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Abstract 

This thesis is an exploratory study of technology use among the elderly. The study is 

part of the MECS (Multimodal Elderly Care Systems) project. As part of the study, 

qualitative data has been collected using multiple methods such as field studies, 

observations and interviews, all in the context of the homes of our participants, who 

belong to a variety of age groups and have varying previous exposure to digital 

technology. Commercially available robot vacuum cleaners were provided to the 

participants, and the data gathered for the study, was primarily focused on the 

experiences our participants had with their robot vacuum cleaners.  

 This study identifies several barriers that may hinder the use of technology, as 

well as factors that encourage the use of technology. Among the factors that attract users 

to technology, the desire for independent living had been found to be important both for 

the elderly and younger participants. On the other hand, the barriers, one way or 

another, affect the amount of trust a user has toward the technology, which in turn is a 

deciding factor for how much the user will use a particular technology. Many of these 

barriers are not exclusive to the elderly and can apply to many different user groups. 

Hence, the fact that many elderly are reluctant to use new technology is not only a 

reflection of their use situation; rather it is also a reflection of the deficiencies in the 

design of the technology itself. 

 Many steps can be taken to build trust between users and technology, one of 

which is to create a better understanding of the technology, through better 

communication with the user. This study explores the different ways communication 

between humans and autonomous devices could be ameliorated, through proper 

feedback. Based on the identified barriers, possible considerations are discussed for 

deciding what kind of feedback should be provided by a given technology. 

Keywords: HCI, HRI, trust, older adults, feedback, welfare technology, technology use 
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While younger generations, that grow up with easy access and exposure to new 

technological artefacts, may easily use new technology, it is often challenging for 

adults, especially elderly adults, to do the same. This leads many individuals to refrain 

from using new technology, resulting not only in social isolation, but in many cases also 

creating barriers that prevent access to critical services such as healthcare. In Norway, 

due to a growing elderly population, the gap between those in need of healthcare 

assistance, and the availability of such assistance, is increasing. The motivation for this 

thesis is the fact that as advancements in information technology are occurring at an 

unprecedented rate, so is society's dependence on these technologies. Technology can be 

seen as one of the solutions to closing the gap, enabling better utilisation of the 

available healthcare resources. But in addition to developing technology that addresses 

this issue, there needs to be an effort to increase the actual use of these technologies 

amongst those that are affected, which seems to be lacking. There needs to be a better 

understanding of not only how to develop technology that is beneficial to elderly in 

need of care, but also what will allow the elderly to take these technologies into use. In 

our attempt to explore this issue, we have taken a qualitative approach to our research, 

and worked closely with our participants. In addition to enriching our understanding of 

technology use, we were also able to publish some of our work in the proceedings of the 

10th Nordic Conference on Human-Computer Interaction (Newaz & Saplacan, 2018). 

1.1 Background 

It is important to get an understanding of the current situation of the elderly and their 

access to healthcare personnel as well as how it may develop in the near future. By the 

year 2050, more than 21 percent of Norway's population is expected to be over 67 years 

of age (Ramm, 2013). In order to provide proper healthcare for this age group, there will 

be an increased need for doctors, nurses, and elderly care institutions, whose capacity is 

already strained (Haugan, 2016; Ramm, 2013). One must also refer to the history of 

Norway and its recent developments. Norway is one of the wealthiest nations globally, 

and spends a large share of its national budget to support its elderly population, much of 

which is spent towards implementing new technology (although this may vary across 

!2



1 Introduction

Norway's many municipalities). However, one must not overlook the fact that Norway's 

wealth has only been around since the early 70's, and furthermore, the presence of 

information technology in daily life is a fairly recent phenomenon. This major shift in 

the nation's wealth forms the basis for an elderly generation that has had a completely 

different lifestyle than the younger generations of today. Thus, their understanding of, 

and attitude towards technology are poles apart.  

 Existing quantitative studies have helped establish the fact that the elderly are a 

vulnerable group with regard to technology use. Older adults are the most reluctant to 

use new technology (Slettemås, 2014; Czaja et al., 2006), have the most difficult time 

learning how to use new technology (Charness, Kelley, Bosman & Mottram, 2001), and 

are, according to industry analysts, the user group that is least prioritised by mainstream 

technology companies when designing products (Bahat & Poo, 2017).  

 While the numbers are important, they say very little about the specific barriers 

and opportunities that the elderly face. Thus, turning to more qualitative research 

methods can help us explore the underlying reasons behind the statistics. The low 

number of qualitative research in the field, (Jenkins & Draper, 2015; Broekens, Heerink 

& Rosendal, 2009), compared to the large quantity of quantitative studies (Zafrani & 

Nimrod, 2018), inspired us to take a qualitative approach. Some of the challenges with 

conducting qualitative research, especially in a home setting, include gaining the trust of 

the participants and gaining access to their homes. Qualitative research also requires 

time and persistence, resulting in deeper insight into specific cases, individuals and 

phenomena. We were fortunate to have the time, resources and access to participants, 

that allowed us to conduct our research the way we did. 

1.2 Research Question(s) 

This thesis has a central goal of exploring the possibilities of improving the lives of 

older adults through technology. In order to provide sustainable care services for a 

growing elderly population, society may resort to using technology, possibly in the form 

of robots (Tørresen, 2016). However, just the introduction of new technology will not 

single-handedly solve the various challenges related to the lack of human resources for 
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elderly care. Any new technology can only be successful if and when it is actually used 

by those for whom it is intended. With regard to elderly care technology, it is imperative 

that the elderly are comfortable with, and willing to use the technology that is provided. 

One must, thus, start with understanding what we are trying to achieve. With the help of 

technology, we want to enable older adults to live independently, longer. This leads us to 

our first research question. 

What does "independent living" mean for the elderly? 

As human beings, we are social creatures. We often desire and require assistance, which 

leads us to collaborate with others. Nevertheless, we all want to be able to do certain 

things on our own, without help. In trying to answer this research question, we will 

investigate what some of the reasons may be behind this eagerness to be independent 

and also explore whether there are specific tasks and activities that are associated with 

independence. We will also look at how the wish to live independently may affect and 

be affected by a person's relationship with other people as well as technology. Through a 

theoretical and conceptual discussion, we will attempt to define the much used concept 

of "independent living" and its significance for older adults on a larger scale. 

What factors can help build or break a user's trust toward technology? 

When working together on any task or activity, it is imperative to trust one another.   

Research has shown that trust plays a crucial role not only for collaboration between 

humans, but also in facilitating collaboration between humans and technology. In 

answering this question, we explore the underlying factors that can be addressed to 

build trust toward a certain technology. We also explore how these factors may, at times, 

be a reason for distrust and become a barrier for technology use. This understanding 

will further enable us to see the significance of trust with regard to technology use. 

 In what ways can feedback be incorporated into technology in order to build trust 

and facilitate technology use? 
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1 Introduction

Building on our understanding of the first two research questions, we ask one final 

question in order to explore what action can be taken to mitigate the issues we have 

uncovered. We chose to focus on the design principle of feedback and explore the role 

feedback mechanisms can play in addressing the factors that affect user trust. We will 

discuss concrete examples of feedback mechanisms and suggest improvements with 

regard to design and implementation, taking into consideration the fundamentals of 

Human Computer Interaction research. 
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1.3 Overview 

This thesis will follow the structure below: 

Chapter 2 - Case includes a description of the MECS project, the robot vacuum 

cleaners used in the study, and the participants. 

Chapter 3 - Theory presents prior research that can be relevant to our case. This 

includes, but is not limited to, related work, theories, and phenomena in the fields of 

CSCW and HRI.  

Chapter 4 - Methodology presents how the study was approached. The chapter also 

describes the techniques that were used, how different activities were conducted, how 

the data was analysed, and the various challenges encountered during the study.  

Chapter 5 - Analysis and Findings presents the relevant empirical data gathered.  

Chapter 6 - Discussion is a presentation of the implications of the empirical data in 

relation to the theoretical framework and the research questions.  

Chapter 7 - Conclusion summarizes the thesis and discusses the possibility of future 

work. 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To fully understand the concept of technology use, may not be a simple task. However, 

as with any challenge, the key to overcoming it is to start with small steps, which in our 

case is the MECS project. This chapter describes the MECS project, the artefacts used 

to conduct research activities, and the participants that were part of the research. 

2.1 MECS Project 

The research done for this thesis is part of the interdisciplinary Multi-sensor Elderly 

Care System (MECS) project at the University of Oslo, carried out by the Design of 

Information Systems (DESIGN) and Robotics and Intelligent Systems (ROBIN) 

research groups at the University's Department of Informatics. Officially having started 

in the early spring of 2016, the project is planned to culminate in 2019. The project aims 

to create and evaluate multimodal mobile human supportive systems that are able to 

sense, learn and predict future events. ("Multimodal Elderly Care Systems (MECS)", 

2016).  

 Throughout the project, researchers explore the possibilities for supporting older 

adults with the use of robots, more specifically mobile robots. The technology is 

intended to increase independence, security and privacy for the elderly. While this is a 

common aim for the project group, individual members involved in the project also 

have their specific areas of focus. A broad range of fields, including, but not limited to, 

human-robot interaction (HRI), human-robot spatial interaction (HRSI), artificial 

intelligence (AI), multimodal sensing, interaction design, online learning and adaption, 

behaviour modelling and predictive systems are covered as part of the MECS project.  

 As opposed to fixed installations around the home, such as cameras and motion 

sensors, or wearable technology such as wristbands, the MECS project focuses on 

having sensors installed on or attached to mobile platforms that may navigate around 

the home autonomously like a robot companion. Various sensor technologies are being 

looked into in order to explore the possibilities of detecting falls, and other non-normal 

situations, as well as remotely monitor medical states like pulse, breathing etc 

("Multimodal Elderly Care Systems (MECS)", 2016). A target of this project is to 

demonstrate automatic activation, where the occurrence of any predefined event, such 
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2 Case

as an emergency situation, will automatically trigger some form of action, rather than 

depending on the users to take action themselves. Additionally, the technology must be 

able to handle the complex and different environments found in homes as well as 

maintain privacy, while at the same time provide the possibility for a desired amount of 

interpersonal contact. 

