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i. Abstract 
 

What has made the autonomy of today possible and what laid the foundation of its 
rapid advancement has been the technical development in computer hardware. As 
computers have increased in power and speed and at the same time decreased in 
price, autonomous solutions has increased enormously in nearly all scenarios of 
life where human-machine systems can be found. Automation has also started to 
spread into vehicle technology; driverless cars can be seen roaming the streets and 
the mining industry, autonomous haulers are already in use to some extent. It is 
just a matter of time before fully automated heavy machinery enters the scene 
with the goal further increase the productivity in our society. But when autonomy 
gets more and more complex, there is one thing that seems so get more important; 
trust. 

Trust is needed in situations where a total understanding of all factors involved is 
hard to grasp. It will act as a guide in decision-making and is a prerequisite that 
needs to exist if the automation is to be used. Although, if the trust is too high or 
low the result could be that automation is used inappropriately with possible 
dangerous situations as an outcome.  

In this thesis autonomy and trust gets defined and understood and then intertwined 
to get an understanding of how they are related. The outcome from this thesis is a 
set of clearly defined crucial factors that is needed on a worksite with heavy 
equipment machinery and humans to create and maintain trust. These crucial 
factors are put in a conceptual model of trust building and later exemplified in a 
system solution created in a larger context. There are also recommendations on 
how to support these crucial factors through PSS design.   

This thesis shows that designing for automation is not an exact science, since 
there is much delimitation to take into account such as cultural and individual 
differences in the human being that is subject to the autonomy. When designing 
for appropriate trust in automated technology it needs to be done by taking the 
whole system into account with humans, machines and the environment they are 
in. 

 

 

Keywords: automation, trust, design, product service system, construction  
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ii. Sammanfattning 
 

Vad som har gjort dagens autonoma teknologi möjlig och som lagt grunden till 
dess hastiga framsteg har varit den tekniska utvecklingen i datorhårdvara. I takt 
med att datorer har ökat i både prestanda och hastighet och samtidigt minskat i 
pris har autonoma lösningar ökat extremt mycket i nästan alla scenarios av vårt 
vardagsliv där människa-maskinsystem finns. Automation har också spridit sig till 
fordonsutvecklingen; förarlösa bilar kan redan ses på gatorna och i gruvindustrin 
används redan autonoma dumpers i viss utsträckning. Det är bara en tidsfråga 
innan fullt autonoma tyngre maskiner entrar scenen med målet att fortsatt öka 
produktiviteten i samhället. Men då den autonoma teknologin blir mer och mer 
komplex så finns det en del som verkar bli viktigare; tillit.  

Tillit behövs i alla situationer där det inte är möjligt att förstå alla inblandade 
faktorer. Tillit fungerar som en guide i beslutsfattning och är en förutsättning som 
är nödvändig för att automation överhuvudtaget ska användas. Men är tilliten för 
hög eller för låg kan det resultera i att automationen används felaktigt med 
eventuellt farliga sitationer som påföljd. 

 I den här rapporten definieras autonomi och tillit för att sedan få en djup 
förstående för de båda för att kunna se sambanden emellan dem. Resultatet i 
denna rapporten är ett set klart definierade kritiska faktorer som behövs på en 
arbetsplats där både tunga maskiner och människor vistas. Detta för att skapa och 
upprätthålla tillit. Dessa kritiska faktorer är sedan satta i en begreppsmässig 
modell för byggande av tillit och senare exemplifierade in ett system som är 
utvecklat i ett större sammanhang. Det finns också rekommendationer för hur 
dessa kritiska faktorer kan få stöd genom product- och tjänstesystems innovation. 

Den här rapporten visar att det inte är en exakt vetenskap att designa för 
automation eftersom det finns många avgränsningar att ta hänsyn till som t.ex. 
kulturella och individuella skillnader hos individen som kan påverka vid 
interaktionen av autonom teknologi. När man designar för lämplig tillit i autonom 
teknologi  behövs hela systemet tas i åtanke med både människor, maskiner och 
miljön de vistas i. 

 

 

Nyckelord: automation, tillit, design, produkt- och tjänstesystemsinnovation, 
konstruktion 
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1. Introduction 
 

This project is a master thesis in mechanical engineering at Blekinge institute of 

technology for Volvo Construction Equipment (VCE). This chapter describes the 

background, problem, purpose and goal. 

1.1 Background 

As human beings, trust lies deeply rooted in our social constructs and it is one of 

many elements in our social reality (Searle 1995). During our shared journey and 

the evolution of the human race that has shaped us into what we are today, trust 

has played an important role. It appears that we have a natural disposition of 

judging trustworthiness in a peer and this can be traced to the human brain and its 

neurological structure (Kosfeld et al 2005, p. 673-675). Trust guides us into the 

unknown by operating between the safe area of already existing knowledge and 

the unknown area of new possibilities. Without us being able to trust we would 

never enter the unknown, leaving us to be paralyzed by inaction in the safety of 

what we already know (Braynov 2002). 

Because of trust, the human race has been able to take a leap of faith that brought 

us to where we are today. By trusting ourselves, families, communities and 

eventually nations and large organizations society has been shaped into the world 

wide connected network of people we see today. And from it, technology has 

emerged in a rapid pace ever since the first stone was picked up from the ground 

with the intention to use it as a tool. 

Trust has always been of interest in sociological and psychological contexts but in 

recent years the topic has gained interest in several other domains (Lee & See 

2004; Parasuraman & Wickens 2008, p. 511-520; Yagoda & Gillan 2012, p 235-

248). We are more interested than ever to gain understanding in how trust affect 

for example economics, organizations, various work places and healthcare. 

Machine and robotic ethics is also one emerging field where the topic of trust is 
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highly debated. As technology progresses, especially in terms of cheaper and 

more capable computers, it may seem like an inevitable development that we in 

the near future will have fully autonomous technology all around us.  

Trust essentially means that the individual is willingly putting themselves “at risk 

or in vulnerable positions by delegating responsibility for actions to another 

party” (Lee & See 2004, p. 53) and human beings has done this ever since the 

beginning of their existence by putting trust in other humans. But when more 

advanced technology emerged this changed into putting our trust in to machines. 

For example, in the18th century, groups of workers lost their jobs at textile 

factories because the fact that they had been replaced by machines that would 

improve the productivity of the factory. This was the start of the industrial 

revolution, which without we would not have the modern technology that we have 

today. At the same time, this was one of the first situations where the (remaining) 

workers had to put their trust in a machine. Today, this has changed further since 

we are in the starting blocks of putting our trust in fully autonomous machines and 

robots. We have gone from trusting human beings, an act which is deeply rooted 

in both our history as well as our neurological brain structure, to trusting 

autonomy. This has changed the outlines of trust and its factors which in turn have 

forced designers worldwide to rethink and re-evaluate how products and services 

should be designed if a human being is to put their trust in it.  

 

1.2 Problem discussion 

Autonomy has many definitions which will be discussed later. For now we use the 

broader definition by Parasuraman & Riley 1997, p 231 that autonomy is “the 

execution by a machine agent (usually a computer) of a function that was 

previously carried out by a human”. 

The main problems with automation can be divided into philosophical and 

pragmatic issues (Asher & Post, 1964; Edwards & Lees, 1974; Parsons, 1985). 

Pragmatic issues describe situations how and where the automation functions for 
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different reasons fails to provide the benefit that is promised, for example a 

software error or a sensor misread.  Philosophical issues on the other hand revolve 

the human capabilities and her role in complex systems and also the nature of 

human cognition (Hancock, 1996; Sheridan, 2002). A large issue with autonomy 

today is that people often fail to rely on it properly – a highly philosophical issue 

not related to any specific technical function.  

This general lack of trust and fear of autonomy has manifested gradually into the 

human society ever since machines started to replace humans on a large scale 

during the industrial revolution. This has also been described as “technological 

anxiety” and it can take on three major different concerns according to Mokyr et 

al 2015. Two of them which are based upon the belief that autonomous 

technology will increase with time and the third that it will decrease. The most 

common concern is that technology will cause extensive replacement of humans 

with machines and that this will result in high unemployment rates and increased 

inequality. The second concern is for human welfare and moral consequences, 

which already started during the industrial revolution when concerns about 

dehumanizing work in terms of for example repetitive work due to technology 

was first brought up. The third concern is based upon the idea that our peak in 

technology development is already behind us and that this will make it hard for us 

to keep up economy- and productivity-wise with for example population growth. 

Another concern not brought up by Mokyr et al 2015 might be the general lack of 

trust in today’s society on the technology of tomorrow, fed by literature and 

media, that machines are evil and that they one day will evolve into being 

conscious about their own existence and have a bad attitude towards their 

creators. The Matrix, Terminator and I, Robot are all examples of movies where 

this is the case. 

Despite these concerns, the fact that we are more surrounded than ever by 

technology and autonomy in our everyday life is undeniable. But where autonomy 

flourished the most is still at our workplaces and lots of functions previously 

carried out by humans is now automated. We have now entered the transition to 

full autonomy, with a vision to fully disconnect the human worker from the task 
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that is being executed. The problem here is that even though this is done 

successfully it will still be an even greater step removing the human worker 

completely from the work site. Take for example a construction site; given that all 

the machines are fully automated with no human drivers several humans will still 

be needed on the site. Site manager(s) will still be needed on the worksite for 

supervision and inspection, engineers or maintenance personnel will be needed to 

repair and maintain the autonomous machines and during the transition to a fully 

autonomous work force there will still be human workers performing more 

advanced tasks not suited for machines. In many cases there will also be other 

people on the work site from time to time, for example visitors or clients. How do 

these people interact with autonomous machines? Will their trust towards them be 

affected compared to if a human was driving the vehicle?  

Since these scenarios take place in the future it could be hard to answer them in an 

accurate way. But given the extensive research regarding how we humans interact 

with other humans it could be possible to explore exactly what happens at a work 

site in the scenario when a human worker is substituted by a machine and pin-

point what factors of trust could be of most interest to us as product development 

engineers. Although, due to the very multi-faceted nature of trust this would be on 

a very fundamental level. Still, the awareness of these factors could later also be 

linked to possible dangers and risks with implementing fully autonomous 

machines on a worksite, which could be of great use for a company that is 

planning for a future of fully autonomous machines. 

