: 
Journey 
phase:  Relevant robot interactions: Encounter location: Included: 

1. Company 
employees 

1,5 Sending robot with an order and receive 
the robot once its delivered  

At the company itself No 

2. Pedestrians  2,4 Traveling with the robot: moving around 
it, walking next to it; walking behind it; 
etc. 

On the sidewalk Yes 

3. Drivers 2,4 Encountering a robot that crosses the 
streets  

On the streets No 

4. Company 
customers 

3 Receiving the robot, taking their order 
and sending the robot back 

At the delivery location No 

Table 4: All stakeholders who emerge throughout the robot-journey of a delivery robot in action.  

Selecting relevant pedestrians for our research 

Pedestrians occur alone, with their families or friends, hanging around, caring stuff or pulling a buggy 

and in many more variations. The combinations of these variations result in complex situations 

wherein a robot could end up. The robot should be able to deal with all of these situations in order to 

maintain its time-efficiency. To simplify the situation for our research its decided to create four 

groups of the main situations (see Table 5).  

Single pedestrian Groups of pedestrians Sidewalk vehicles Drivers (street-users) 

    

An individual walks on the 
sidewalk towards his/her 

destination. 

Young people enjoying free 
time, hanging besides the 

sidewalks. 

A family walks around with 
a wagon or buggy. 

Some pedestrians crossing 
the streets like the robot 

will do and encounter a car. 

Table 5: An overview of all the different kind of the main groups of pedestrians that will encounter a delivery robot and 
could have an undesired interaction with it.  
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Our aim is to measure the influence of a robot on a pedestrianΩǎ behaviour. By complicating the 

situation of that pedestrian, we complicate our measurements, which could lead to wrong results and 

conclusions. To provide adequate results and conclusions we focus on the individual pedestrian.  

 

Previously we discussed what is expected from a delivery robot and how pedestrian behaviour 

emerges. In this section we elaborate how we envision an idealistic encounter between robots and 

pedestrians, how pedestrian experiences relate to micro-emotions and what the possibilities are for 

robots to influence pedestrians throughout an interaction. 

Neutral sidewalk encounters 

When humans encounter each other on sidewalks, they effectively communicate about how they will 

pass each other. At least most of them. In a moment, it is clear for both parties that communication is 

needed to avoid walking into each other. This communication consists of non-verbal (or textual) 

communication like eye-contact (connection), pre-sorting (movement) or changing posture (body 

language/ hierarchical-status) to share intentions. This behaviour provides feedback to the other, who 

can react accordingly. In most cases this results in an encounter where both pedestrians keep their 

ǿŀƭƪ ǾŜƭƻŎƛǘȅ όƛŦ ǘƘŜǊŜ ŀǊŜƴΩǘ ŀƴȅ ƻōǎǘŀŎƭŜǎ ǘƻ ǇǊŜǾŜƴǘ ǘƘƛǎύΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ƻŦ ǇŀǎǎƛƴƎ ŜŀŎƘ ƻǘƘŜǊ ƻƴ ǘƘe 

sidewalk is most neutral and most time-efficient for all parties. 

Just like an encounter with another human on the sidewalk, an encounter with a delivery robot 

requires a form of communication about who moves where to pass each other. In most encounters 

with a delivery robot, communication is established and the encounter results in the desired (neutral) 

interaction, but in some cases, pedestrians experience a trigger to start a time-consuming interaction.  

Pedestrian emotions, experiences and behavioural reactions 

Unfortunately for the delivery robot their current behaviour motivates some pedestrians to behave 

non-neutral which results in the undesired/time-consuming interactions. In these cases, their path 

gets blocked which forces them to slow down or to stop completely until the pedestrian decides to 

step aside. To understand why pedestrians might act this way, we asked ourselves what motivates a 

pedestrian to behave the way they do. 

Every interaction is influenced by the behaviour of all involved parties. All human behaviour has an 

internal trigger upfront and so do pedestrians have. Every human behaviour is triggered by an 

experience from the situation around them. In the field of designing these situations are influenced 

by the product interactions. To adequately design product interactions, designers evaluate every 

individual event where a user could experience something that is called a micro-emotion. Combining 

all events shows how the total experience that is constructed. With the overview of all the micro-

emotions is it possible to redesign the smaller parts that evoke the undesired micro-emotions and 

improve the whole experience (see Figure 3).  

Interaction <- Behaviour <- Experience <- Micro-emotions 

Figure 3: Build-up from human behaviour that will influence interactions with delivery robots. 

If an experience can be reflected afterwards, it should be possible to predict what experience will 

follow by measuring and combining micro-emotions. For this reason we asked ourselves the 

questions: άWhat micro-emotions emerge at the beginning of an (undesired) encounter?έ ŀƴŘ άWhich 

aspect of the robot could influence those micro-emotions?έΦ 
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The ǊƻōƻǘΩǎ ƛƴŦƭǳŜƴŎŜ on neutral encounters 

By researching possible patterns between micro-emotions and pedestrian behaviour, we intend to 

improve the delivery time and therefore not only improve the benefits for companies and customers 

who use these robots but also improve the communication between robots and pedestrians on the 

sidewalks.  

So, why not build a robot that stands up a bit and gives strong opinions to increase its time-efficiency? 