 Taking a user-centered approach, the project designates those the technology is 

intended for, older adults, as the experts in the field. Therefore, the users are actively 

engaged throughout the project in order to provide insight into their daily needs in the 

home. For example, what tasks do they face difficulties with, and could be done by a 

robot? How is the furniture in their home laid out, and how would that affect the 

movement of a prospective household robot? How would the robot's activities interfere 

with those of the user? Does the robot bring about changes to the user's daily routine? 

How autonomous should the robots be, or how much should the users be able to control 

the robots? These questions can be accurately answered only by the users themselves. 

Users can additionally provide valuable feedback on aesthetics, user interface, 

interaction, etc. While many systems for elderly have been designed, few have been 

adopted on a large scale. Those designing information systems and technologies may 

have expertise in their fields, but quite often the reality of how the technology is used is 

very different. Thus, we believe that a better understanding of the elderly's lifestyle and 

needs, through extensive user involvement, and multiple iterations of user testing, can 

facilitate the development of technology that will be adopted by a large number of 

users.  

 The project collaborates with several external partners including Kampen 

Omsorg+, a residential facility for the elderly under the Oslo Municipality providing 

access to elderly users for participation in data gathering activities, and Xcenter AS and 

Novelda AS that provides novel sensor technology. 

 In order to have a structured approach and a better overview of the research 

work being done, the project is organized in five closely linked work packages (WP's) as 

illustrated in Figure 1. Work packages one to five respectively represent the following 

areas: sensing, user-centered design, user testing, behaviour modelling, and detecting 

and predicting behaviour. 
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2.1.1 WP1: Sensing Human Motion and State 

WP1 primarily comprises the study of sensor and robot technology in order to establish 

one or more multimodal sensor platforms that may be applied in the following work 

packages. Sensors that are being considered include camera, microphone, force, 

proximity, ultra-wide band radar, and ultrasound sensor. In addition to studying the 

technologies, WP1 is also concerned with the development of advanced sensor data 

extraction and classification techniques by using algorithms from machine learning, bio-

inspired computing for autonomous design and learning from examples and data sets 

(Glette, Torresen, Yasunaga & Yamaguchi, 2006), as well as real-time processing of 

multimodal sensor data. 

 

!  
Figure 1. Work Package Model  

2.1.2 WP2: User-Centered Design  

The second work package revolves around the user. Researchers are working closely 

with the elderly, for whom the technology is being developed, to explore their needs and 

requirements and learning about what they want as well as what they don't want. This 

knowledge is used to tailor the interaction mechanisms of the technology in order for it 

to be usable in the homes of elderly people, regardless of their knowledge or interest in 

the technical solution. WP2 starts by exploring the benefits and possible drawbacks of 

using a mobile robot, compared to existing technologies, for safety and communication 

WP1: Multimodal 
Sensor Systems

WP2: User Centered 
Design WP3: User Testing

WP4: Behavioral 
Modeling

WP5: Detecting and 
Predicting Behavior
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2 Case

in the home, followed by an investigation of additional tasks that could be undertaken 

by such a robot, e.g., medication, nutrition, or monitoring fluid balance. Will there be an 

increased sense of control and thereby privacy among the users when using a robot 

companion as opposed to having static/stationary sensors that are relatively out of sight? 

In addition to the challenges regarding the interaction between the user and the 

technology, WP2 also considers the interaction of the technology with its environment, 

i.e., avoiding obstacles such as furniture, steps or loose items, navigating efficiently and 

accurately around the home, being aware of where the user is. 

!  
Figure 2. Unboxing and setting up three robot vacuum cleaners clockwise from top-left. 1) 

Unboxing Neato BotVac, 2) Neato BotVac placed on its docking station, 3) Unboxing iRobot 
Roomba, 4) Samsung PowerBot (left) and iRobot Roomba (right) side by side, placed on 

docking station 5) Unboxing Samsung PowerBot 

2.1.3 WP3: User Testing  

Building on user-centered design, the third work package concentrates on designing, 

developing and testing prototypes in collaboration with elderly users as well as other 
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stakeholders. This approach, defined as participatory design (Bratteteig & Wagner, 

2012), can help determine user needs and preferences, before the technology is 

implemented. Prototypes are being revised by using techniques such as 3D printing, 

CNC milling, and laser cutting, with the available in-house equipment. By testing these 

prototypes and revising them through multiple iterations the project hopes to achieve 

high user satisfaction, as well as system performance and robustness. The project 

intends to have a long-term collaboration with elderly care providers and residents at 

Kampen Omsorg+ in Oslo municipality in order to conduct an extensive and thorough 

design process. 

!  
Figure 3. Members of the MECS project at Kampen Omsorg+ visiting an elderly resident who 

will be using a robot vacuum cleaner for the following two weeks. 
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2 Case

2.1.4 WP4: Behaviour Modelling 

The fourth work package is targeted toward developing models of human behaviour for 

the given applications based on real user behavioural data. This is needed in order for a 

robot to be able to perform its monitoring tasks by identifying behavioural patterns as 

well as differentiating between normal and non-normal behaviour. Consequently a 

certain behaviour may then trigger the robot to perform the required action. Using 

incremental training and distributed custom hardware architectures, the project aims to 

achieve both high accuracy and low computation time.  

2.1.5 WP5: Detecting and Predicting Behaviour  

Based on data from other relevant work packages and extending the behaviour model(s) 

developed in WP4, the fifth and final work package consists of developing prediction 

models. These models facilitate the prediction of behavioural changes, both short-term 

(fall or medical emergency) and long-term, allowing the robot to take preemptive 

measures. Models for predicting the user's movement, especially relative to the robot, 

are developed, allowing the robot to prepare, react, and navigate accordingly. Various 

methods, such as the Hidden Markov Model (HHM), Hierarchical Temporal Memory 

(HTM), and Ant Colony Optimisation (ACO) are considered where relevant. 

2.2 Artefact 

As the main goal of the MECS project is to create and evaluate elderly care systems, in 

order to gain a practical understanding of such systems, the use of an artefact would 

assist in gathering real world data on the process of how users take into use new 

technology. While methods such as observations and interviews provide significant data 

on the given research topic, Luck (2007) discusses the importance of using artefacts to 

enrich the data collected through qualitative research methods, and "mediate 

understanding in design conversations." An appropriate artefact to utilise, would be a 

robot built as part of the project. However, as the concerned project members were in 
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the early stages of developing a functional robot, it was more appropriate to turn to 

commercially available robots. This solution was practical, and at the same time also 

increased the relevance of the data to be collected, as many of the challenges regarding 

technology faced by elderly today, have to do with commercially available technology. 

 The choice of artefact was based on availability, as well as its ability to perform 

a specific task that is commonly considered boring, cumbersome and physically 

demanding. The decision was thus made to use autonomous robotic vacuum cleaners. 

There were many such robots available for purchase, and a thorough effort was put into 

reviewing the commercially available robotic vacuum cleaners by reading 

documentation, watching videos and comparing performance statistics. For this 

particular study three such vacuum cleaners were purchased: the iRobot Roomba 980, 

Neato BotVac Connected, and Samsung PowerBot VR20H. 

 All three of these devices supported self-charging, spot cleaning, multi-room 

navigation, setting boundaries, and some form of remote control (either through an app 

or a physical remote). The Neato and iRobot devices had similar physical dimensions,   

weight, and battery capacity (120 min) while the Samsung device was slightly taller and 

claimed to have enough battery capacity for 60 minutes of operation. In terms of 

navigation technology, the iRobot Roomba 980 uses a combination of proximity sensors 

and a camera to track its path. The Neato BotVac Connected uses laser mapping, while 

the Samsung PowerBot VR20H uses a camera. The vacuums are shown in Figure 2. 

 The vacuums had varying user interfaces, design, and features, but shared highly 

positive reviews from readers and technology critics. Stake (2005) proposes that a case 

be selected based on its ability to provide the best learning opportunity. This philosophy 

was taken into account during the process of selecting our case, both in terms of the 

artefacts that were used as well the participants that were involved. 

2.3 Participants 

In line with the MECS project, our primary user group of interest is older adults. 

Gathering data directly from this group of users is essential towards understanding their 

experiences, attitudes and emotions. The majority of the elderly participants of this 
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research were recruited from Kampen Omsorg+, an active partner of the MECS project. 

Some of our participants are depicted in Figure 4.  

 Run by The Church City Mission, Kampen Omsorg+ is a facility consisting of 

91 independent apartments for individuals or couples over the age of 67 requiring 

suitable housing. Each apartment incorporates a bedroom, passage, large bathroom and 

veranda, along with a living room with integrated kitchen, equipped with a stove, oven, 

and refrigerator. Residents also have the option of dining at the facility's cafeteria, 

which also serves as a socialising venue. The apartments are connected through large 

common areas to facilitate socialising for the residents (The Church City Mission, n.d.). 

Kampen Omsorg+ is intended for elderly citizens who, despite being able to live 

independently, require occasional assistance, or feel unsafe or lonely in their own 

homes. The facility employs caregivers to provide required assistance and monitoring 

for the residents. Regular social activities are also arranged for the residents. 

!  
Figure 4. Focus group with elderly residents at Kampen Omsorg+ 

 Completed in 2013, the facility has become a testing ground for new 

technologies targeting citizen welfare and assistive technology (AT) in general. The 
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buildings are equipped with several smart home technologies, making Kampen 

Omsorg+ an attractive research location for the DESIGN research group, who have now 

collaborated on several research projects. One such project was the A3 project, lasting 

from 2009-2014, which focused on creating an inclusive technology-based society. 

("Autonomy and Automation in an Information Society for All", 2018). According to 

the managing director of the facility, as of 18/04/2017, there were 90 residents living at 

the facility, consisting of 52 females and 38 males, with an average age of 80 and 84 for 

males and females respectively. An example of a bedroom equipped with an adjustable 

bed is presented in Figure 5. 

!  
Figure 5: Bedroom of an apartment unit at Kampen Omsorg+ equipped with an electric 

adjustable bed, according to the requirements of the resident. 

 In order to better understand the underlying causes for their experiences, we felt 

it was vital to gather data from other user groups, and explore the similarities and 

differences between the challenges faced by the different groups when using the same 
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technology. This also provided insight into some basic differences between the 

individual users themselves. Thus, data was gathered from two additional user groups.  