Volvo Construction Equipment’s vision is to have both remotely operated 

vehicles and fully autonomous vehicles working on the future construction site 

together with humans. Because of this, it is crucial for VCE that their customers 

can trust their machines on both the construction site of today, as well as 

tomorrow. To make the transition to fully automated work sites as smooth as 

possible, it is in the interest of VCE to explore and understand the factors behind 

the humans trust in autonomous technology.  
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1.3 Thesis questions and/or technical problem 

The questions that will be answered in this thesis is divided into “general” and 

“specific” research questions, where the general questions will act as a baseline 

and support to the specific research questions. 

- What are the crucial factors to obtain and retain trust between humans 

and machines on a worksite with heavy autonomous machinery? 

- How can these factors be supported in product development? 

 

1.4 Purpose discussion 

While heading in a raging speed towards the future autonomous work site it is 

essential to know have a good understanding of the possible implications that 

could follow an implementation of autonomous machines. For a company 

manufacturing autonomous machines or vehicles that will be used in the presence 

of human beings it is of course crucial that these machines can be trusted and that 

you can rely upon them and their systems. If not, it could result in disuse, misuse 

or abuse of the autonomous technology and an outcome from this could 

potentially mean safety implications and serious costs (Merritt et al 2013). Along 

with it, it could also result in a brand being irrevocably hurt – something that 

could be very devastating to a company in a competitive industry.  

By gaining a good understanding of the factors that could cause these 

complications you could use this knowledge to your advantage. Heading towards 

a more and more automated society, trust will most certainly be increasingly 

considered a highly sought after value in service- and product development. 

Because of the technical progress it is no longer a matter of what could be 

automated, rather a question of what should be automated. To know this, you need 

to know how an automated function affects its surrounding.  

There are a lot of factors that influence our interactions with autonomous 

machines, where trust is one of them. Other factors are for example mental 
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workload, risk and confidence in the human user. In this thesis there will be an 

emphasis on the factor of trust. By adding the value of trust to products and 

services, you add value to a company’s customers. This could help in increasing a 

company’s sales as well as strengthening the brand. 

 

1.5 Purpose 

The purpose of this thesis is to define trust and identify the factors crucial to 

obtain and maintain trust. This so that humans and machines can efficiently and 

safe share the same workspace. A conceptual model is developed to show these 

crucial factors in the context of trust building. Further on, it is explored how these 

factors can be integrated and supported in PSS development. 

This result will be compared to a system developed in a larger context. 

 

1.6 The ME310 project 

This thesis is conducted in a larger context. Since early October 2015 students 

from Blekinge Institute of Technology (BTH) in Sweden and Stanford University 

in USA have explored how humans and machines can cooperate and share the 

same workspace in a safe and efficient way, doing so by creating a healthy 

amount of trust between them. This project was initialized by Volvo Construction 

Equipment (henceforth VCE) and the project has been conducted with VCEs 

ambitions in mind to increase the amount of autonomous vehicles on their 

worksites. Further on, VCEs core values have played an important role while 

exploring these questions. In this project an iterative design process has been used 

that will result in a system that will be presented at Stanford University in June 2, 

2016. 

Knowledge gained during this project has acted as a baseline for this thesis work 

which officially started January 2016. In this report a deeper investigation about 
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trust and its factors and how they correlate with an automated worksite will be 

presented. This investigation will also be compared to the final solution developed 

during the global ME 310 project to endorse its legitimacy. 

 

1.7 Volvo Construction Equipment 

The road to becoming the company now known as VCE started already 1832 in 

Eskilstuna, Sweden. Johan Theofron Munktell and the brothers Jean and Carn 

Gerhard Boliner is said to be the geniuses behind this successful story. (1) Today, 

VCE is focused on manufacturing construction equipment and is one of the 

leading companies in the world within this business. VCE is part of Volvo Group 

whose corporate core values are safety, quality and environmental care. (2) These 

core values act as a baseline for this thesis and the fundamental goal is to add 

value to these and by that also add value to their products, services and in the end 

the customers of VCE. 
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2 Research methodology and approach 
 

This chapter describes the methods and tools used in conducting this thesis and 

arguments of why and how these were used.  

 

When conducting this thesis, data has been collected through the shared project of 

ME310 where six students have participated. Additional research has also been 

conducted by the writer of this thesis to get a deeper understanding of the specific 

research questions explored in this thesis. This thesis will act as a validation of 

parts in the final result of ME310 and endorse its legitimacy.  

When a research question have been developed, it must be determined what 

research methodology could best aid in answering the question. All research 

methodology has different limitations and advantages and knowing these gives a 

clear advantage to the conductor of the study. Methodology could be seen as the 

theory of organizing an activity (Novikov & Novikov 2003) and lie the foundation 

of how the work is conducted. 

In this thesis a case study approach has been used as well as an iterative design 

process with a system engineering focus. Primary data has been gathered through 

observations and interviews on site visits and secondary data consists of 

comprehensive literature studies. This thesis will be both exploratory and 

descriptive; it will investigate a certain phenomenon to gain familiarity and 

achieve new insights to it, as well as accurately portray characteristics of a 

particular situation or individual (Kothari 2004). 

 

2.1 Research type 

Kothari (2004) defines eight types of research; descriptive vs. analytical, applied 

vs. fundamental, quantitative vs. qualitative and conceptual vs. empirical. A 
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choice can be made between the pairs but doesn’t have to made, since Kothari 

argues that all research could be a variation of both. 

Descriptive vs analytical; in a descriptive research you study the present in 

scenarios where you have no control over the variables involved. It is also 

common to use correlational and comparative methods. In analytical research, a 

critical evaluation is made out of already existing information. This thesis work is 

both descriptive and analytical. Even though the questions at issue have a strong 

relation to future scenarios, contemporary scenarios have been examined to find 

causes and patterns where no control over variables has been given. These 

examinations have later been compared to each other and correlations between 

them have been identified. This thesis work also consists of analytical research, 

since an extensive study of already existing material in the field of trust and 

autonomy has been made, with a critical evaluation associated to given scenario 

as a result. 

Applied vs. fundamental; while fundamental research focuses on generalizations 

and formulations of theories, applied research aims at solving and finding a 

solution for an immediate problem. One part of the goal with this thesis is to 

validate a solution to a problem whereas an applied research has been made. To 

do this, fundamental research has been made where focus has been on 

generalizing human behavioral aspects of the scenario in which the problem has 

been solved. This research can also in a sense be seen as applied, since it aims at a 

specific solution. 

Qualitative and quantitative; quantitative research is applicable where it is 

possible to use measurements of amount or quantity, while in qualitative research 

it isn’t necessary. Qualitative research is often related to qualitative phenomes, 

such as for example human behavior. In this thesis a qualitative approach has been 

made, since the problems examined is hard to measure.  

Conceptual vs. empirical; in empirical research you depend on observations and 

experience alone, often with no regard of theory or system view. Conceptual 

research instead related to theories or abstract ideas and is often used to develop 
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Inductive approach        Deductive approach 

concepts or interpret already existing concepts. The system that has been 

developed during this thesis work is based mainly upon empirical research. The 

ambition with the individual work presented in this thesis is to add value to that 

system by adding conceptual research.  

2.2 Research approach 

Olsen & Sorensen (2001) and Wiedersheim-Paul & Eriksson (1997) make 

distinctions between two different research approaches – the inductive, and the 

deductive approach. The inductive approach starts with observations and 

continues with generalizations within a given theoretical framework. From this, a 

theory or model is developed. When doing deductive research you do the 

opposite; you start from a theory or model, you formulate hypothesis and then 

assess the hypothesis in reality. These two research approaches form a circular 

workflow, where one can begin where the other ends (figure 1). 

 

Figure 3- Inductive (left) and deductive (right) research approach 

 

This thesis work is neither solely inductive nor deductive. The work done in 

project form has mainly been done with an inductive research approach where a 

system (model) was developed after data was gathered and patterns where 

identified. Simultaneously, individual work has been made that has taken on a 

Theory 
(model) 

Hypothesis 

Assessment 

Reality  

Observations 

Generalize 
and find 
patterns 
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more deductive approach.  Already existing theories and models have been 

examined and the result has been tested in an iterative process where deductive 

and inductive approaches have mixed. This mix is referred to as an abductive 

approach (Gummesson, 2000; Wiedersheim-Paul & Eriksson, 1997). 

 

2.3 Research strategy 

According to Yin (2009) there are three distinct questions whose answers lay the 

foundation of what type of research method should be used. He also argues that 

all research strategies could be used explanatory, exploratory and/or descriptive. 

The first question covers the research question addressed and if the characteristic 

is of “who”, “what”, “where”, “how” or “why”. The second one questions to what 

extent the investigator has had over behavioral events in the research and the third 

questions if the focus in the study lies on contemporary or historical events. The 

figure below expresses the three questions and how they relate to the different 

research strategies. 

 

Figure 4- Relevant situations for different research methods 
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In this thesis it will be explored how humans and machine can share the same 

workspace in a safe and efficient way by creating a healthy amount of trust, what 

the most crucial factors of trust are and why these are of value. During the study, 

the focus has mainly been on contemporary events and no there has been no 

requirement of behavioral control in the study. According to Yin (2009), this 

describes a case study and an archival analysis. 

2.4 Data collection methods 

Data can be categorized in two groups; primary and secondary data. For the 

researcher it is important to be able to distinguish between these different types of 

data to be able to analyze and assess the data in a correct way. Primary data is 

directly related to the study and is collected in this study through interviews and 

observations. Secondary data on the other hand is data that has already been 

processed by someone else. Books, journals or articles are all good examples of 

this. Secondary data is a good complement to the primary data to be able to 

explain for example observations with an underlying theory. Secondary data is 

often easier to obtain than primary data, but a drawback could be that it’s not 

necessarily tailored to fit your exact needs. At the same time, it could be of great 

use for a researcher or a designer to look for secondary data “outside” of his own 

area under investigation to get a broader perspective of the problem. (Kothari 

2004, Denscombe 2010). In this case study the primary data consists of 

observations and interviews and the secondary data of literature studies. 