Why should we only create nice interactions where robots look like the animated robot Wall-E? Well, 

although enabling a robot to stand-up for itself would help to improve its time-efficiency, but it would 

also negatively influence the experience from pedestrians who are encountered, which will finally (in 

extreme) lead to a terminator-like robot that forces its way to your house to bring food. Besides that 

IΩƳ ǇŜǊǎƻƴŀƭƭȅ ƴƻǘ ƘŀǇǇȅ ǘƻ ŜƴŎƻǳƴǘŜǊ ǎǳŎƘ Ǌƻōƻǘ ƻƴ ǘƘŜ ǎƛŘŜǿŀƭƪǎ ƻǊ ƻƴ Ƴȅ ŦǊƻƴǘ ŘƻƻǊΣ L ǿƻǳƭŘƴΩǘ 

like a company that uses this robots (and what if competitor robots get in a conflict?). So when we 

ŘƻƴΩǘ ǿŀƴǘ ǘŜǊƳƛƴŀǘƻǊ-robots on the sidewalks and Wall-E-robots are too kind to be time-efficient, we 

have to provide the robot with different behaviour to enable it to establish neutral encounters.  

Figure 4: Different kind of robot designs we know from the movies 
(left Wall-E and right Terminator) which show how robot behaviour 
can be interpreted differently.  

IǳƳŀƴ ōŜƘŀǾƛƻǳǊ ƛǎƴΩǘ ŀƭǿŀȅǎ ƴƛŎŜΣ ōǳǘ ƛǘ ǎŜǊǾŜǎ ŀ 

purpose. When people want to avoid contact or time-

consuming interactions, they will communicate this by 

performing defensive behaviour that could prevent an 

encounter completely. A delivery robot as sidewalk-

user will experience comparable situations where it 

should, in order to keep the same time-efficiency, 

prevent or reduce the required time for that specific situation. Delivery robots should therefore, just 

like humans, perform some form of defensive behaviour. 

 

In this chapter we explored the context of a delivery robot which provided us the research questions 

to answer the main question: άCould we shape pedestrian behaviour based on detected micro-

emotions during an encounter with a delivery robot?έ. In order to answer this question in Chapter 6, 

we have to answer the following sub-questions:  

  

1. άWhat micro-emotions emerge at the beginning of an (undesired) encounter?έ 
See Chapter 3 for our case study where a participant encounters a seemingly autonomous robot and 

reflects on the experience and micro-emotions, which are explained in Chapter 2. 

нΦ άIƻǿ Řƻ ƳƛŎǊƻ-emotions lead to certain pedestrian bŜƘŀǾƛƻǳǊΚέ 
See Chapter 3 for the analyses of the results from the case study where we have clustered the results and 

explored patterns in the behaviours. 

оΦ άWhich robot-aspects could influence those (undesired) micro-emotions?έ 
See Chapter 4 where we redesigned the robot behaviour in order to adapt to the measured behaviour. In 

Chapter 5 we evaluated our redesigns with an online test with the same participants to get an indication 

from the relevance. 
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2.  Theoretical framework  
 

The introduced concept of improving the time-efficiency of delivery robots by 

looking at micro-emotions is based on existing research in areas like human-

robot-interactions, social signal processing, social cues detection and processing 

and society design. In this chapter, we connect existing literature and research 

that explores a similar idea or supports our concept and enabled us to measure 

pedestrian micro-emotions and experiences. To be sure that our concept is 

feasible for a real-life situation, we explored the feasibility as well. With all this 

information, we conducted a case study which can be found in the Chapter 3.  
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Tƻ ƎŜǘ ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ΨƘƻǿΩ ŀƴŘ ΨǿƘȅΩ ōŜƘƛƴŘ ǘhe behaviour that pedestrians show 

around delivery robots, we drove around with a robot that seemed to be autonomous to observe the 

reactions and participated in an experiment that explored human reactions towards an autonomous 

robot. From these experiences, we collected many insights (see appendix) and we selected the most 

relevant ones for the research in Table 6. Visuals are added to show the context (and not to connect 

an insight to a specific observation).  

Keeping a distance Evoked interest Scary robot movements Frustratingly slow robot 

    

Because of the lack of space during 
an over taking this person preferred 
to hold on to the table in order to 
avoid any contact with the robot. 

Autonomous robots evoke interest 
and some form of challenge by 

some pedestrians who get 
stimmulated to test the robot on it 

reactions. 

.ȅ ǎǳŘŘŜƴ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǊƻōƻǘΩǎ 
driving pattern it scared the people 

who walked behind him. 

This person could not move around 
the robot when it drove slower. In 
reaction, the person got frustrated. 

Clear communication Dominant human behaviour Intentions in body language Frustrating surprise 

    

By detecting the robot this person 
decided to move to the left side of 
the table. Both the robot and the 

pedestrian could continue. 

The more this person got familiar to 
the robot, the more dominant he 

behaved. At this moment, the robot 
had to wait in order to continue. 

By moving his shoulders in the 
direction he was heading, this 

person communicated on what side 
he intended to pass the robot. 

The person waited for the robot, 
who stopped suddenly. This evoked 
ŦǊǳǎǘǊŀǘƛƻƴ ōȅ ǘƘŜ ǇŜǊǎƻƴ ǿƘƻΩǎ 
path got blocked by the robot. 

Table 6: Insights gained from our experiences with robot interactions and observation of putting a robot in a crowed.  

 

Human behaviour and experience, including emotions, shapes product experience and can be shaped 

by it, but how can products be designed with this in mind? Micro-emotions have been introduced by 

Desmet to try and capture the emotional aspects of an interaction such that they can inform the 

design of products and their behaviour [11]. His work describes micro-emotions as internally 

ŜȄǇŜǊƛŜƴŎŜŘ άǎƘƻǊǘ-ǘŜǊƳ ŜƳƻǘƛƻƴǎέΣ ŜǾƻƪŜŘ ōȅ ŀƴ ŜǾŜƴǘ όǎǳŎƘ ŀǎ ŀƴ ŀǎǇŜŎǘ ƻŦ ŀ ǇǊƻŘǳŎǘ ƻǊ ƛǘǎ 
















































































