 One group was middle-aged adults who had a significant previous exposure to 

digital technology, and did not have the physical and mental limitations as the older 

adults. Another group that was included in the data gathering process, was researchers at 

the Department of Informatics at the University of Oslo, most of whom are somewhat 

involved in the MECS project. The selection of this group served two purposes. All of 

the researchers included in the study have had significant exposure to various forms of 

technology, while some have also had experience specifically with robots. This laid the 

foundation for uncovering higher level challenges regarding the use of the technology, 

and its weaknesses, that even expert users faced. While these challenges may be less 

significant for experienced users such as the researchers in our study, they would prove 

to be extremely relevant for users with less experience and technical know-how, such as 

the elderly. On the other hand, inviting the researchers to use the technology themselves, 

allowed them to gain a better understanding of the commercially available robots 

intended for use in the home. Not only would they be able to learn about the technology 

from a technical perspective, but also from the perspective of a real user of the 

technology, allowing them to understand the context of its use better.  

 These three user groups can be categorised into three levels of expertise; elderly, 

with little exposure to technology as low, middle-aged and young adults, with some 

exposure to technology as medium, and researchers in the field of information 

technology as high. This general categorisation of expertise may differ on an individual 

basis, and that is touched upon in the Analysis and Findings section (Chapter 5).  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With the aim of contributing to the MECS project, the primary focus of the research is 

to learn about and understand the real life challenges faced by the elderly related to 

adopting new technology. Being an exploratory study, several fields of study will be 

touched upon, which are closely related to the topic at hand. Walsham (1997) suggests: 

“There is not, and never will be, a best theory. Theory is our chronologically inadequate 

attempt to come to terms with the infinite complexity of the real world. Our quest 

should be for improved theory, not best theory, and for theory that is relevant to the 

issues of our time." Our goal, is therefore to take a look at and understand the extensive 

research that has already been done in relation to topics that are relevant to technology 

use as well as relate it to collected empirical data. 

 As a thesis that is being done through the Department of Informatics (Institutt 

for informatikk, IFI) at the University of Oslo, the overarching field of study it pertains 

to, is informatics, which can be defined loosely as the study of computers and the 

phenomena surrounding them (Newell, Perlis & Simon, 1967). In this thesis we want to 

look into the use of computers, which will require a good understanding of human 

computer interaction (HCI). "A fundamental objective of human computer interaction 

research is to make systems more usable, more useful, and to provide users with 

experiences fitting their specific background knowledge and objectives," (Fischer, 

2001) and thus this research will also explore different aspects that affect a user's 

experiences with technology, more specifically autonomous robot technology in the 

home. 

 As the MECS project aims to look at the role of robot technology in facilitating 

elderly care services, it is vital to explore the aspect of collaboration between multiple 

user groups. One key aspect to constructive collaboration, is trust between the 

collaborators, which we will look at from several perspectives. We look into the theory 

behind collaboration, more specifically, with regard to the field of Computer Supported 

Cooperative Work (CSCW). 

 We also take a look into why people use technology in the first place. In our 

research we focus on the desire to live independently as the primary reason for 

technology use, especially in the case of the elderly. We start exploring independent 
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living by first defining the concept. We also look at factors that may play a role in 

supporting collaboration and thereby independent living. 

3.1 CSCW 

One of the most attractive potential benefits of truly autonomous robots is the capability 

to operate and perform their assigned tasks without human intervention. However, when 

it comes to multimodal elderly care systems, the ability to communicate with users and 

facilitate communication between users, are among its desired capabilities. These robots 

may serve, not only as a communication device, but also as a platform for collaboration 

between an elderly person and the caregiver, who may be situated at a different physical 

location. To explore the challenges and benefits of such collaborative capabilities more 

in depth, we must delve into the field of study, which has collaboration at its core, 

CSCW. "The research field of CSCW (Computer Supported Cooperative Work) 

addresses how collaborative activities and their coordination can be supported by means 

of computer systems." (Carstensen & Schmidt, 1999).  

 As information systems become more and more complex, they must cater for 

larger numbers of users, with various specialisations, performing varied tasks that are 

interdependent, and at the same time toward achieving a common goal. Christopher 

Alexander (1964) argues that if more and more problems are reaching insoluble levels 

of complexity, "work conceived of as a cooperative effort is of an entirely different 

order of complexity." Thus it becomes vital to understand how to facilitate such large 

variation within the limits of the available technology and resources. The field of 

CSCW aims to provide understanding on this issue, leading to better results when 

designing complex systems. According to Schmidt and Bannon (1992) "CSCW should 

be conceived of as an endeavor to understand the nature and requirements of 

cooperative work with the objective of designing computer-based technologies for 

cooperative work arrangements." Schmidt and Bannon also describe the field of CSCW 

as "a research area devoted to exploring and meeting the support requirements of 

cooperative work arrangements." A key factor to supporting such cooperative work 

arrangements is awareness.  
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3.1.1 Awareness 

The interaction between the elderly and their caregiver, be it professional assistance or 

family members, can be simple, but at times also complex. Asking the elderly how they 

are feeling, and getting a response may be a simple task, but keeping track of what 

medicines they have taken, reminding them and helping them to select the right 

medication at the right time, can prove to be a challenge. The caregiver must be aware 

of which medication has already been taken, when each medication is prescribed to be 

taken and under what conditions, and whether those conditions are met. At the same 

time, the caregiver must be able to communicate with the elderly in order to provide the 

relevant instructions in some form, and follow up on what has actually been done. 

Similarly, the elderly in question must be able to communicate their status regarding the 

medication, as well as be aware of, for example, who the caregiver is, and what 

information they have. "Computer-based support for cooperative work can be provided 

by offering better communication facilities, providing improved monitoring and 

awareness possibilities to the actors, and by aiming at reducing the complexity of the 

coordination activities to be conducted by the involved actors." (Carstensen & Schmidt, 

1999). 

 While the above example may be applicable to many elderly and their 

caregivers, there may exist many other forms of interaction that is required, between the 

elderly and their caregivers. Thus, any system that is developed with the aim to 

facilitate, or even replace the tasks of caregivers, must take into consideration, not only 

the variety of tasks and interactions, but also the different individual requirements of 

elderly users as well as caregivers. Carstensen and Schmidt (1999) mention that "CSCW 

systems should provide basic structures that can be used for establishing and 

maintaining conceptual structures, negotiate these, and still be open and flexible to local 

interpretations". This emphasises the importance of keeping in mind not only the 

primary users, who will be the main users of the system, but also other users who may 

interact with the system, albeit to a lesser extent. 
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3.1.2 Collaboration between humans and robots 

In addition to considering the autonomous robot as a collaborative platform or tool, one 

can also consider the robot as a collaborator. This adds a whole new perspective to 

CSCW, which has not been explored extensively as of yet. So far, research on robot 

technology has been focused on single human interaction (Jung, Eyssel, Šabanović & 

Fraune, 2017). However, a robot, using its software and interface as a CSCW system, 

may be able to collaborate and cooperate with multiple users including, for example, an 

elderly user, as well as a caregiver. The robot will have to be aware of its user and their 

activities in order to perform its given task. At the same time, the robot will have the 

responsibility of making its user aware of its own actions. Increased awareness on both 

parts will help moderate the inescapable aspect of contingency, which Suchman (1987) 

believes to exist in activities and situations in the modern work setting. Key challenges 

include task planning, motion planning, intention recognition, user modeling, scene 

recognition, and human-robot communication (Scassellati & Hayes, 2014). 

 Hinds, Roberts and Jones (2004), referring to Kraut, Fussell, Lerch and Espinosa 

(2002), highlight the role of communication, especially in a shared space, through 

sharing ideas, and interacting with one another, in order to make collaborative decisions. 

This also requires a mutual understanding of how the other collaborator makes 

decisions and interacts based on their knowledge and capabilities. In the case of robots, 

the expectations of what they are capable of are greatly based on the conceptual model 

we have of how they work (Hinds et al., 2004). This is further discussed in section 3.5. 

 Some research has been done with regard to the involvement of robots in groups 

and teams (Jung et al., 2017) and there has also been work done to explore HRI from a 

CSCW perspective (Drury, Scholtz & Yanco, 2004). In this study, however, we try to 

look at the autonomous robot from two perspectives: as a tool for collaboration, as well 

as a collaborator. In doing so, we must remember the three challenges of CSCW 

mentioned by Carstensen and Schmidt (1999), which include the understanding of 

cooperative work and its complexity, understanding awareness, and flexibility. We also 

plan to gain some insight into the aspects of CSCW that are applicable to developing 

multimodal elderly care systems as well as look at how such systems can fulfil the two 
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main requirements for CSCW systems, which are also mentioned by Carstensen and 

Schmidt (1999): managing task interdependencies, and managing informatics spaces. It 

may also be relevant to discuss the different activities, and interactions between the 

elderly and the robot vacuum cleaners with regard to the time and space matrix 

commonly used in CSCW (Figure 6) (Baecker, Grudin, Buxton & Greenberg, 1995). 

While the focus of our study would be on colocated synchronous collaboration, all 

quadrants of the matrix may actually be applicable to the different use-contexts of a 

semi-autonomous device operating in the home. 

!   
 Figure 6. Time Space Groupware Matrix 

 While the introduction of a new collaborative platform or collaborator will 

provide new ways of collaboration, resulting in changes to existing routines will almost 

always introduce new tasks in order to support the use of the new system. This 

phenomenon of additional tasks is of great importance in the field of CSCW, referred to 

as articulation work.  
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3.1.3 Articulation Work 

Robots may provide effective solutions to mundane tasks, and tasks with high risk, but 

at the same time, they require alterations in terms of how the tasks were previously 

performed (Søyland & Søyseth, 2017). Strauss (1985) calls this additional work 

required to facilitate the new technology "articulation work". The amount of articulation 

work stemming from the implementation of new technology may have a significant 

impact on its use. Through their empirical work on autonomous navigating robots and 

its impact on task distribution in the homes of elderly users, Søyland and Søyseth 

(2017) suggest grouping the tasks related to robot facilitation into three groups: pre-

facilitation, peri-facilitation, and post-facilitation.  

 Pre-facilitation refers to tasks that need to be undertaken in order to prepare the 

operational environment of a robot before the robot can be put to use. Tasks often 

include making changes to the existing environment, such as re-locating furniture, 

installing additional equipment or accessories, or simply tidying up. The required 

changes stem from the limitations of the robot technology, for example its inability to 

navigate around certain types of obstacles. Peri-facilitation, again stemming from the 

limitations of the technology, refers to tasks undertaken while the robot is in operation. 