 

2.5 Case study 

Yin (2009) defines a case study as “an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context; when the boundaries 

between phenomenon and context are not clearly evident; and in which multiple 

sources of evidence are used”. A case study allows understanding and exploration 

of complex issues and could be a robust research strategy when in-depth and 
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holistic investigation is needed. Although there are divided considerations of what 

a case study really is, there are some common factors that various case study 

researchers seem to agree upon. Yin (2009), Gillham (2001) and Merriam (1988) 

all brings up that the “case” which is studied should be contemporary, could be a 

multifaceted operational unit and should be investigated with a multitude of 

methods in a natural context. All these three statements fit the questions of this 

study. Even though the research aims at understanding a scenario of tomorrow, 

contemporary events have to be studied to get a wide understanding of the topic 

under study. A case study is often both descriptive and exploratory and could be 

of great use when the “case” under study is problematic to research outside of its 

natural context (Ghauri & Grønhaug 2010). 

Yin (2009) points out three different categories of case studies; exploratory, 

descriptive and explanatory. The case studied in this thesis is how humans and 

automated machines could cooperate and share the same workspace in a safe and 

efficient way, by creating a healthy amount of trust. This is a very multi-faceted 

problem which will be investigated to some extent in all three ways mentioned 

above. The work done in project form has been highly exploratory where small 

scale data collection and fieldwork was made to get a sense of the problem as well 

as to form some kind of framework. Further on, the natural phenomenon of trust 

on a workplace has been described by identification of patterns found on different 

site visits. Finally, in this thesis work, the data will be more closely examined and 

analyzed in order to be able to explain the phenomenon investigated. It may seem 

like a disadvantage to mix the three different categories of case studies, but Yin 

(2009) argues that this is not the case. He states that “a common misconception is 

that the various research strategies should be arrayed hierarchically. Thus, we 

were once taught to believe that case studies were inappropriate for the 

exploratory phase of an investigation that surveys and histories were appropriate 

for the descriptive phase, and that experiments were the only way of doing 

exploratory or casual inquiries”. 

Case studies have several strengths; the phenomenon under study is most often 

observed within the context of its use. Secondly, the different approaches to a case 
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study enable both qualitative and quantitative examinations of the data gathered. 

Third, a case study is not only useful for describing or exploring a phenomenon in 

a real-life environment. It is also an efficient method to explain the complexity in 

these situations (which could be difficult with survey- or experimental-based 

research). Despite these strengths, case studies have received some criticism. One 

of the most common criticisms is the usage of a small number of subjects, which 

makes it hard to generalize the findings. (Yin 2009) This is further discussed 

under “validity and reliability in case studies” p.) 

The empirical data in this case study has been gathered and analyzed by the six 

students in the ME310 project group. Further analyzing and gathering of 

complementary data has been done by the one student in the project group writing 

this thesis.  

2.5.1 Observations 

In studies regarding behavioral sciences observations is a common method 

(Kothari 2004), and has been used in this case study. Observations becomes a 

scientific tool when it’s planned, recorded and its reliability or validity is 

somehow controlled (Kothari 2004). The observations in this study have been 

done in Sweden and USA and participation in all fieldwork has not been possible 

due to the geographical boundaries. Data collected has been shared with help of 

web platforms such as “google drive”, but primarily the findings has been shared, 

discussed and analyzed during weekly meetings. The observations have been 

conducted during site-visits where the phenomena of trust have been examined. 

According to Kothari, a benefit with this kind of observations is that the 

phenomenon is examined in its natural environment. The observations made have 

been masked, meaning that the actual goal with the observation has not been 

shared with the subject under investigation. This has been to avoid conscious or 

unconscious change in behavior in the subject, which could lead to inadequate 

data. This method is referred to as “participant observation” (Fangen 2005, 

Kothari 2004) where the aim is to observe a subject in her everyday-life in order 

to learn about their behavior or from their expertise in a specific field. This is an 
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effective observation method as long as the observer himself doesn’t change the 

actual behavior observed in the subject, just by being present.  

Kothari (2004) distinguishes between structured and unstructured observations. 

The structured observation is characterized by a careful definition from the 

observers side of what and how should be observed, how it should be recorded 

and how the accuracy of the observation could be ensured. Given the very multi-

faceted topic addressed in this thesis, it has not been possible to decide upon most 

of these things in advance. Also given the fact that in most field-work and site-

visits conducted, it has not been clear in advance what to expect regarding what, 

who and which scenarios we could observe. Hence, the observations have been of 

a relatively unstructured type, which according to Kothari (2009) is the most 

common when conducting exploratory studies. 

2.5.2 Interviews 

As well as with observations, interviews can be categorized into structured and 

unstructured interviews and is an important source of data in case studies 

according to Kothari, 2004. He further states that the interviews can be focused, 

clinical or non-directive. The focused interview is used when the interviewer want 

to engage in a discussion with the respondent regarding a specific issue. This 

interview is highly unstructured in most cases and is commonly used when the 

interviewer seeks to develop a theory. The clinical interview is used when the 

interest lies with the life experience of the respondent and her underlying feelings 

and emotions. In the non-directive interview the goal for the interviewer is to get 

the respondent to talk (within given topic) without asking direct questions.  

Yin, 2009 on the other hand, stated that the form of the interview could take three 

different shapes; the open interview, the focused interview and the structured 

interview. Kothari and Yin agrees that the structured interviews are often very 

well prepared with predetermined questions and standardized recording 

techniques. Yin describes the focused interview as more structured than Kothari’s 

version but they both agree upon that this interview type is used when you want to 
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discuss a specific topic. Yin describes his open interview as the most common 

one, where both facts and opinions are discussed. 

Like stated in previous chapter, it has not been clear in advance what to expect 

from the site-visits that has been conducted. The sites visited have been very 

different and no set of standardized questions could have covered everything; 

whereas some questions would have been irrelevant for certain sites while highly 

relevant for others. The interviews conducted have instead been highly 

unstructured and the questions asked have been designed for the specific context. 

The problem with this interviewing method is that it is hard to validate the data, 

since it’s hard to compare it to each other. Validation has been possible with 

certain data, but not with all. This data has instead been analyzed separately and 

independent from each other together with the context in which the question was 

asked and answered.  

2.5.3 Literature study 

For this thesis work an extensive literature study has been conducted to get a 

broad theoretical framework and to be able to answer the questions under study. 

Data has been gathered through articles, books, journals and online sources. To 

avoid subjective data and to get a higher reliability, multiple sources have been 

used where it has been possible. The search for literature has been ongoing all the 

way through the project due to the inductive approach, but intensified when this 

thesis work begun. According to Reinecker & Jørgensen (2014) there are three 

types of literature that is useful when conducting a study; empirical studies related 

to the topic, literature with concepts and theory and literature regarding methods 

and tools. In order to conduct this thesis all three types has been reviewed and 

analyzed; books, articles and journals have been collected at the library at BTH or 

found using their online search tool. Databases used for online search has been 

https://scholar.google.se/ and https://www.bth.se/bibliotek/.  

2.5.4 Validity and Reliability in case studies 

Validity could be explained as the ability of the tool or method to measure that, 

what is claimed to be measured. Reliability could be defined as a method or tools 

https://scholar.google.se/
https://www.bth.se/bibliotek/
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sensitivity to chance; the reliability is high when the same test results in the same 

outcome when the test is repeated (Lundequist 1995, p. 38)  

Case studies can be validated according to four different tests to validate the 

quality of the research (Yin 2009). These four tests are normally used in all 

empirical social research and are construct validity, internal validity, external 

validity and reliability. 

Construct validity; in case study research this is extra challenging because of the 

fact that the investigator could fail to develop a sufficiently operational set of 

measures and instead use subjective judgements when the data is collected. To 

avoid this, multiple sources has been used when collecting the data and the data 

has been compared to exciting published studies to the highest grade possible.  

Internal validity; this is primarily a concern when it comes to explanatory case 

studies where a phenomenon is trying to be describes and why certain events led 

to other events. Problems with internal validity could occur for example when the 

investigator draw conclusions between different events when she missed out on 

important factors that has influenced the situation. When analyzing the data 

gathered from different site visits, matching patterns has been identified to avoid a 

lack of internal validity. 

External validity; one of the biggest critiques against case studies is how it is 

possible to generalize the result of a case study when using just one or few 

sources of data. This is often compared to surveys, which rely on the statistical 

generalization instead of analytical generalization. To avoid this it is crucial to 

compare the result to already existing theory – something that this thesis aims to 

do. 

Reliability; when a high reliability is achieved, it is possible for the same group 

conducting the case study (or a group of other researchers) to achieve the similar 

results if the study were to be conducted again (Yin 2009, Olsson & Sorenssen 

2001). This could be accomplished if a steady chain of evidence is maintained by 

documentation, so that the external observer could follow the process. In this 
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project all data has been saved and shared using “google drive” and reports about 

the ongoing work has been made regularly.   

To further increase the validity in this case study triangulation has been used, 

which means that a combination of data, investigators, theories or methods is used 

to study the same phenomena (Patton 1990, Gummesson 1991). Data has been 

gathered on different work-sites in both Sweden and USA and six students have 

participated in this project, all with different sets of backgrounds and skills. When 

collecting data, different methods have been used and different theories have been 

discussed and analyzed.  

 

2.6 Design development 

During the project of ME310 a system has been developed to be used at a 

worksite with humans and part or fully autonomous heavy machinery. The goal 

with the system is to make the worker feel safe and trusting towards the machines 

to allow them to share the same workspace in a safe and efficient way. This 

system will further be described in results.  

During the product development a process called the ”Stanford/IDEO Design 

Innovation Process” has been used. The picture below shows the process. In 

theory the process is linear and iterative, but as with all product development 

processes it is far from linear in reality. The process has high focus on rapid 

prototyping, which basically means that cheap and fast prototypes are made to 

“make design mistakes early”.  
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Figure 3- The ME310 Design process 

https://web.stanford.edu/group/me310/me310_2016/about.html  

 

When a prototype has been made based upon needfinding, benchmarking and 

brainstorming, it is tested. The result of the test is evaluated and lays the 

foundation of the redefinition of the problem. This process is iterative and 

repeated a number of times until the concept has been refined and meet all the 

needs of the customer, in this case Volvo CE. By doing fast prototypes and test 

them, validated learning is gained faster than in more traditional methods. In this 

thesis work, a number of fast prototypes have been made, both solely and in 

group. These prototypes have laid the foundation to the result in this report, 

together with interviews and observations. 