This may include operating, monitoring, and maintenance of the robots. Another major 

task that comes with employing a robot is assigning tasks to it. Depending on the type 

of robot and its interface, a user may have to spend a significant amount of time to 

assign varying tasks to a robot. Finally, Post-facilitation refers to tasks that may be 

undertaken after a robot has been in use over a longer period of time, resulting from 

experiences and lessons learnt during its use. Such tasks may also reduce peri-

facilitation tasks by providing more long-term solutions to challenges that are faced on a 

regular basis.  

 The concept of work is widely discussed in the CSCW literature. Schmidt (2011) 

questions the nature of work and whether it should include only routine-based work 

(industrial work), or any type of paid work, or perhaps also domestic activities, as a 

starting point, mentioning a definition of "anything done in order that a social activity is 

accomplished". Including domestic activities such as raising children or cleaning or 
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gardening also highlights the need for a categorisation of work with reference to 

purpose or circumstances. Bratteteig and Wagner (2013) raise a similar point of what 

constitutes work: "for the gardener gardening is work, however, for the garden owner 

gardening can be a hobby or just recreation—should we then call gardening work?” 

They define articulation work to involve coordination between tasks, different lines of 

work, or planning and coordinating of resources. The authors provide an example of a 

pill organiser as a mechanism to reduce articulation work, as the caregiver does not 

need to remind the patient to take the pills. 

Gasser (1986) distinguishes between primary work, articulation work and 

computing work, focusing specifically on computer-using organisations. He defines 

articulation work as "the work of reorganization and maintenance". He further argues 

that the distinction between primary and articulation work is context specific, as also 

seen for defining the concept of work. The work done by a manager for instance would 

be considered primary rather than articulation. 

On the other hand, Schmidt and Bannon (1992) focus on the cooperative nature 

of working relationships that necessitates articulation. "Any cooperative effort thus 

involves a number of secondary activities of mediating and controlling these 

cooperative relationships. Tasks have to be allocated to different members of the 

cooperative work arrangement...". Articulation work is then activities that do not 

"contribute directly to fashioning the product or service and meeting 

requirements." (Schmidt & Bannon, 1992). 

Robinson (1993) describes articulation work as shifting requirements to get the 

work done in the face of contingencies, or misfits (Gasser, 1986). The author suggests 

that articulation work is needed to fill the gaps between procedures and ideas on how 

things should be done and how work is actually done. This can be related to Gasser's 

fitting and augmenting work, and workarounds, which arise in response to mismatches 

between the way one would like to perform a task and how the available computing 

technology dictates the task to be performed. 

Articulation work can be observed in many contexts. For example, a bus driver 

filling up gas is performing articulation work - the work that enables him to perform his 

primary work of driving the bus. Email is another example - both sending emails and 
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troubleshooting. Emails in a work context are typically used for coordinating or 

discussing tasks and are needed in order to perform primary work. Additionally, if an 

email does not work because of an interrupted internet connection, reconnecting to the 

Internet can be considered articulation work, whereby one needs to e.g. reset the router 

re-connecting to the WiFi network in order to be able to send the email.

Meetings and planning activities are another commonly cited example of 

articulation work. The idea of increased awareness reducing articulation work can also 

be observed in this context. Generally, meetings are needed because people in an 

organisation or department don't know what everyone else is doing or don't have a clear 

enough overview of others' tasks and activities. In contrast, in a small company, people 

are working in the same physical space and are much more aware of each other's tasks 

and work processes. There is then less need for meetings and planning (articulation 

work). In order to cope with the demanding nature and complexity of articulation work, 

several mechanisms can be used as discussed by Schmidt and Bannon (1992). These 

include organisational structures, standard operating procedures, as well as plans and 

schedules. However, meeting scheduler that relies on electronic calendars may have 

unequal benefits, benefiting managers but requiring extra work from those who don’t 

maintain an electronic calendar (Grudin, 1994). 

Articulation work is an integral part of CSCW research, and must be considered 

when developing collaborative tools and systems. Additionally, the possible variation  in 

how  a  collaborative  system  is  used  must  be  kept  in  mind,  in  order  to  minimise 

articulation  work  for  all  user  groups.  The  same  applies  to  the  development  of 

automation and autonomous systems. Additionally, a good understanding of automation 

and how it might impact resulting articulation work, is imperative for developing useful 

and useable autonomous systems.

3.2 Independent living 

In this section, we try to get an understanding of what independent living means, 

especially for older adults and why it is significant for preserving dignity. We can define 

independent living as being able to live in one’s own home, with or without assistance 
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from others. But why, as human beings, is it important for us to live independently? 

What are some concrete factors that affect whether we are able to live independently or 

not? What can facilitate independent living? We start by looking at the importance of 

independent living, which is profoundly connected to someone’s dignity. 

What is dignity? 

Article 1 of the United Nations Declaration of Human rights states the following: "All 

human beings are born free and equal in dignity and rights" (United Nations, n.d.). 

Dignity, defined as "the state or quality of being worthy of honour or respect" (OED), 

forms the foundations of human identity. Swedish researcher and philosopher Lennart 

Nordenfelt (2004) identifies four concepts of dignity, of which 'dignity of identity' is 

described as being most important in the context of old age. 

 Nordenfelt (2004) looks at dignity from four different perspectives: 

menschenwürde, based on basic human existence, which is equal among all human 

beings; merit, where dignity is based on an individual's achievements and deeds 

(informal dignities of merit) or their rank or office (formal dignities of merit); moral 

stature, based on self-respect; and identity, which is not dependent on merit, nor is it an 

inherent human value. 

 Nordenfelt (2004) presents dignity of identity as a "kind of dignity that can be 

taken from us by external events, by the acts of other people as well as by injury, illness 

and old age. It is the dignity that we attach to ourselves as integrated and autonomous 

persons, persons with a history and persons with a future with all our relationships to 

other human beings." Pullman (1999) and Jacobson (2009) categorise this as part of 

personal dignity and social dignity respectively. As is apparent, this form of dignity has 

a lot to do with how others perceive us, and is especially relevant for our research due to 

its significance with regard to the elderly. However, it is important to identify what 

actions or events cause people to question their dignity.  

 Taking a look at the work done by Kaufmann, Kuch, Neuhäuser and Webster 

(2011), we get an idea of factors which are essential to sustaining dignity. The authors 

explore this by identifying four ways in which dignity may be violated, e.g. humiliation, 

degradation, objectification and dehumanization. Though Kaufmann et al. (2011) 
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present arguments to distinguish between the four types of violations, the distinctions 

are delicate and somewhat complex, and thus the differentiation is not relevant for the 

level on which we wish to understand dignity. From a broader perspective, it is apparent 

that all of these types of violations are based on humiliation, albeit on different levels, 

which is what we will focus on.  

“Humiliation is any sort of behaviour or condition that constitutes a sound reason for a 

person to consider his or her self-respect injured” (Margalit, 1996). Furthermore, self-

respect is achieved, to a large extent, through autonomy. Referring to Kant (1964), 

Kaufmann et al. (2011) state that autonomy is "the basis of human dignity, and the 

source of respect for other persons, and is related to the most basic human ability, the 

ability to be free." When this freedom, this autonomy, is lost, so is a person's self-

respect and dignity. By reviewing the existing literature, we have now been able to 

establish a clear relation between autonomy and dignity, a basic human right and desire. 

Barriers to Independent Living  

As age sets in, many people start to lose autonomy, due to a weakening in both physical 

and mental ability. "Individuals who are unable to complete daily living activities, such 

as planning and preparing meals, cleaning, maintaining personal hygiene, using minor 

first aid, and upholding financial responsibilities might be unable to live in an 

independent environment" (Wister, 1985). Other issues such as deteriorating 

communication skills, disorientation, and the reliance on others, can also affect whether 

one lives independently, or must move to live in a group setting (Yeager, 1996). 

 By conducting an online survey, DiGennaro Reed et al. (2014) identify the 

following as the most prominent barriers as experienced by the elderly, and individuals 

with disabilities: personal safety, assistance with household skills, assistance with 

medications, mobility difficulties, memory loss/disorientation, and the fear of 

wandering away. Additionally, people also want to maintain old friendships and develop 

new friendships (Jungers, 2010), which can become difficult to achieve when these 

barriers exist. 

 Despite these barriers, one may continue to live independently in terms of the 

location, but must otherwise be dependent on other people. This leads to a dilemma, 
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where one may lose their dignity regardless of the choice they make. There is negative 

stigma with receiving assistance, and at the same time most people don't want to 

become a burden to their family members who may be assisting them (Jungers, 2010). 

Most people "enjoy greater choice when living in their own home compared to living in 

group settings” (Stancliffe et al., 2011). However, if this requires one to be dependent 

on others, it may also lead to humiliation and loss of dignity. In order to avoid this 

humiliation, one may be forced to live in a setting, which they themselves have not 

chosen e.g. in a group setting or facility as opposed to living at their own home. 

DiGennaro Reed et al. (2014) report that "individuals with disabilities and seniors often 

lack the freedom to choose with whom they live and where they reside." The lack of 

choice can also be considered a violation of dignity (Kaufmann et al., 2011). On the 

other hand, people with intellectual/developmental disabilities, report that moving to a 

facility in fact increases their independence (Cattermole, Jahoda & Markova, 1988). 

 The optimal solution to this dilemma would be then, to receive assistance at 

one's own home, without being a burden to others. DiGennaro Reed et al. (2014) and 

Stancliffe et al. (2011) argue that optimising one's own home to cater for their age-

related demands is a better option than moving to a new facility in a group setting. They 

further argue that this results in better outcomes for the elderly's needs, and incurs lower 

costs. Regardless of whether an individual resides in a facility or in one's own home, the 

ultimate goal is to maximise his or her independence, and thereby autonomy. 
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3.3 Autonomy and automation 

The Oxford dictionary defines autonomy as "having the freedom to govern itself or 

control its own affairs," derived from the Greek word 'autonomos', where 'auto' means 

'self' and 'nomos' means 'law' ("Autonomy", 2018). Automation on the other hand is the 

process of making something automatic. While automation is usually applied to 

machine processes, autonomy is a concept that can be used to describe activities of both 

man and machine. Using the same term for humans and inanimate objects can be 

confusing at first. However, as technology advances, many machines are gaining 

human-like qualities, making it relevant to consider the concept of autonomy for 

machines as well. 

 Automation can be considered a key aspect of robot technology, which is 

intended to either replace or reduce human involvement in various tasks, or as 

Parasuraman and Riley (1997) put it, "a device or system that accomplishes (partially or 

fully) a function that was previously, or conceivably could be, carried out (partially or 

fully) by a human operator". The Oxford dictionary defines a robot as “a machine — 

especially one programmable by a computer — capable of carrying out a complex series 

of actions automatically” ("Robot", 2018). 

 There is great optimism about automation amongst many. Much of the optimism 

is justified, as robots can perform tasks that are mundane as well as tasks that are 

dangerous, reducing boredom and risk to humans (Xu, Whitesell & Smart, 2017). 

Paradies and Unger (2000) quote Walter Bennis, saying that "the factory of the future 

will have only two employees, a human and a dog. The human is there only to feed the 

dog and the dog is there to bite the human if he or she touches anything." Completely 

replacing humans with robots, however, may not be the most realistic alternative as 

“even highly automated systems need human beings for supervision, adjustment, 

maintenance, expansion and improvement” (Bibby et al., 1975). The combination of a 

human controller with an automated system can be called "human-in-the-loop 

control" (Desai, Stubbs, Steinfeld & Yanco, 2009). Bainbridge (1983) also emphasises 

that “automated systems still are man-machine systems, for which both technical and 

human factors are important”. Although technology has advanced at an unprecedented 

rate, both in terms of software and hardware, the aspect of human involvement and 
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interaction is still a necessity, and can even be considered a requirement in the case of 

elderly care systems.  

 Special care needs to be taken when designing autonomous systems to account 

for human interaction. Bainbridge (1983) mentions two ironies of designing 

autonomous systems. “Designer errors can be a major source of operating problems.” 

Also, designers will try to automate as many tasks as possible, but may leave the tasks 

that cannot be automated, for the human user. Thus, it may be such that the human user 

is unintentionally assigned an “arbitrary collection of tasks and little thought may have 

been given to providing support for them.” While these arguments were made in the 

context of industrial automation, they are nevertheless relevant for robots in the home. 

Parasuraman, Sheridan and Wickens (2000) provide a framework for automation design, 

which, along with a good understanding of user behaviour and requirements, can 

provide a basis for developing systems that are both useful for, and usable by the 

elderly.  

 Parasuraman et al. (2000) also mention that “in contrast to the voluminous 

technical literature on automation, there is a small but growing research base examining 

the human capabilities involved in work with automated systems”. Our research will 

explore the latter, as well as human attitudes toward automation. While automation has 

a more technical connotation, autonomy is more relatable to human behaviour and 

interaction, and thus a better distinction between automation and autonomy must be 

made. Parasuraman et al. (2000) help create this distinction by suggesting ten levels of 

automation, focusing on the decision making abilities of a system, which is further 

expanded by classifying four stages of human information processing.   

!  
Figure 7. Simple four-staged model of human information processing. 
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Table 1. Ten levels of automation 

 Table 1 presents the different levels of automation in increasing order from low 

to high. Low level of automation is defined by highest level of human intervention, 

while a high level of automation requires the least human intervention, with increased 

decision making ability, leading to greater autonomy. Similarly, as one moves from left 

to right through the stages of human information processing in Figure 7, a higher level 

of autonomy is represented. As technology is advancing, automated systems are capable 

of taking more and more complex decisions, which previously would have required 

human input. Improved sensors, providing improved data quality and quantity, coupled 

with smarter algorithms and increased computing power, enables better predictability 

and judgement, and allows the development of systems that are more and more 

autonomous. Increased autonomy not only allows these systems to carry out pre-defined 

tasks in an orderly and efficient manner, but also empowers them to take decisions on 

which tasks should be performed, when, and how, without relying on human 

intervention.  

 As the required human intervention goes down, a direct consequence is the 

relinquishment of control. It is thus of great interest to explore how valuable it is for the 

elderly to be able to control what goes on in their homes. Are they happy to let a robot 

Automation 
level Automation Description 

LOW 1 The computer offers no assistance: human must take all decision and 
actions. 

2 The computer offers a complete set of decision/action alternatives, or 

3 narrows the selection down to a few, or 

4 suggests one alternative, and 

5 executes that suggestion if the human approves, or 

6 allows the human a restricted time to veto before automatic execution, or 

7 executes automatically, then necessarily informs humans, and 

8 informs the human only if asked, or 

9 informs the human only if it, the computer, decides to. 

HIGH 10 The computer decides everything and acts autonomously, ignoring the 
human. 
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navigate around the home on its own? Or would the user rather be able to control certain 

aspects of the robot? How much would he/she trust the robot? Which level of 

automation and autonomy are elderly users comfortable with? 

 A web-based questionnaire conducted by Desai et al. (2009) explored attitudes 

towards the different levels of robotic automation. Results of the questionnaire showed 

that users had least trust in full autonomy. Trust building thus becomes an important 

factor in enabling the successful implementation and use of automated systems. 

3.4 Trust 

As with any technology or product, the adoption and use of robot technology depends a 

great deal on effective interaction, which provides the user its desired results. "Effective 

HRI depends not only on design, but also trust" (Desai et al., 2009), which is why it is 

crucial that the user trusts the system at hand in order for him/her to use it. When 

referring to complex human-machine systems, trust can be defined as "the extent to 

which a user is confident in, and willing to act on the basis of the recommendations, 

actions, and the decisions of a computer-based tool or decision aid" (Madsen & Gregor, 

2000). 

 Parasuraman and Riley (1997) discuss the 'disuse' and 'misuse' of automation, 

referring, respectively, to the underutilisation of and over-reliance on automation, 

naming trust as one of the main causes. Dzindolet et al. (2003) also emphasise the 

importance of trust as a factor affecting the decision to utilise automated systems. 

Earlier research and existing literature provides insight into various factors that can 

facilitate in creating the appropriate level of trust. Trust in automation, resulting in its 

use, can initially be a result of individual biases (Lee & Moray, 1991). However, as a 

user gets more familiar with a given system, trust may be based on additional factors 

such as system performance, etiquette, interface usability and feedback.  

 Dzindolet et al. (2003) refer to Jian, Bisantz and Drury (2000), Sheridan (1988), 

Dzindolet et al. (2001) and Lee and Moray (1992) when stating that reliability is a 

major factor in building trust with regard to humans and automation systems. 

Automation systems, such as domestic robots, need to be reliable, working in 
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predictable ways (Rempel et al., 1985) in order to gain and maintain the trust of its 

user(s). 

 Domestic robots also have to be able to communicate with their users in a 

manner that makes them appropriately trustworthy. Parasuraman and Miller (2004) 

discuss how politeness and good etiquette in the robot's behaviour can increase trust, 

even to an extent where its reliability may be misjudged. Users may expect the robot to 

perform better than what it is capable of. As a result, when the robot underperforms, in 

terms of what is expected, "trust may diminish slowly, or may immediately drop to a 

low level" and lead the user to "underestimate the performance of the automated 

aid" (Dzindolet et al., 2003). A similar observation is made by Rasmussen, Pejterson, 

and Goodstein (1994). This is especially relevant for elderly users, as there exists a 

general lack of trust toward new technology, and because distrust in one particular 

system can also lead to distrust in other systems performing similar tasks (Muir & 

Moray, 1996). 

 Along with proper etiquette, a robot must have an interface which also facilitates 

communication in an appropriate manner. Both Desai et al. (2009) and Atoyan, Duquet 

and Robert (2006) agree that the information that is displayed, in terms of content, as 

well as how it is presented, is another important factor in developing trust. Atoyan et al. 

(2006) refer to Kim and Moon (1998) in stating that interface trustworthiness could be 

enhanced by factors that seemingly have no obvious link to the true capabilities of a 

system, such as using cool pastel colours in the interface, or having a balanced interface 

layout. Thus designers need to consider the impact of their design decisions on user 

trust. This includes paying special attention to basic design principles such as visibility, 

feedback, affordance, consistency, and mapping (Rogers, Sharp & Preece, 2015). 

 Of special importance among these principles, with regard to building trust, is 

feedback, playing a pivotal role in increasing situation awareness, which in turn 

supports the development of trust (Liu & Hwang, 2000). Additionally, Lee and Moray 

(1992) put forward a hypothesis that a better understanding of how an automated system 

works will also increase trust in the system. In order to improve understanding of the 

process, imperfections of automation need to be brought forward. "People rely on faulty 

automation when they are aware of automation imperfection" (Atoyan et al., 2006), as 
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they can then plan how they will work around any given imperfection. Thus, by 

providing suitable feedback, and making the user aware of its processes, a domestic  

robot could garner increased user trust. Heerink, Kröse, Evers and Wielinga (2010) 

extend the factors influencing the elderly's acceptance of technology to include social 

interaction, as well as perceived usefulness and ease of use, including anxiety and 

attitude towards using the technology, as well as perceived enjoyment, perceived social 

presence, trust and perceived adaptivity. Attitude was found to be a crucial factor. The 

authors further suggest two types of robot acceptance: functional (usefulness, ease of 

use) and social (human-robot relationship). 

 It is also important to mention the role of human, organisational, and cultural 

contexts (Lee & See, 2004). People who are “trustworthy” tend to have more trust in 

others and they are more willing to delegate tasks to automated systems. The 

organizational context reflects the interaction between people. This includes reputation 

and gossips that will affect people's willingness to trust. The cultural context influences 

trust through social norms and expectations (Atoyan et al., 2006). 

 Desai et al. (2009) conclude that "in order to build systems which promote 

appropriate levels of trust, HRI designers will need to consider how to design both the 

robot’s form and its interactions such that it provides feedback which will help the user 

understand the robot’s capabilities and limitations." Users must have an accurate 

conceptual model of how a system functions, based on a satisfactory understanding of  

the logic in its algorithms and its mechanics. Only then will they be able to trust, and 

comfortably use robots in their homes. 