  

https://web.stanford.edu/group/me310/me310_2016/about.html
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3 Theory 
 

In this chapter the relevant theory for the study will be summarized. An 

introduction to autonomy will be given as well as an introduction to trust from a 

sociological perspective. Trust in autonomy will also be summarized. 

 

3.1 Introduction to autonomy 

What has made the autonomy of today possible and what laid the foundation of its 

rapid advancement has been the technical development in computer hardware. As 

computers have increased in power and speed and at the same time decreased in 

price, autonomous solutions has increased enormously in nearly all scenarios of 

life where human-machine systems can be found (Parasuraman & Riley 1997, 

Parasuraman et al 2000). In work environments autonomy can be found in for 

example process control, motor vehicle operations, information retrieval and 

aviation (Lee & See 2004). 

Automation technology is developed to extend human performance. The drivers 

behind implementing it on a worksite could be many; perceived economical gains, 

a desire to remove the “human factor” from the work or improve the safety for 

humans. The technical progression has come so far, that it is no longer a question 

of what could be automated, but what should be. Before introducing the reader to 

the concept of “trust in autonomy”, a closer look on the phenomenon of autonomy 

is needed. 

3.1.1 Definitions 

What is autonomy? The term is used extensively and is of huge importance in for 

example robotic research. But despite this, it seems that there is no generally 

accepted or adapted definition of what autonomy really is (Glotzbach 2004). The 

word “autonomy” comes from the Greek language where auto means “self” and 
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nomos means “law” or “custom” – self-rule or self-government; in other words 

the ability to make decisions without the help of an authority figure of some kind. 

To get an understanding of what autonomy could mean in the context of 

technological machine systems, a closer look on some statements and definitions 

regarding the subject is needed.  

Parasuraman & Riley (1997, p.231) states that autonomy is “the execution by a 

machine agent (usually a computer) of a function that was previously carried out 

by a human”. Lee & See (2004) states that automation is “technology that 

actively selects data, transforms information, makes decisions or controls 

processes”. The Oxford English Dictionary (1989) defines autonomy within this 

context as “by extension, the use of electronic or mechanical devices to replace 

human labor”. The definition made by Parasuraman & Riley (2004) seems to be 

one of the more accepted definitions since it emphasizes on a comparison of 

human and machine. Parasuraman added to this definition in his work together 

with B. Sheridan in 2004 that the function carried out could be partially or fully 

accomplished by the automation. Since the interest in this study is both on human 

and machine Parasuramans definition will hereafter be the definition of autonomy 

used in this report. (It is worth mentioning though, that autonomy is not limited to 

tasks that necessarily can be carried out by a human; a lot of functions that 

humans don’t want to do or that is impossible for humans due to physical 

limitations is today automated.)                                                                                          

3.1.2 Levels of autonomy 

The definition of autonomy implies that autonomy isn’t 100% “on” or “off”, but 

instead a continuum that can vary from 100% manual control to 100% full 

automation. For these levels there have been a several proposals (Sheridan & 

Verplank 1978, Riley 1989, Wickens et al 1998). Below is a picture that describes 

a model of human information processing and a table presenting a 10-level 

framework for autonomy, both from the work of Parasuraman et al 2000. The 

table is based upon the work of Sheridan & Plank 1978. 
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Figure 4 - Simple four-stage model of human information processing 

 

The levels in figure 4 refer mainly to the output functions within a system, in 

other words the decision making and later action selection. Introducing the four 

levels of human information processing, also input functions that are automated 

could be categorized within the 10 levels displayed above. The 4 stage model of 

human information processing is with no doubt very simplified from how human 

information processing really looks like (Broadbent 1958), but it fulfills the needs 

of this study. Figure 4 is a visualization of a relatively simple starting point for 

automation design.  The 4 stages for human information processing could further 

on be applied to four different classes of automated functions, as proposed by 

Parasuraman et al 2000; 
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1) Information acquisition; sensing and registration of data  

2) Information analysis; cognitive functions, for example working memory 

3) Decision and action selection; selection from alternatives of actions 

4) Action implementation; execution of choice 

Each of these can be automated to different levels. Table 1 could be applied to 

each of these classes of automation, although the number of levels will differ. 

Although, the level of automation classes doesn’t have to be permanent; 

automation could be designed in a way so that different situations make the 

autonomy act differently. This is called “context-dependent automation” 

(Parasuraman et al 2000). Another name that might be more accepted is “adaptive 

automation” (Hancock et al. 1985; Parasuraman et al 1992, Rouse 1988). There 

has been much empirical research within this field, but it will not be investigated 

further in this report since its relevance to the purpose for this study is low. 

3.1.3 Interaction with autonomy 

There are different ways to interact with autonomy and trust is a major factor that 

guides this. Parasuraman & Riley (1997) distinguish four different types of 

interaction; use, misuse, disuse and abuse.  

To use automation means that the human operator chooses to activate automation 

by her own free will or to choose to use information provided by the automation. 

Lee & Moray (1992) and Muir (1988) both suggest that reliability and the human 

operators trust in automation is the main factors deciding if automation will be 

used or not. Other factors that also may influence this decision has been identified 

as quantity of workload, the risk involved in the situation (Riley 1998) and 

operator attitude toward automation (Mc-clumpha & James 1994). Figure 5 shows 

how factors that influence automation use interact with each other according to 

Parasuraman & Riley (1997). Solid arrows describe interactions that have been 

somehow verified with experimental data and dotted arrows are hypothesized 

interactions or interactions that depend on the system. It shows that the decision to 

use or not to use automation is very complex and highly individual. 
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Figure 5- Interactions between factors influencing automation use, by Parasuraman & 

riley (1997) 

 

Failures that emerge when automation is misused occur when a human operator 

relies too much on an automated system and uses it in situation when it would be 

better not to use it.  The human operator does not understand the limitations of the 

system or they fail to monitor its behavior. Especially failure in monitoring has 

caused a lot of accidents (Parasuraman & Riley 1997). This can be prevented by 

making state indicators of the system more salient. At the same time, Billings 

(1991) states that it is very important to keep the human operator informed of the 

automated system at all times, although it is important to differentiate between 

what should actually be communicated to the operator so that it doesn’t result in 

an increase in workload for the worker or that indicators will be ignored. 

Disuse of autonomy refers to underutilization of automation or rejection of its 

capabilities and is often caused by false alarms. When introducing an automated 

system to a worksite it is crucial that alert systems function properly, else the 

worker will not trust it. Parasuraman & Riley (1997) argues that when designing 

an alert system it is necessary to weigh the cost of a missed signal against an 

actual false alarm. Farber & Paley (1993) argues that the ideal alert system would 

be one that gives alert for any possible dangerous situations (for example a 

collision) even though it is likely to be avoided. Both disuse and misuse could 
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occur when there is not an appropriate reliance of the automation (Lee & See 

2004). 

Automation abuse can occur when functions are automated by designers and 

implemented by managers with no regard to the actual user or worker or the 

consequences that may follow when using the automation. This is often a case 

when the economic and technical drivers of implementing automation are valued 

higher than the human performance of the system. Although, these benefits could 

be cancelled out if the automation is abused. Abuse of automation could also lead 

to disuse and misuse. 

 

3.2 Introduction to trust from a sociological perspective 

To be able to analyze the relationship between humans and autonomous machines 

and how they build trust, a deeper understanding of the concept of trust is needed. 

People tend to react socially on technology and trust is an important factor for us 

humans to rely on the technology. No matter if we talk about autonomy or other 

humans - if we don’t rely on them, we tend not to engage with them. In the case of 

autonomy, the whole idea with implementing it will be useless if people do not 

use it or trust it. The statement that trust affects relationships between humans as 

well as between humans and automation is shared by many; Muir (1988) stated 

that the same factors that influences trust between two humans can influence trust 

between human and machine. Lee & See (2004) comes to the same conclusion 

and suggests that the attitude and emotions that has impact on human-human 

relationships also could affect human-automation relationships. Also Sheridan & 

Hennessy (1984) agrees on this. This calls for a deeper understanding of trust 

from a sociological perspective. 

There a certain things about trust that is relatively uncontested. First of all, trust is 

something that exists between two entities and it either holds or it fails (Nys, 

2015). If you do not have trust 100% in something, it basically means that you do 
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not trust it. When trust is dishonored, we can feel betrayed or disregarded (Baier, 

1986) and we react to that with resentment and a loss of trust. 

But what does it mean to trust? Govier (1993) states that “one believes that the 

trusted party is likely to act kindly and benevolent toward one, that she is unlikely 

to harm one, that she is well-disposed toward one”. This implies that some kind of 

positive expectation is involved in the process. We believe that the party trusted 

will somehow take our interests into account. 

Third, Nys (2015) states that trust also involve an assessment of competence in the 

trusted party. We avoid putting trust in persons or technology that we don’t think 

will meet our standards, regarding the task they are to be trusted with. Another 

interesting aspect of trust is brought up by Govier (1993) where he states that trust 

is always “open-ended” to some degree. This means that even if you trust 

someone to do something, like locking a door when they leave for example, you 

still somehow expect them to don’t lock the door if there was some kind of danger 

involved for yourself if they did. Baier (1986) explains this a “discretionary 

power” that we expect the trusted person to use. He argues that we expect the one 

we trust to assess their own competence (so that they won’t put us in a dangerous 

situation, just because we trusted them) as well as we expect them to be able to 

understand our interests when the situation changes unexpectedly.  

Trust is also related to vulnerability (Nys, 2015). By trusting someone, we put 

ourselves in a situation of certain risk or danger and by that increase our 

vulnerability. Baier (1986) defines trust as an “accepted vulnerability to others 

possible but not expected ill will”. This definition includes all the aspects 

mentioned above. Nys (2015) argues that “paradoxically, trust is a response to a 

vulnerability that involves making us even more vulnerable to the specific 

(trusted) party that needs to protect us from being so vulnerable.” 

Another definition of trust is made by Hardin (2006); “To say we trust you mean 

we believe that you have the right intentions towards us and that you are 

competent to do what we trust you to do”. This definition also includes both 

positive intentions and competence. He also brings up three models of trust; one 
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morality-based, one based upon dispositions of character and one based upon 

encapsulation of interests. The last one is of most interest; to trust someone means 

that you have a belief in that the person you trust have encapsulated your interests, 

in other words that they have the same interest as you in a certain matter. Worth 

mentioning is, that it is important to differentiate this from a scenario where your 

interests just coincide, because this is not a matter of trust. 