3.5 Conceptual models  

As pointed out by Frederick Brooks, software is invisible and unvisualizable: “In spite 

of progress in restricting and simplifying the structures of software, they remain 

inherently unvisualizable, thus depriving the mind of some of its most powerful 

conceptual tools. This lack not only impedes the process of design within one mind, it 

severely hinders communication among minds.” (Brooks Jr., 1987, pp. 185 f.). The 

same applies for physical devices that use software for operation. It is near impossible 
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for a user to predict how a device will operate, or react to commands, without having 

used it earlier. This becomes a bigger challenge with the increasing capabilities of new 

technology and more so when autonomy comes into the equation. 

 Any such new device or system is unique, despite having similarities to existing 

systems in some cases. This uniqueness is even more applicable to domestic robot 

technology, especially for elderly users, most of whom have had limited exposure, if 

any, to similar technology. Thus, when introducing a relatively new device or 

technology to users, it is vital to present the underlying conceptual structures and 

provide the user with an appropriate basis for reasoning about it, which can be done by 

synthesising new abstract conceptual models (Halasz & Moran, 1982). Accurate 

conceptual models also play an essential role in building trust toward technology, 

leading to its use.  

 While conceptual models are a useful tool for understanding how a system 

works, putting them to use may prove to be a challenge, especially when the system 

itself is complex. This challenge can be somewhat overcome with the aid of literary 

metaphors, by building on a user's existing knowledge to facilitate new learning. Lakoff 

and Johnson (1980) claim that "most of our normal conceptual system is metaphorically 

structured; that is, most concepts are partially understood in terms of other concepts". 

Thus, naturally, when trying to understand new complex systems, it is almost instinctive 

to use metaphors, presenting new concepts in relation to something that is presumably 

known and already understood. However, care must be taken to use analogy as literary 

metaphor for explaining certain parts of a system rather than to describe the complete 

system as an analogical model.  

 Halasz and Moran (1982) refer to Gentner (1980) in defining an analogical 

model as a model that involves a structure-mapping between two complex systems one 

known and one unknown. Trying to completely map a new system to an existing system 

will almost always lead to confusion. While some aspects of a new system may be 

irrelevant to the analogy, many new aspects will not have been present at all in any 

existing system. Due to the complexity of certain systems, similar concepts may also be 

used in different contexts and combinations, again making the use of analogical models 

less accurate and difficult. For example, elderly users in Norway are very familiar with 
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using a vacuum cleaner. However, when the functionality of a vacuum cleaner is built 

into a device that can also navigate around a house on its own without human 

intervention, it becomes something very unfamiliar and significantly more complex.  

 In the case of semi-autonomous vacuum cleaners, one could use analogies to 

familiarise the user with the different technology. Especially in case of semi-

autonomous navigation, a device can be analogous to a living being. For example, the 

camera/laser sensors present in the vacuum cleaners are like their eyes. The devices can 

see what is around them, and avoid obstacles. The bumpers (sensors that detect 

collisions) are like its skin which helps it realise that it has bumped into something. 

Similarly, we can tell the device to start and stop, by pressing the start/stop button on the 

device, or on the smartphone app/remote. Although we are not speaking, nor is the 

device listening, we can use the word 'tell' to express the fact that we are giving a 

command, and the device is responding to it through its actions. This analogy can be 

enhanced, and a more human mental model of the robot created, by giving human-like 

characteristics to the device (Kiesler & Goetz, 2002). 

 "Complex systems are hard to understand using any technique". Complexities 

that may exist in the conceptual design of a system are reflected in the conceptual model 

that represents it. Thus, when designing a system, designers must aim for a conceptual 

structure that can be translated to an easily comprehendible conceptual model. At the 

same time, the conceptual model must be appropriate for the intended user, such that 

they are not presented more information about the system than what is required or what 

will be understood (Halasz & Moran, 1982). 

3.6 Feedback  

Saplacan and Herstad (2017) provide multiple sources to define feedback. The common 

message from these definitions is that feedback is a way to present information in 

reaction or in anticipation to an occurrence. In the context of technology and people, 

feedback from the technology is primarily a way to inform the user that the system has 

registered the user's request. Additionally, it is a way for the system to communicate its 

current status to the user, e.g. what it is doing, what it intends to do, or whether it is 
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deviating from what it is supposed to be doing (Lewis & Norman, 1995). While there 

also exists feedback between humans, in the form of advice, opinion, idea, reflection, or 

consideration, feedback between humans and technology is a fairly different interaction 

(Saplacan & Herstad, 2017). Generally speaking, feedback is a form of communication 

which can be represented in several contexts. In our case, the most relevant 

representation is multimodal feedback which can be in the form of acoustic, visual, 

haptic, or video feedback (Kächele et al., 2014). 

 Norman (1990) identified feedback as one of the central design principles. 

According to Liu and Hwang (2000), feedback plays a pivotal role in increasing 

situational awareness, which in turn supports the development of trust. Additionally, Lee 

and Moray (1994) put forward a hypothesis that a better understanding of how an 

automated system works will also increase trust in the system. "People rely on faulty 

automation when they are aware of automation imperfection" (Atoyan et al. 2006), as 

they can then plan how they will work around any given imperfection. In the case of 

elderly users, additional care needs to be taken in order to understand how the feedback 

will be interpreted, keeping in mind factors such as physical and cognitive limitations 

(if any), as well as previous experience and exposure to technology.  

 According to Turner (2008), the technology feels more intuitive to the end-user 

when it is similar to something they have used before. Winograd and Flores (1986), and 

Herstad and Holone (2012) further argue that a pre-understanding, based on previous 

experience, is required to gain understanding of something new.  Joshi and Bråthen 

(2016) suggest that this aspect of familiarity  can be used to enhance the usability, as 

well as a user's willingness to use a piece of technology, while also mentioning that 

“usability alone does not guarantee that the technology will be used (Hirsch, Forlizzi et. 

al 2000)”.  

 Existing literature clearly indicates the importance of good communication in 

building trust (Cullen, Johnson & Sakano, 2000; Das & Teng, 1998; Webb, 1991). As 

presented earlier in section 3.2, communication, through feedback, can play a key role 

in creating situation awareness, which further helps build trust (Liu & Hwang, 2000).  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4.1 Philosophical paradigm and methodology  

The nature of our research is exploratory, aiming to gain a broader understanding about 

a phenomenon (i.e. the use of robots in the home of elderly users). In addition to 

reviewing earlier research done in the field, this understanding can be gained by 

engaging with relevant stakeholders in our field of interest and learning about the 

phenomenon through the meanings people assign to them i.e. the elderly's own 

experiences (Walsham, 1993). This differs from other research approaches where the 

goal may either be to support or to critique a certain point of view or claim.  

 Clearly, our goal was not to prove something through numerical evidence or 

experimental procedure, but rather study a cultural and social phenomenon. Thus it was 

evident that for this research, we would be taking a qualitative approach as opposed to a 

quantitative approach. Qualitative research can be broken down further into positivist, 

interpretive, and critical 'paradigms'. Simply put, the positivist paradigm assumes that 

there is an absolute truth or reality, which can be described or presented objectively 

without the influence of the researcher. Critical research aims to find and present faults 

and contradictions in current society in the hopes of instigating change.  

 Interpretive research on the other hand, assumes that reality is socially 

constructed, and focuses on the complexities of how humans make sense of a situation 

as it emerges. Reality is thus deemed to be shaped through social constructions such as 

language, consciousness and shared meanings (Kaplan & Maxwell, 1994; Myers, 1997). 

Our research is based on active interaction with our participants. The results of the 

research will be impacted by not only the procedures of the data gathering process, but 

also by the personalities and backgrounds of the researchers. Each researcher will have 

unique interests and priorities, as well as previous knowledge, which will shape how the 

research is conducted, and further influence its results. Consequently, the interpretive 

paradigm can be considered to be most appropriate for our research.  

 Within the interpretive research paradigm, there are multiple methodologies 

that would be suitable for our purposes. Ethnography, for example, would be a way to 

gather in-depth data about users, their behaviour, and their experiences when using 

semi-autonomous devices in the home. However, in order to conduct a comprehensive 

ethnographic study, one would ideally require a longer period of time to be able to 
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overcome challenges such as gaining the trust of the participants, learning how not to be 

intrusive, etc. Thus, our main strategy of inquiry i.e. chosen methodology, is to treat the 

research as an exploratory case study. This decision stems from Flyvbjerg's (2006) 

article shedding light on the strengths of case studies. Case studies provide valuable 

practical, context-dependent, knowledge and help build generalisations based on 

individual cases, contributing to scientific development. Case studies allow for 

hypotheses generation, testing and theory building, along with providing space for the 

researcher to be open to new perspectives and avoid confirmation bias (Plous, 1993). 

Baxter and Jack (2008) define the case of a case study to be a unit of analysis, which in 

our case is the robot vacuum cleaner. The chosen methodology may prove effective in 

our investigation, as it allows us to examine a phenomenon within a specific context i.e. 

robot vacuum cleaners being used by the elderly, and draw generalisations from there 

(Flyvbjerg, 2006; Walsham, 2006). Yet, the case study will also function as a narrative 

in its entirety, as we are able to tell the story about "Technology use for the elderly," and 

hence serve as a valuable force of example (Flyvbjerg, 2006).  

 Stake (2005) mentions that a case study “gains credibility by thoroughly 

triangulating the descriptions and interpretations, not just in a single step, but 

continuously throughout the period of the study”. Having chosen the desired strategy for 

inquiry, the research includes qualitative research methods, such as interviews, 

observations, diaries and focus groups (Crang & Cook, 2007; Blomberg et al., 1993; 

Silverman, 2005). 

4.2 Methods 

A variety of qualitative methods have been used to gather and analyse the empirical data 

while conducting research for this thesis, which were chosen with the purpose of 

gaining the most relevant and accurate understanding of the research topic. While some 

methods and related activities provided the desired results as planned, we also faced 

challenges and weaknesses when utilising others. There were also ethical issues to be 

considered. 
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4.2.1 Observation  

Observation as a research method enables the study of a phenomenon in "naturally 

occurring settings" (Crang & Cook, 2007; Blomberg et al., 1993; Silverman, 2005). In 

other words, for our research, we can gain knowledge about how  different users 

experience robot vacuum cleaners by directly observing their interactions in real-life 

situations.  

 Observation was used in two contexts: to learn about the case and artefact itself 

(robot vacuum cleaner), as well as to learn about the interaction between users and the 

artefact. Rogers et al. (2015) suggest using observation as a supplement to  other forms 

of data gathering that rely solely on the users' account of a situation, e.g. interview, 

surveys. Observations allow researchers to gain first hand insight into a given context. 