 

3.3 Trust in autonomy 

A large issue with autonomy today is that people often fail to rely on it properly – 

a highly philosophical issue. Despite this fact, it is the pragmatic and technical 

issues that dominate most of the available literatures within the field. Is has been 

widely discussed why and it seems that it is not due to lack of knowledge, rather a 

greater collective emphasis on the technological aspects of automation 

(Parasuraman & Riley, 1997). In the available literature there is also a lot focus on 

the human operator in partially automated technology, such as driver-less cars or 

surveillance systems of different kinds. There is not much focus on the human 

observer that doesn’t necessarily need to have any control what so ever over the 

automated machine or vehicle, but for various reasons are situated in the same 

area. 

Lee & See (2004) states that: “trust guides reliance when complexity and 

unanticipated situations make a complete understanding of the automation 

impractical”. This is true also in human-human interaction since we are such 

complex beings that could never be fully understood by one and another. In the 

context of automation trust is important because it affect how willingly people 

will use automation itself or the information provided by the automated machine. 

A lack of trust could result in disuse or misuse (as earlier defined) of the 

automation. The factor of trust is specifically important when automation 

becomes more and more complex and no longer consists of simple behavior and 
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clearly defined boundaries. Even if an automated system has proven to be very 

reliable it won’t be used if the human operator does not trust it.  

Lee & See (2004 p.51) defines trust as “the attitude that an agent will help 

achieve an individuals goals in a situation characterized by uncertainty and 

vulnerability”, where the agent could be either a person or automation of some 

kind. When we move away from simple technology and gets introduced to more 

complex solutions, trust plays a big role when people need to face the cognitive 

complexity and uncertainty of such technology. Rempel et al (1985 p.96) defines 

trust as an “expectation of technically competent role performance”. Different 

definitions highlight different elements and there are far more than those stated 

above. What are common for all of them is that they highlight either one of the 

following elements;  

1. An expectation of behavior of some kind  

2. A willingness to putting oneself in a position of vulnerability 

3. The question if trust is whether a belief, intention, behavior or belief. 

Lee & See (2004 p.54) uses the definition of “the attitude that an agent will 

achieve an individual’s goals in a situation characterizes by uncertainty and 

vulnerability” which is consistent with the three statements mentioned above. 

With an appropriate amount of trust, misuse and disuse can be avoided. Lee & See 

argues that this can be achieved when the amount of trust matches the 

automations true capabilities. Figure 6 describes how trust and automation 

capability is related. If the capabilities of the automation are greater than the 

amount of trust, this will result in distrust and disuse of autonomy. On the other 

end, if the trust is higher than the actual capabilities it will result in overtrust and 

misuse. Good resolution is obtained when an amount of system capabilities maps 

into the same amount of trust, and this is when trust is considered calibrated and 

the automation is used properly. 
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Figure 6 - Relationships between factors that defines appropriate trust in automation, Lee 

& See (2004) 

 

Lee & Moray (1992) argues that process, purpose and performance are factors 

that influence trust in automation. Process refers to how appropriate the 

algorithms of the automation are for a certain situation so that it can fulfill the 

operators wish. Purpose is related to how the operator uses the automation – if it is 

according to how the designer intended it to be or not and why it was even 

developed in the first place. Performance refers to the operations of the autonomy 

and what it does and includes predictability, reliability and ability. Lee & See 

(2004) states that trust is not only dependent on the three factors individually, but 

also of the relationships between them. Table 1 describes a summary made by Lee 

& See (2004) of different studies regarding these three factors and how they 

describe the basis of trust. It shows that all of the characteristics of the trustee 

could be categorized either as process, purpose or performance. 
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Table 1 - Summary of the factors that describes the basis of trust, Lee & See (2004 p.60) 
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4 Result 
 

In this chapter the results of the study will be presented. The factors of trust 

identified as crucial when introducing autonomous machines on a worksite are 

presented and later put into a conceptual model developed in the ME310 course. 

It will be further presented how these factors can be supported more generally in 

PSS development. 

 

4.1 Factors of trust at the autonomous construction site 

At a construction site where autonomous machines are introduced as new team 

mates alongside humans the following factors are crucial to obtain and maintain 

trust; 

1. Technical functionality of the machine; functions need to be developed 

and programmed into the automation so that they can perform tasks with 

no risk of harming humans or lowering the efficiency. This also includes 

sensors of any kind.  

 

2. Machine reliability; the functions of the machine needs to be reliable 

with low failure rates and low false alarms if the human is to put her trust 

in the automation. The machine needs to be consistent in both actions and 

movements. 

 

3. Predictability; the human observer needs to be able to predict the actions 

of the machine so that she can take necessary precautions to avoid 

accidents further. This aids further to trusting the machine when the 

technical functionality is not clearly apparent to the human.  

 

4. Transparency; the machine should not hide any decision making from the 

human observer when possible. Transparency is necessary to gain an 



32 

 

understanding of the machines “thoughts” which supports the shared 

mental model of machine and human. 

 

5. Appropriate communication channel; the human needs to be able to 

communicate with the machine to avoid a feeling of loss of control. A 

universal language is needed to do this, together with a predetermined 

communication line. In addition, the machine can choose to use this 

communication channel to display predictability and transparency. 

 

6. The shared mental model of human and machine; the shared mental 

model is an abstract entity that builds over time. The shared mental model 

can also be supported with education regarding how the autonomy is 

works and pattern recognition in the machine. 

Figure 7 shows the conceptual model of building trust that has been developed to 

illustrate how the factors above affect this and how they fit in to the large picture. 

The crucial factors determine how much trust is put into the autonomy by the 

human. The interaction is taken place and the outcome could either be an increase 

or decrease (misuse or disuse) in trust. This is an iterative process where trust is 

built gradually (or destroyed). The outcome of previous experiences with the 

autonomy together with the crucial factors determines the total amount of trust in 

the system. The crucial factors are constantly determining the basal trust and 

could change at any time if any the elements on which they are built upon are 

modified. The trust is with each iteration calibrated so that the trust matches with 

the systems true capability. 
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4.2 Supporting trust building factors in PSS development 

The factors crucial to obtain and maintain trust between humans and autonomous 

machines on a work site can be supported in PSS design; 

Use a system approach when designing; by considering the whole system of 

autonomous machines, humans, environmental factors and the interaction between 

them, a more efficient system can be developed in terms of a trusting 

environment. 

Design for appropriate trust; to avoid misuse and disuse of the automation the 

amount of trust needs to be well calibrated to the capabilities of the system. Too 

much trust can result in misuse with severe accident as a result.  

Start exploring ways to communicate early; how the machine and human 

communicate is crucial to building trust. Communication is the prerequisite for 

building trust in the first place and should be considered early on in the design 

process. An efficient way of communicating supports reliability, predictability 

and transparency.  

+/- 

Trust calibration  

over time 

Technical functionality 

Reliability 

Predictability 

Transparency 

Appropriate communication 

Shared mental model 

Trust in autonomous 

machine 

Human-machine 

interaction 

 

Outcome of 

interaction 

Figure 7 - conceptual model of trust building 
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Design to show intentions; when the machine shows intent the human observer 

can predict its movements and actions. This is necessary to avoid accidents and 

possible lowering of the machines productivity. This is especially important when 

the automation is complex and its algorithms or programming is not evident to the 

human. (also humans! diskusion) 

Design monitoring with the user in focus; how the monitoring of the automation 

should look like is very dependent on environmental and human factors. What 

kind of workplace do we design for? Who is the user and what are her tasks? 

When designing for monitoring it is also important to decide what information 

should be displayed and when. Easy monitoring is necessary to avoid overreliance 

in the autonomy. 

Enable feedback in system; to be able to improve the system and to display the 

reliance of the automation to the user an easy to use feedback system can be 

designed for the system. This could also help designers to calibrate trust in the 

system. 

Designing alert system; Alert system should be designed with caution. It should 

be clearly decided what alerts have priority over others and when and how these 

are communicated. An efficient way to avoid accidents is to use likelihood alarms 

that trigger if an accident is about to happen but not necessarily will happen. This 

also helps the human to understand what situations to avoid. 

Ensuring the shared mental model between operators, designers and 

management; when automation is used in ways that were not intended is often 

when disuse and misuse occur. If management don’t understand the reasons 

behind this, more tasks can be automated (abuse of automation) and a vicious 

circle has appeared. By ensuring that operators, managers and designers have the 

same attitude and understanding of process, performance and purpose this can be 

avoided.  
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4.3 Prototypes 

The PAW 

The idea of the PAW (personal assistant wristband) came initially from a 

computer game where the player wears a wrist mounted device which helps you 

in various different ways, such as with maps, quests and other information. 

The basic idea with the PAW was to: 

1. Help the user communicate with the machine 

2. Help the user predict the machines intentions 

3. Aid trust by making the machines decision making more transparent 

4. Help the user and the machine to be a more effective team 

The figure 8 below shows one of the first brainstorming sessions and what could 

possibly be included in this device. 

 

 

 

 

Figure 8 – The first brainstorming session with the PAW 
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The overall function of the service/product is to provide the user with: 

1. Human-robot and robot-human communication 

2. A sense of safety and trustworthiness toward the automated machines 

3. A good overview of the worksite (in terms of geographical boundaries, 

who and where machines and workers are and potential dangers) 

The initial functions that we wanted to be included in the PAW were the 

following: 

 To provide the user with contacts available for communication (by call), 

most called contacts and contacts closest to you (based on GPS) 

  A basic manual control feature of nearby machine and/or other useful 

technology on the site. 

  An understanding of what machines are on the site (what kind of machine, 

quantities etc) 

 The ability to stop the machines on site in case of emergency and call for 

the necessary help in case of emergency and/or accident 

 A graphical overview over the site in terms of a map and all machines and 

workers positions 

 The opportunity to personalize the service 

 An overview of the user’s health in terms of heart rate, level of stress, 

hours worked etc. 

The first iteration of the prototype was just a mobile phone in a wrist device used 

for running to get the idea of what it would feel like. Early on it was clear that we 

needed something smaller and sturdier given the worksites it was to be used at. 

For the second iteration Arduino was used to make lights flash together with a 

buzzer to alert the user of that something was happening. 
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Next iteration was a bit better looking but had the same functionality as the one on 

the picture above. Although it had no mounting device it was smaller and could 

communicate both through text, vibrations, sound and with lights.  

 

 

Figure 9 – Prototype iteration with the PAW 

Figure 10 – Prototype iteration with the PAW 
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When sharing this prototype we got positive feedback and when we discussed the 

functionality we wanted to implement in it people liked the idea with the PAW. In 

the ME310 project the PAW went back from Arduino to the initial phone we had 

in one of the first iterations. This was because we wanted to focus on functionality 

instead of looks and the phone was a great baseline for doing so.  

The PAW, later referred to as “wrist mounted display” will be further presented in 

the next chapter.

 

Figure 11 – The final version of the PAW 
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Safe zones 

The idea with safe zones was initially a stand-alone prototype but was later 

prototyped as an addition to the PAW. Safe zones simply means that when a 

worker is in close proximity to a machine there are different zones; The first zone 

is when the machine does not notice you at all and both the worker and the 

machine can continue on with what they are doing. But if the worker gets too 

close to the machine, a signal will be picked up from sensors that the worker is a 

nearby. The machine responds by maybe working a bit slower or not doing certain 

movements. If the worker gets even closer the machine stops. What we want 

communicated from the machine to the worker is the following basically; 

- “You are now entering my work area, please be careful” (Always 

communicated when the worker enters a specific range around the 

machine and will be the default display if for some reason the machine 

should lose track of you) 

- “I see you” (When the machine has picked up a signal from your PAW. As 

long as you are close to the machine this will be displayed to you so you 

know that the contact for some reason hasn’t been lost) 

- “ you are now very close and I will regulate my speed/movement/behavior 

so I don’t accidentally hurt you” 

Figure 12 below visualizes how the safe zones could work, seen from above. 
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Figure 12 – Visualization of the safe zones 

 

These warnings will be given to the worker so that he or she knows that they are 

in a too close proximity and that the machine will alter its behavior. This is to 

make the worker feel safe around the autonomous technology and prevent 

accidents. The first prototype of safe zones is shown below. It is made out of a toy 

car and some Arduinos. The idea was that the LED in front of the car could 

change color and visualize these safe zones for the worker. It became clear that 

this was not a good way to do it and other technologies was explored that might 

be better to do this, for example Augmented reality. 
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Figure 13 – First prototype of the safe zones 

 

The safe zones were later implemented in the ME310 course in the wrist mounted 

display and hard hat. Although, in the final prototype the safe zones are not 

visualized, the worker only gets warnings when entering or leaving different 

zones.  

The “Eye” 

When we interact human to human on a worksite it is always important with eye 

contact. When you for example cross a road there is nothing more comforting than 

that eye-contact, even though it only lasts tenth of a second. It makes you feel 

more secure because you know that the driver has seen you and you automatically 

trust the driver to apply the brake. The reason you trust a human (basically with 

your life) after tenth of a second even though you don’t know the person behind 

the wheel is fascinating; It’s because your brain is programmed on a very basic 

human level that there is morality within other human beings. So the question is 

how this is applicable on human-machine interaction when the machine has no 

such thing as moral. If we compare the example with the human crossing a road 

with a situation where the driver is replaced with a machine; how do the machine 

show intent? And how does it do this if the physical shape doesn’t include eyes? 
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(Like our autonomous Volvo machines) What will it take for you to trust the 

autonomous car when you know there is no moral inside of it? 

The idea of the “eye” came up when I felt that something was missing from the 

PAW. The PAW could be a good communication channel from human to machine 

and to some extent also from machine to human, but how does this solution 

increase trust and how does it aid a better collaboration between human and 

machine? Even though we believed it will increase the trust of the workers just by 

having a close-up and easy overview of the area and its machines and the ability 

to easily “talk” to whomever or whatever roams the worksite I wanted to 

complement this solution with something more that will aid in building trust. The 

idea with the “eye” was to “translate” the eye contact with something more 

suitable for a machine. We want the machine to communicate to the human that “I 

see you” and we also want this to be communicated with a universal language that 

everyone can understand. If we were to communicate more advanced things we 

would probably need to use text or speech but since this is not the case here we 

can instead use colors, lights or vibrations or a combination depending on what 

worksite we are on. One of the first prototypes containing this all-seeing eye was 

made out of Arduinos and a plastic cup with an actual eye on. This was put on a 

plastic car and the idea was that the eye would look at you when the machine 

picked up that you were nearby. This worked, but what if you couldn’t see the 

actual eye? We switched to LEDs, but after experimented and prototyping with 

them for a while we figured that we will have a problem if there are several 

workers in the same area, and a better solution would be to attach the LEDs to 

each worker instead. The idea was like earlier stated to put this on the PAW, but it 

could also be put on other existing equipment such as inside the helmet where you 

will always see the lights (in a way that doesn’t disturb you or forces you to shift 

your attention elsewhere). The drawbacks with having it on your PAW are that 

you might not always see it, especially if you have the PAW underneath a piece of 

clothing in which case it doesn’t help to add vibrations either (since you won’t see 

the LEDs). In that case it might be better to mount the LEDs inside your helmet, 

where you will always see it in the periphery without having to think about it too 

much. In the ME310 course the all-seeing eye ended up as a machine pod with 
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lights on top of the machine but also the lights inside the helmet to avoid the 

problem we encountered when prototyping. The pictures below show how the 

initial idea with the eye turned out. To the left is the machine pod with the “eye” 

and to the right is the hard hat with LEDs. 

 

Figure 14 – The pod and the hard hat 
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1.1 The ME310 project system design 

As a team in the ME310 course we came up with a solution that will aid in the 

transition to fully autonomous worksites. Our product is called cx.Link and will 

provide connectivity to all the functional components of a job site. The system 

provides multiple layers of communication in a non-intrusive way for the workers. 

The solution consists of a machine pod, working as the “brain” of the system, a 

hardhat and a wrist mounted display which will be described in this chapter. 

The system will; 

Increase trust between humans and autonomous or partially autonomous 

machines 

- Transfer information in a form that is not distracting to the user 

- Provide the worker with the ability to take partially control over the 

machines 

- Improve the workers awareness of the machines intentions 

- Be durable, lightweight and reliable 

The system developed is designed with an emphasis on communication since this 

was the most important factor identified by the project team needed to create trust 

between humans and autonomous machines. In figure 15 the system vision is 

illustrated. It consists of an overhead camera, a command center, a wrist mounted 

device, a hardhat and a machine pod attached to the machine. The functions of the 

elements will be further describes below. Figure 15 shows the wrist mounted 

device, the hardhat and the machine pod. 

The overhead camera will take photos of the worksite and send to the command 

center where the information will be processed and sent to the wrist mounted 

display on the worker. All human workers and autonomous machines are tracked 

through GPS. The machine has GPS integrated in its machine pod and the workers 

have it in their wrist mounted device. The wrist mounted device will display the 

map and all the machines and workers on the site and also what they are doing 

and what direction they are moving. The wrist mounted device will act as a 
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personal assistant to the worker and include a lot on functions. This includes the 

map, information about all machines and its sensory data, an option to shut down 

all machines in a given area around the human in case of emergency and also 

complimentary functions, for example the ability to call other workers on the site. 

It also has built in vibration- and sound alert-system. 

 

 Figure 15 – The system vision (above) and the wrist mounted display, machine pod and 

hard hat (below) 
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The hard hat has been modified with attached LEDs in the front, visible to the 

worker. The LEDs shows different color depending on the situation. Rapid blue 

pulsating means that the helmet is connecting to the system, slowly pulsating 

green means that the worker is connected to the system and that everything works. 

Red rapidly flashing lights means that a machine is in near proximity to the 

worker. The hard hat also has integrated bone conduction that can send sound 

warnings. On the machine there is a pod with industrial LEDs on top. The pod is 

also connected to the system and will change its light from green to red if a human 

is nearby. This is so that the human worker will know that the machine has picked 

up the presence of the worker. The pod has also a camera that can be accessed 

through the wrist display. The human will get warnings both through sounds, 

vibrations and visions. 

More information about the product can be found at 

http://www.me310volvoce2016.com/ . 

  

http://www.me310volvoce2016.com/
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2 Discussion 
 

In this chapter the result will be further discussed and analyzed. The method will 

also be discussed and thoughts of future work. 

 

2.1 Delimitation discussion 

The scope for this report has been to explore how the people on a worksite could 

be affected by implementing fully autonomous vehicles with an emphasis on trust 

and how products and services can be developed with this in mind. This means 

that additional aspects related to the problem have been neglected.  

In this report it has not been investigated how teams are affected – focus has been 

on the individual and her reactions to autonomy. Due to the multi-faceted nature 

of trust and the fact that trust could potentially have different meanings to 

different individuals, the result is highly generalized and cannot be directly 

applicable on a single individual rather be seen as general framework for a work 

site with autonomous machines.  

The data collected from various sources has been made in Sweden and USA. No 

standpoint has been made regarding cultural differences even thought it was 

obvious early on in the process that there are big differences in terms of 

workplace and worker culture compared to other parts of the world. This is 

something that has not been included in the result, which means that an evaluation 

regarding these aspects and possibly adjustments needs to be made if the result is 

to be implemented in a specific work place. 

Pragmatic issues with autonomy (Asher & Post, 1964; Edwards & Lees, 1974; 

Parsons, 1985) are not taken into account and neither is economic issues related to 

implementing autonomous vehicle on a worksite.  
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2.2 Result discussion 

The result of this thesis is an identification of the crucial factors that is needed and 

supported at a work site with autonomous machines and humans in order to create 

trust. This result is put into context with a conceptual trust building model and a 

explanation how these can be supported in PSS design development. The system 

developed in the ME310 project is partly based upon this result. 

To determine the crucial factors that will build and maintain trust on a work site 

with heavy autonomous construction machinery and human workers all elements 

of this scenario needs to be disassembled and analyzed. To be able to highlight the 

differences between a construction site today and tomorrow a comparison was 

made. This was done on a fundamental level to be able to pinpoint these 

differences that have an effect on the human and its trust towards the machine.  

Humans started developing tools because we needed more efficient ways to 

perform a certain task. With time the tools became more and more advanced and 

at one point we got the point where it was no longer to perform the wanted tasks 

because of our physical limitations – we were too weak. Instead we developed 

machines to do the work for us, but we still maintained in charge of their actions. 