 We also conducted participant observation, as an important means to develop 

"intersubjective understandings between researcher and researched" (Crang & Cook, 

2007). In this context we needed to consider questions of access as we planned to take 

existing positions/ roles in a community: providing telephone support for the 

participants (Rogers et al., 2015). 

 Both direct and indirect observation were used. Direct observation involved 

being present during the use of the robot vacuum cleaners and watching the participants 

throughout the process of operating the vacuum cleaner, including initial preparations, 

the process of the cleaning itself, docking, and cleaning out the dustbin. However, in 

many cases, direct observation was not practical and needed to be replaced or 

supplemented by indirect observation through the use of diaries and pictures taken by 

participants. Indirect observation is also advantageous in reducing potential observer 

bias, i.e. the fact that participants’ behaviour may change because an observer is present 

(Lazar, Feng & Hochheiser, 2010).  

 As a part of indirect observation, participants were asked to write regular diary 

entries describing the experiences with the robot vacuum cleaner, as well as take 

pictures or draw diagrams to better illustrate the interaction or any issues encountered. 

Pictures not only help the researcher to better understand the user’s perspective and 

experience with the robot, but can also give additional insight into the interaction 

between the participants and the artefact that the user him/herself may not have thought 
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of and is hence not mentioned in the diary. The use of diaries as a research method is 

outlined in more detail in Section 4.2.3. 

All  direct  observation  was  conducted  in  a  natural  setting,  at  the  respective 

participant’s home. Since the context of the interaction is especially important in the 

case  of  elderly  adults,  observing  them in  the  setting  of  their  home  would  provide 

valuable insight into the specifics of the environment and how this might affect the 

interaction.

4.2.2 Interview  

Interviews are a commonly used qualitative research method. In this study, a 

variety of interview techniques have been used, including semi-structured interviews 

and focus groups. Unlike a structured interview, which follows a scripted, pre-defined 

set of questions, a semi-structured interview is based on a list of questions only as a 

starting  point.  It  allows  for  a  conversation  to  develop  based  on  the  interviewee's 

responses, and is designed to provide additional insight and understanding into the topic 

(Lazar  et  al.,  2010).  Moreover,  well  thought-out,  open-ended  questions  allow  for 

detailed responses and encourage reflection, which in turn helps to generate ideas and 

insight - one of the key advantages of an interview as a research method. 

Lazar et al. (2010), however, also mention potential pitfalls of interviews, such 

as problems of recall and context disconnect. That is, when an interview is conducted 

some time after the actual use of the robot vacuum cleaner, the user may have trouble 

recalling the details of the experience. In order to mitigate the impact of this weakness, 

interviews can be combined with other methods such as observation, the use of diaries 

and/or probes. 

Focus groups may be considered as a type of interview, where instead of a one-

on-one conversation,  a  discussion takes  place  between several  participants  led  by a 

facilitator(s).  The number of  participants  can range between five and twelve people 
(Lazar et al., 2010). A key merit of a focus group is the opportunity to uncover a broad 

range of viewpoints in an interactive and dynamic manner.
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4.2.3 Diary 

"The diary study is a method of understanding participant behaviour and intent in situ 

that minimises the effects of observers on participants. Diary studies differ from other 

field study methods in that researchers are remote from participants and participants 

control the timing and means of capture" (Carter & Mankoff, 2005).  They are 

especially useful when periods of prolonged participant observation are not practical 

(Jacelon & Imperio, 2005). While interviews can also be used to gather the same kind of 

information, interviews require a participant to recall what has happened at an earlier 

point of time. As participants may have trouble recalling all the details of the 

experience, the data collected during an interview may not always provide a correct 

representation. 

 Carter and Mankoff (2005) divide diary studies into two main categories: 

feedback and elicitation diaries. In a feedback diary, the diary itself provides feedback 

in the form of user responses or reflections and is not used as a prompt for further 

discussion. On the other hand, an elicitation diary is used as a memory cue during later 

interviews to help the user recall the experience and expand on each entry/ data point. 

Feedback diaries tend to focus on answering questions specified by the researcher 

beforehand, while elicitation diaries record events/ occurrences that the user finds 

meaningful/ significant (Lazar et al., 2010). Elicitation diaries tend to have short text 

entries or pictures/ short videos that simply record the occurrence but do not describe it 

in detail. These diary studies, however, may suffer from a problem of recall since the 

diary is used as a prompt during later interviews, while feedback diary studies are 

conducted in-situ. There is hence a tradeoff in using the two types of diary studies: 

accuracy of recall vs. burden of keeping a detailed record as the events occur (Carter & 

Mankoff, 2005).  

 In this study, a feedback diary was primarily used as the participants were asked 

to keep a record of each interaction with the robot vacuum cleaners, as well as general 

reflections on the topic. Additionally, the users were asked to take pictures to 

supplement the diary entries.  
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 In order to facilitate the users creating diary entries and suggest possible topics 

of discussion, cultural probes were used as part of the diary study. These took the form 

of flash cards with schematic representations of various situations/use cases of the robot 

vacuum cleaner (e.g. docking, emptying the dustbin etc). Probes are external aids used 

to elicit feedback on a particular subject. Moreover, probes help to reveal attitudes and 

practices that participants may not have fully articulated (Lazar et al., 2010). Gaver, 

Dunne and Pacente (1999) used postcards, maps, cameras, photo albums and diaries to 

get a better understanding of the elderly for the Presence Project. The probes acted as a 

means to collect responses from the elderly (the material was posted back to the 

researchers) to better understand the cultural and social aspects of their lives. This 

insight would later inform the elderly about the proposed designs for the project, aimed 

at increasing the presence of the elderly in their communities.  

 Jacelon and Imperio (2005) suggest combining diaries with follow-up 

interviews, which can provide a rich source of data about day-to-day activities of 

participants. Zimmerman & Wieder (1977) also encouraged this combination of diaries 

and interviews by considering its ability to approximate participant observation. In 

order to exploit these benefits, we resorted to using this combination as well.  

4.3 Data Gathering 

4.3.1 Introduction to robots at author's home 

To gain an understanding of the capabilities, challenges, and limitations of the robot 

vacuums, as technological artefacts, the robots were first operated at my home, which is 

a 112 square meter apartment, with a significant amount of furniture, some carpets, as 

well as some loose items that had been placed on the floor. This allowed me to be alone 

with the robots in action, where I could observe the robots without having to answer any 

questions. It also allowed me to be prepared to answer possible technical questions that 

may arise when the robots were taken to the elderly users who would participate in our 

study. I observed, took notes and captured images of the process of receiving a new 

robot vacuum cleaner as well as three different instances of interacting with it:  
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 1. Installation  

 2. Operation on demand 

 3. Scheduled operation  

This was repeated for all three types of vacuum cleaners that were used during the 

study. At one point, I also let two of the vacuums work simultaneously, which led to 

some interesting observations. 

4.3.2 Pilot study at colleague's home 

A pilot study was conducted at a colleague's home. The participant was 41 years old, 

working as an oil and gas analyst, and had had significant exposure to digital 

technology through school, work, as well as privately. The session began with an 

informal discussion and interview, consisting of questions related to the user's previous 

experiences with technology, household chores, and robots. Following the interview, the 

user was introduced to the iRobot Roomba robot vacuum cleaner. The user set up the 

robot vacuum cleaner according to the provided instruction, placing the dock in the 

corner of his living room, and connecting it to a power source. He did not, however, 

want to use the accompanying app, and thus operated the robot vacuum using the 

available buttons on the device.  

 I observed the process of installation and operation, which seemed quite hassle-

free, while at the same time keeping an eye on the user's facial as well as verbal 

expressions. The user was asked to take notes of his experience with the device. After 

allowing the iRobot Roomba to run for approximately 20 minutes, the user was asked to 

dock the robot vacuum cleaner, and a follow-up discussion/interview was conducted. 

Notes were taken during the entire session, and additionally audio was recorded during 

the two interview sessions (audio recording was paused during operation of the vacuum 

cleaner due to high levels of noise produced by the vacuum cleaner). With successful 

initial data gathering activities, it was appropriate to move on to more comprehensive 

activities to gather more insight over a longer period of time. 
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4.3.3 Notes from various users 

In order to gather some general data about the robot vacuum cleaners, we decided to 

select some participants that we knew would be willing to try out the new technology. 

At the same time the users had a reasonable amount of previous exposure to digital 

technology which would allow them to overcome certain barriers which may have been 

impossible for many elderly participants on their own. The participants were also 

selected from a variety of professions and fields of expertise. This provided for valuable 

and varied feedback about the use of robot vacuum cleaners. Table 2 provides an 

overview of the participants. 

Table 2. Overview of participants 

 The participants were each given a robot vacuum cleaner to use at their 

respective homes for approximately a week. They each received one of the three robot 

vacuum cleaners purchased for the study; iRobot Roomba 980, Neato BotVac 

Connected, Samsung PowerBot VR20H. In contrast to our first participant, who was 

living alone, many of these participants were living with at least one other person. This 

Participant Activity Device

Female (30) Diary, Interview Neato BotVac

Female (89) Diary, Interview, Observation iRobot Roomba

Female (28) Diary Neato BotVac

Female (82) Diary, Interview iRobot Roomba

Male (44) Diary Neato BotVac

Female (32) Interview, Observation iRobot Roomba

Female (87) Diary Samsung PowerBot

Male (37) Diary Samsung PowerBot

Male (44) Diary, Interview, Observation iRobot Roomba

Male (36) Diary Samsung PowerBot

Male (78) Observation, Diary iRobot Roomba

Kampen Omsorg+ 
residents Workshop, Group interviews Multiple

!49



provided for interesting interactions between the participants, the robot vacuum 

cleaners, and others who witnessed the operation of the robot vacuum cleaners. 

 No assistance was provided with regard to installation and set up. This allowed 

for interesting reflections on the installation process. All observations and reflections 

were recorded in the form of a diary. In most cases, analysis of the notes was followed 

by informal discussions. 

4.3.4 Data gathering at an elderly lady's home 

We were lucky to have the opportunity to conduct data gathering over a longer period of 

time at the residence of an elderly lady (89). She was living alone at her home, an 

independent house located approximately 15 kilometres south of Oslo, Norway. She 

was introduced to the iRobot Roomba on the 20th of March 2017 and used it for exactly 

one month. During this period we were in contact with her through visits as well as over 

telephone and gathered data through various methods such as interviews, observations 

and diaries. 