Today we have gone even further; with the help of autonomy we gradually 

disconnect the worker from the task. So what exactly happens in this transition? 

An autonomous machine is basically, in all its complexity, just a tool for the 

human to perform tasks she is not able to perform herself. A closer look on the 

relationship between human and tool helps to identify what changes in the 

transition to autonomy. Figure 16 describes a scenario where the machine is 

operated by a human. Figure 17 illustrates the changes when scenario A 

transitions to scenario B; a highly autonomous scenario where the machine is fully 

autonomous with no human driver. The driver is instead located remotely to the 

machine. In scenario B no actions has been taken what so ever, except removing 

the human operator from the machine. 
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The human observer in scenario A puts her trust in the human driver. She believes 

that the operator is likely to act kindly and not to engage in actions that could put 

her in harm’s way. She also believes that the operator has competence in 

operating the machine. The observer communicates with the operator by voice 

(radio or telephone), hand gestures or eye contact. The observer has no control 

over the vehicle and cannot obtain any information about its actions or movement 

without engaging with the operator. The human machine operator has full control 

of the vehicle and trusts the observer to not put herself in dangerous situations. 

She also trust in her own capabilities and that the machine will obey her orders 

and function appropriately.  

The observer in scenario B is now forced to put her trust into automation, but 

there is no returned trust. The observer still has no control over the vehicle and 

human-human communication has been replaced by human-machine 

communication. The operator that was formerly operating the machine is now in 

remote proximity to the machine and has no control over it. Instead of putting 

trust in her own capabilities she now has to put her trust in automation. 

If these two scenarios are compared it is clear that some of the involved factors 

has changed;  

1. There is an evident loss in control;  

2. The communication is altered; because the operator is removed there is no 

longer a way to communicate with the machine either for the operator or 

the observer 

3. Both operator and observer is forced to trust that the automation functions 

properly instead of trusting a human entity 
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Human-human trust 

No control over vehicle 

Human-human communication 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 – Scenario A 

 

These three changes will all result in a loss of trust. The loss in control means that 

we are putting ourselves in a greater position of vulnerability and that we have no 

control over the outcome. The fact that we cannot communicate with the machine 

makes us even more vulnerable and adds to the decrease of trust. Putting yourself 

in a vulnerable position is easier with a human than a machine; we know 

instinctively that the human has your interests in mind, whereas the machine we 

do not. A further development of these 3 statements gives us the factors that are 

Human worker or observer 

Machine with human operator and no autonomy 

Full control 

- Trust in own 
capabilities 
- Reliance in 
technology  
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Human-automation trust 

No control over vehicle 

No communication 

crucial if trust is not to be lost on a worksite where autonomous machines are 

introduced; 

 Technical functionality of the machine 

 Machine reliability 

 Predictability (intent) 

 Transparency 

 Line of communication  

 The shared mental model of human and machine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 – Scenario B 

 

Human worker or observer 

Autonomous machine and disconnected operator 

No control Human-
automation trust  
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When 100% control is not obtainable, focus is put on the technical functionality of 

the machine and its reliability. This is also important to avoid Also the ability to 

predict the actions of the machine helps reduce the feeling of control loss. To 

communicate with the machine it is crucial for trust to be built and maintained and 

transparency and predictability supports an effective communication. 

The problem outline that was given in the ME310 project clearly stated that our 

mission was not to re-invent or somehow alter the automation itself, rather 

creating trust between humans and automated machines. Because of this, some of 

the crucial factors identified in the result was not focused on during the ME310 

project and is not included to a large extent in the end result. The technical 

functionality of the machine and its reliability has all along this project been the in 

the hands of VCE, whereas the other factors has been integrated to our system. 

Predictability, transparency, communication channel and support for the shared 

mental model of human and machine are all included factors in this design 

solution. It is also designed so that trust will be built upon several factors. When 

trust is dependent on a single factor is will be more fragile than if it is based upon 

several factors that can generate trust. 

It is very important to VCE that people rely and trust their machines. Trust is also 

closely correlated to all of their core values; safety, quality and environmental 

care. If a human will not trust an autonomous machine it will result in misuse and 

disuse of a machine which could potentially be dangerous to the human. Misuse 

or disuse could also result in the autonomy is used incorrect and in ways that was 

not intended by designers which could also lower efficiency and an increase in 

fuel consumption for example. Trustworthiness can also be connected to a brand, 

another reason why trust is so important for a global company like VCE. 

One important aspect about the ME310 system design and also automation in 

general is the wish to remove the operator from the machine. This is done by 

technical or economic drivers most of times but another driver could also be that 

you want to increase safety in the machines and its surrounding by removing the 

human error from the equation. It is important to understand that it is never 

possible to remove the human error; by removing the human error in terms of the 
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operator you replace that error with one made by a designer. The system becomes 

more vulnerable to design error than operator error and this is a design-trade off 

that needs to be addressed in the process. 

The table below show how and what influenced the result of this thesis and to 

what extent. Yellow means it influenced the result in some way, but may not have 

been the most important factor. Green means it influenced the result in a large 

way.  

Table 2 – Visualization of factors and their influence 

 

 
Initial 

prompt 

Theoretical 

framework 

Prototypes Interviews Observations 

Technical functionality of 

the machine 

     

Machine reliability      

Predictability (intent)      

Transparency      

Communication line      

The shared mental model of 

human and machine 

     

 

The technical functionality of the machine as well as machine reliability was both 

influenced by the same sources and as the table visualize they are a bit separated 

the three other factors. As earlier stated, VCE made it very clear early on that 

these factors are very important to them and their machines and that they should 

not be focused on in this work (but not by diminishing them). Theory also 

emphasizes the need of stable and reliable technology, especially when it comes 

to trusting it. For example, Lee & Moray (1992) argues that process, purpose and 

performance are factors that influence trust in automation. Also interviews and 

observations contributed to this result as well to some extent, when workers stated 

that they would never trust an automated machine (or any machine at all for that 
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matter) unless they knew they were absolute fail safe and carefully tested and 

evaluated before taken onto an actual work place.  

The factor of predictability was based upon both theory, prototypes, interviews 

and observations. Some of the definitions of trust in the theoretical framework 

include expectations of some kind, whereas a clear intent from the machine will 

aid the human in validating this expectation. With several prototypes (see 

appendix 1) testing also showed that predictability was important. Both interviews 

and observations also added to the same conclusion that predictability was an 

important factor on the worksites. Both when there was a lack on predictability, 

such as when we not allowed to walk behind vehicles, and when several 

interviews showed that communication was made through hand gestures to show 

which way you were headed.   

Transparency is crucial in any relationship where trust needs to be established 

according to science. Lee & See (2004) suggests that the attitude and emotions 

that has impact on human-human relationships also could affect human-

automation relationships, which could suggest that transparency is also important 

in human-machine interaction. The need for transparency of the technology to 

support trust building was also validated through prototyping to some extent; for 

example by making it clear to the worker if the machine was watching you (or 

something else). This was done by putting a light on top of the machine to act as 

an “eye” that communicated what the machine was doing and where it was 

acquiring its data for information analysis (Parasuraman et al 2000). Interviews 

also added to this conclusion when some workers stated that they wanted to know 

exactly what the machine was “thinking” and doing in order to trust it. 

A solid and reliable communication line was one of the factors that was clearly 

evident early on in the process and was one of the factors that was focused on in 

the group project early on. To be able to build trust you must be able to interact 

with the target in some way, where some kind of communication is needed. 

Because of this, communication is often referred to as the enabler of trust 

building. This was confirmed with several prototypes (see appendix 1) during the 

process and both interviews and observations pointed to the same conclusion. 
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Without proper communication, the work sites would not be functional. Although, 

communication between humans differ from communication between humans and 

machines and it was evident that some kind of universal language should be 

needed when designing. 

The shared mental model of human and machine is something that will have to 

build over time. The shared mental model between humans are what we could call 

an effective teamwork; you know your co-workers and what they are thinking and 

might do almost instinctively because you have worked together a long time. This 

would have to be supported when transitioning to human-machine teams but it is 

evident through observations on various work sites what big of an importance 

good teamwork really have. A lot of prototypes also showed how important it is to 

support the shared mental model by designing in smart and intuitive ways. 

By looking on table 3, it might seem tempting to rank the different factors 

according to how many different sources contributed to or validated them. It is of 

course a good thing to validate the result by gathering data from several different 

sources, although it is of the author’s belief that the result the ranking may have 

come out differently if for example other prototypes were made. Also interviews 

and observations are hard to evaluate when it comes to matters (such as future 

construction sites) that still doesn’t exist. The initial prompt was also very free to 

interpret because VCE did not want us to be “colored” by any of their own beliefs 

and ideas and by that be limited in the design space. But if asked procedural, they 

would most likely agree to the fact that for example teamwork is very important to 

them. This is why the table above should only be seen as a visualization of where 

the data has been gathered and on what the results in this thesis are based upon. 

2.3 Methodology discussion 

This thesis has been conducted at the same time as the ME310 project where an 

iterative design process has been used. The project started several months before 

the thesis officially started so some data was already gathered at this point. The 

same methodology used for research in the ME310 project was also used in this 
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thesis since the same topic was investigated. The research has been both 

descriptive and analytical since there is already available literature within the field 

on autonomy and trust. Although it has been an anvantage to use both research 

types so that the analytical part could be validated with descriptive type data.    

The problem investigated has been very abstract in some sense and the 

engineering tools at hand have not always felt accurate or sufficient. Although, by 

using the iterative design process it has been possible to work around this 

problem. By testing theories and ideas it has been possible to sort them out and 

validate the ones of interest even though the somewhat abstract subject. 
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Appendix 1 – Data from interviews and 
observations 
 

[The following site visits are conducted in Sweden and are consequently in 

Swedish] 

Cementa, öland 

- Vi pratade med Claes Kollberg (C.K) och fic ken rundtur över området 

- Cementa är ett råmaterialsuttag för kalksten 

- Utvinner ca 400000 ton per år 

- Volvos maskiner används i den del av processen som ser ut som följande; 

Brytning av kalksten  transport  kalksten krossas  transport  

förvaring 

- ”Vi lever i en resursbegränsad värld i förändring mot hållbarhet” – C.K 

- C.K ser framtiden som elektrisk och förarlös och anser det i deras fall 

skulle vara ett ganska enkelt jobb då det i princip består av transport  

- Kommunikationen på arbetsplatsen var bra enligt C.K, arbetarna känner 

varandra väl 

- 4 personer skulle i teorin kunna driva hela verksamheten själva 

- Det finns skaderisk när man tar sig in och ut ur maskinen enligt C.K 

Egen reflektion efter besöket 

Det var tråkigt att vi inte dick prata med någon förare av fordonen, vilket vi hade 

hoppats på. Vi fick prata lite med några andra arbetare och de bekräftade att det 

var god kommunikation på arbetsplatsen. Området har stora ytor och inte mycket 

människor; det hade kunnat vara ett bra område att testköra autonoma fordon för 

transport. Kommunikation och lagarbete verkar vara grundläggande faktorer för 

att arbetet ska fungera på arbetsplatsen 
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Skanska ESS, Lund 

Vi pratade med Henrik Andersson (site manager) och fick sedan en rundtur på 

byggarbetsplatsen där vi fick prata med några arbetare 

Intervju med Henrik Andersson (H.A) 

- Det jobbar ca 400 personer på ESS byggarbetsplats 

- Det största problemet med olyckor var då människor som inte är vana vid 

stora maskiner är inblandade, då de kan sakna respekt för dem och inte 

inser allvaret i storleken av dem och vad som kan hända om man inte är 

observant 

- Man kommunicerar ofta med ögonkontakt och tummen upp när man går 

över trafikerade vägar 

- H.A såg en stor skillnad mellan t.ex. svenska och polska arbetare då de 

ofta har väldiga olika bakgrunder och kulturen är anorlunda på 

byggarbetsplatser i de olika länderna. Däremot var ofta handrörelser 

detsamma oavsett vilket land man kom ifrån. 

- När man är nära en maskin är det viktigt att få det bekräftat avv den som 

kör maskinen vet att man är i närheten 

- En gång i månaden tas en överskådlig bild över arbetsplatsen med jälp av 

flyg eller helikopter så att man alltid har en överskådlig bild över olika 

platser på arbetsplatsen 

- Hjärmarna på arbetarna var olikfärgade beroende på ens roll på 

arbetsplatsen 

- Det blir ofta grupperingar på arbetsplatsen, trots att det är krav att alla ska 

prata engelska. Detta var något som Skanska jobbade aktivt med att 

förebygga med t.ex. gemensamma möten. 

- För att förebygga olyckor arbetar Skanska mycket med att stängsla in 

områden eftersom det är till synes det mest effektiva sättet för människor 

att inte gå där de inte ska gå 

- Även gångbanor används på arbetsplatsen 

- Skanska har en policy som säger att det är som är på marken som har 

ansvaret att se till att maskinisten ser hen och inte tvärtom 
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- Det är mobilförbud på arbetsplatsen 

- Kommunikationen görs genom radio där olika områden har olika kanaler 

- Utöver maskinernas vanliga varningssystem finns okså varningsljus 

ovanpå maskinen, dessa har man dock valt att inte använda p.g.a. antalet 

maskiner på arbetsplatsen. Detta blinkande ljus uppfattas som ett 

irritationsmoment hos maskinoperatörerna 

- Maskinerna har en nogrannhet på ca 3cm 

 

Intervju med maskinoperatör och markarbetare 

- Kommunikationen sker oftast genom att vifta med armarna och skrika 

på varandra då det är mycket onödigt snack i radion 

- Även mobiltelefoner används som kommunikationskanal 

- P.g.a. höga ljudnivåer har de inte hittat något bra och billig teknik som 

fungerar för dem 

- Autonoma maskiner kommer inte finnas  på framtida arbetsplatser. 

Exempel ges på hur man skulle lösa t.ex. en vattenläcka eller något 

helt oväntat 

- De understryker att deras arbete är väldigt situationsanpassat och tror 

därför inte att autonoma maskiner skulle kuna utföra deras arbete 

- Ofta stängs maskiner av för att man ska kunna kommunicera mer 

avancerade saker, annars räcker det ofta med ögonkontakt eller en 

nickning 

- Man har testat att använda en GoPro på grävskopan då grävarens arm 

varit så lång att operatören inte sett vad han gjort. Detta hade fungerat 

sådär då operatören hade fått kolla på sin mobiltelefon, men man såg 

potentialen i att utveckla en kamera på maskinen 

- För att operatören ska se runt om tittar han, inga kameror finns 

- Operatören tycker att det kanske hade varit bra med kameror runt om, 

men att det kanske skulle avleda hans uppmärksamhet från själva 

arbetet och dessutom sätta mer press på honom 
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Egen reflektion efter besöket 

Det är tydligt att arbetarna har en annan syn på hur arbete och kommunikation 

fungerar än var site managern har. Det verkar vara viktigt med en bra 

kommunikation och att arbetarna känner varandra. Något som både arbetare och 

site manager var överrens om. Det var väldigt intressant att se de olika 

reaktionerna när man tog upp ämnet med autonoma maskiner, de var inte positiva. 

 

[The following site visits are conducted in the USA and discussed, analyzed and 

visualized with pictures and movies over Skype] 

GSB Highland Hall Construction Site 

At the GSB Highland Hall construction site we met with David, one of the job site 

managers. David has twenty eight years of experience in residential, high-rise, and 

bio-tech construction. Before becoming a manager, David was a machine operator 

and has experienced with a wide variety of machines. From our interview, we 

learned that hand signals are extremely important for communication, especially 

for machine operators. The construction industry has a standard set of hand 

signals; some apply generally while others apply to specific machines such as 

cranes. David also indicated that although walkie-talkies are sometimes used, they 

are very unreliable. Noise levels are often too high for the walkie-talkies, 

especially since workers are wearing earplugs. Additionally, David indicated that 

they inevitably run out of batteries or experience interference. These findings 

further stress the importance of hand signals and other physical communication 

methods such as eye contact. In recent years, many sites have started using smart 

phones and ipads for communication. Most workers have smartphones and rather 

than communicating over walkie-talkies, David often sends his team task 

assignments and other information over the phone. As a manager, David indicated 

that it is often important for him to know where members of his team are located 

on the site. There is often miscommunication between workers about location and 

David suggested this as a potential opportunity. Additionally, from the GSB 

construction site visit we learned that workers have an implied sense of trust 
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between each other. They all know that they were trained for the job and assume 

everyone is competent. Furthermore, workers often do not even know members of 

other teams and still trust each other. David emphasized that nothing would get 

done if workers did not feel comfortable working around and relying on each 

other. In addition to touring us around the job site, David provided us with his 

own opinion on the future of autonomous construction. He indicated that he 

believes that there is a lot of opportunity in road and highway construction where 

tasks are repeatable and the sites are less chaotic. Similarly, demolition and soil 

removal in early stages of the construction are both tasks that require less 

precision and will likely be early adopters of automation. One of the most 

common vehicles found on the job sites is a telehandler which is often used for 

moving materials around. This is another function that could be automated. Also, 

David indicated that currently, the cost of equipment is much higher than the cost 

of labor, so in order to be cost effective, autonomous construction vehicles on 

future sites will have to do more than just replace the worker (especially since 

autonomous vehicles will likely cost even more than current machines). Lastly, 

David recommended we consider 3D printed buildings as a technology that may 

be common on future job sites. 

 

Stanford Hospital Construction Site  

Although the Stanford Hospital construction site is larger than the GSB Hall, we 

received similar information from our tour. The tour guide stressed the importance 

of eye contact; in fact, she stated that she does not cross in front of vehicles before 

she makes eye contact with the machine operator. Additionally, she emphasized 

the importance of hand signals and difficulties associated with walkie-talkies. 

However, she did indicate that walkie-talkies are widely used on the site despite 

the challenges associated with them. 
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Cogeneration Power Plant Demolition 

To better understand demolition sites, we visited the cogeneration power plant job 

site. At the demolition site, we met with Nic Durham, a site manager. We also met 

with Freddie, another site manager, and Nolan, a construction worker. The site 

was approximately halfway through the demolition process. There were many 

excavators, haulers, and trucks on the site. During our tour we learned a lot about 

the different machinery and tasks associated with demolition. For example, the 

excavators have four common attachments: shears, claws, buckets, and hammers. 

Additionally, we learned about the importance of material sorting for recycling 

and resale in the demolition process. The sorting is a tedious process, especially 

rebar removal from concrete, and Nic believes there is room for automation in that 

area. The metal is more cost effective to resell in small pieces. In regards to safety 

and worker communication, our interviews with Nic, Freddie, and Nolan again 

emphasized the importance of eye contact and hand gestures and difficulties 

associated with walkie-talkies. We also learned that the machines often 

communicate with hauling trucks using horns. As the hauling truck approaches a 

machine to be loaded with material, the machine operator honks at the truck when 

it is in the correct position. We also learned that workers often throw rocks at the 

machine operator vehicles to get the operator’s attention. We also witnessed 

machine operators open their doors and simply yell from one machine to another. 

These were clear indications that communication is both a big need and an 

opportunity. The demolition site has a lot of coordination and moving parts. As 

shown in figure 3.7, field guides coordinate with machine operators using hand 

gestures. Consistent with our previous interviews, we found that Nic and Freddie 

both spoke very highly of the machine operators. The machine operators are 

typically very experienced. Nic even pointed out one excavator positioned 

extremely close to the edge of a drop off and stated that only the machine operator 

knows how close is safe, he can “feel” the dirt strength underneath him. 
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PS10 site  

To explore more specific needs, we visited the PS10 site. At this site, we met with 

Jasmine McMahon, the project engineer. During our tour, we learned a new point 

of view. While the workers and site manager had less concerned with safety, 

project engineer tended to be more concerned and was less trusting of the giant 

machine on the construction sites. While we were talking on the construction site 

a crane lifted a large object in the air and passed above our head. While Jasmine 

saw the object, she was scared and ran away from the object. On construction 

sites, workers are not supposed to stand under the crane path because the load 

may fall. The incident demonstrated again that increased trust will be necessary 

on future construction sites as more and more workers on future site will be 

similar to Jasmine. Future sites will likely include less field workers and more 

project engineers, survey engineers, inspectors, repairman, etc. 
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