Interview 

Our first data gathering activity with her was to conduct a pre-study interview, as well 

as introduce her to the iRobot Roomba robot vacuum cleaner. A group of three 

researchers, and one professor from the MECS project were present. We started with a 

semi-structured interview (see chapter 4.2.2).  

We had prepared an interview guide which was used to maintain flow in the discussion 

as well as try to cover topics which we had pre-defined to be of interest. However, we 

also made a conscious effort to allow the participant to speak freely without any 

interruptions from our side. This allowed us to discuss and gather information on certain 

topics which we had not previously thought of, but were nevertheless relevant and 

interesting for our study.  

 The interview provided us a good understanding of the participant's background, 

household routines and previous experience with technology, while at the same time 

allowed the participant to learn about the ongoing research, and build a relationship 

with the researchers. The participant, being a teacher by profession, also provided the 
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researchers with tips on pedagogical techniques in order to teach elderly users about 

new technology, and what challenges they might face. This proved to be useful in our 

future meetings with elderly users.  

 Following the interview, we took out the iRobot Roomba vacuum cleaner and 

showed it to the participant. From our previous experiences, we had decided that we 

would complete the installation process ourselves, and then explain the operational 

procedures to the participant. This process alone triggered many interesting reactions 

and questions from the participant, which were valuable for our study.  

 Before leaving, at the request of the participant, we had set up a schedule for the 

robot vacuum cleaner through the accompanying app. It would operate on Mondays and 

Thursdays, starting at 10 am. It was intended for the participant to have the iRobot 

Roomba in her home for the next 2-3 weeks, allowing her to get used to the robot 

vacuum cleaner, as well as reflect over its usefulness and challenges related to its use. 

However, this period was later extended to approximately three months (20th March 

2017 - 21st June 2017). 

Diary 

In addition to setting up the robot vacuum cleaner, and explaining its operation, we 

provided the participant a notebook to be able to jot down any thoughts or observations 

she may have during the use of the device, or any general reflections about technology 

and robots in the home in the form of a diary. We also provided some probes in the form 

of cards with images of the vacuum cleaner and its different activities e.g. emptying 

dust bin, placing the robot manually on the dock, etc., in order to help trigger reflection 

and note-taking. The participant was also encouraged to contact one of the researchers 

in case she had any questions or required any assistance during the use of the robot 

vacuum cleaner. She was provided with the phone numbers and e-mail addresses of the 

researchers. Diaries were also used for additional users recruited from Kampen 

Omsorg+ as presented in Figure 8. 

!51



!  
Figure 8. Diary of Brita, a resident of Kampen Omsorg+ 

Product Support Hotline 

This offer was quickly utilised. A few days after we had visited the participant's home, I 

received a call from her. There was a red light blinking on the control panel of the robot 

vacuum cleaner. However, she did not understand what that light meant, and thus did 

not know how to solve the issue either. My only response to her was that I would look 

into it and let her know, to which she responded and informed me that one of the 

professors from the MECS project would be visiting her later today, and he could 

possibly help her with her issue, which he did.  

 Serving the user as if we were providing customer support for the robot vacuum 

cleaner, allowed us to get an understanding of what sort of issues users face when 

operating such robot vacuum cleaners. At the same time it gave us insight into the 

challenges of helping a user over telephone, trying to solve their issues with a certain 

product or service. 
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Further interviews, summary and follow up 

Our study with this participant continued in the form of telephone support, but also 

additional interviews. We conducted an interview after she had been using the robot 

vacuum cleaner for a few weeks in order to collect her diary entries, as well as to get 

feedback about her experiences with the robot vacuum thus far. Although we had 

provided a notebook for the diary entries, the participant did not feel comfortable 

sharing her own handwriting with us, and thus decided to type up all of her observations 

and printed a copy for us. 

 We conducted another interview when her time with the vacuum cleaner had 

come to an end, which is when we collected the device to be reused by other 

participants. The goal for this interview was to get a summary of her time with the robot 

vacuum cleaner, as well as any feedback she had on the process of the conducted study 

as a whole. She also had some insight into how her daily routine might change once she 

does not have access to a robot vacuum cleaner any longer.  

 A final, follow-up interview was conducted several weeks after the participant 

had returned the iRobot Roomba she had been using during the study. The intention for 

this interview was to uncover any possible inconveniences resulting from the lack of the 

robot vacuum cleaner, and also to compare what the participant had expected during the 

previous interview with what she actually experienced. 

4.3.5 Users at Kampen+ 

Our study continued at an elderly home called Kampen Omsorg+. The home has been 

an active partner of the MECS project, and thus many of the researchers from the 

project had previously been there on multiple occasions. This meant that many of the 

residents of the home were well aware of the department of Informatics at the 

University of Oslo and some of the ongoing projects at the department. This also meant 

that there was a form of trust between the researchers and the residents. 

Focus Group 

 The first activity conducted at Kampen with regard to this study was a workshop 

with the residents (Figure 4). This again provided us an understanding of their 
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backgrounds and previous exposure to technology. We also learned about what they 

think and feel about technology in general, and more specifically about semi-

autonomous devices that could eventually provide many of the services that are 

currently being provided by humans. The workshop also provided us the opportunity to 

recruit participants who would be willing to test robot vacuum cleaners in their homes.  

4.4 Ethical Considerations 
  

Doing research about individuals and their interactions with robots, especially in their 

homes, can present ethical concerns that need to be considered. These concerns are 

amplified when the individuals involved are senior citizens. Sharkey and Sharkey 

(2012) identify the following concerns: (1) the potential reduction in the amount of 

human contact; (2) an increase in the feelings of objectification and loss of control; (3) a 

loss of privacy; (4) a loss of personal liberty; (5) deception and infantilisation; (6) the 

circumstances in which elderly people should be allowed to control robots. Awareness 

of these issues helped us identify and consider them when they became apparent during 

our research. 

4.4.1 Practical concerns  

In addition to the philosophical concerns, there were also practical concerns emerging 

from the fact that there would be a physical device moving about in a space shared with 

the participants. Due to the small size of the robot vacuum cleaners used in our study, 

and their relatively slow speed, the chances of any collision that could result in a fall, 

was assessed to be minimal. In order to address even the smallest possibility of an 

unforeseen event, the staff at Kampen was informed about the study and the residents 

that were participating. For participants residing in their own homes, at least one family 

member was informed about their participation in the study. 
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4.4.2 Informed consent  

All participation in the research activities that were conducted for this thesis was 

voluntary. Prior to commencing each of the activities, the participants were provided 

information about the project, the specific activity they were about to partake in, as well 

as how the gathered data would be used, stored, and who would have access to it.  Only  

data of participants that formally agreed to participate in our activities, by signing a 

written consent form (Appendix A), was used. Photos were taken during many of the 

activities and audio was recorded for all our interviews. The recordings were later 

transcribed as well. All data was stored on secure servers using the University of Oslo's 

Services for sensitive data (TSD) in order to respect the confidentiality of the 

participants' personal information (University of Oslo, 2018).  

 The MECS project is registered with the Norwegian Center for Research Data 

(NSD), and has received its approval to follow through with the project according to the 

guidelines outlined by its Data Protection Services, the details of which are publicly 

available as well as in Appendix B. All data gathering, processing and storage has been 

done strictly following the guidelines set forth by NSD.  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Two of our participants, we will call them Brita (82, female) and Erik (78, male), who 

were willing and interested to use a robot vacuum cleaner, were recruited through the 

workshop conducted at Kampen. We met first with Brita and handed over the iRobot 

Roomba. Two weeks later we met Erik to hand over the Neato BotVac Connected. Both 

had already heard about the robot vacuum cleaners, and had shared information about 

themselves during the workshop. Nevertheless, we had a brief discussion and informal 

interview before handing over the robot vacuum cleaners, repeating some of the same 

topics from the workshop, as well as some additional topics that were more specific to 

the use of the robot vacuum cleaners.  

 Brita expressed her enthusiasm about technology along with her frustrations 

with many aspects of it. She was keen to see how useful the robot vacuum cleaners 

would actually be. We took out the iRobot Roomba, and completed the initial set-up, 

plugging in the docking station to power, and docking the vacuum cleaner. Brita was 

quite comfortable using her smartphone, an iPhone, and wanted to be able to control the 

vacuum cleaner with the accompanying app if necessary. Although we knew it would be 

a challenging task for Brita to complete on her own, we expected the process to go quite 

fast. We thought to ourselves, "we are four researchers from the department of 

informatics, and several of us have done this before, this should be easy." However, we 

faced a series of unexpected challenges, mostly related to the WiFi set up at Brita's 

apartment. Brita was amused at the fact that this seemingly simple task proved to be so 

time consuming for four who are so familiar with modern digital technology. She said, 

"If it was so difficult for you people, it would have been completely impossible for me, 

or anyone like me [to set up the vacuum cleaner]." 

 For Erik, however, the process was simpler. Erik uses a wheelchair to navigate 

through his apartment, as well as around the building. Thus, his apartment seemed to us 

to be 'wheel friendly', such that it would be easy for anything with wheels to get around. 

The floor was clean, there were no loose items on the floor, and minimal furniture 

(Figure 9). Additionally, Erik did not want to use the app for his robot vacuum cleaner, 

which saved us quite some time. 

 The data collected from the participants sheds light on the realities surrounding 

the barriers and motivations for the elderly to use new technology, more specifically, 
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semi-autonomous robots in the home. Through interviews and observations, we have 

collected qualitative empirical data in the form of voice recordings, photography, and 

written notes. The collected data was then studied and reviewed in order to extract 

meaning from it. 

!  
Figure 9. Erik's apartment. Neato BotVac placed by window. 

 Although we did not intend to construct any theory from our data, we 

nevertheless used coding techniques from the Grounded Theory methodology (Glaser & 

Strauss, 2009). Our research intends to explore factors effecting technology use, and 

thus, while analysing our data, our primary goal was to identify phenomena that were 

related to this topic. We did this initially through open coding, followed by grouping 

related phenomena into concepts, and further creating categories for related concepts 

(Lazar et al., 2010). Additionally, we were careful not to discard phenomena that 

seemed unrelated, as these could prove to be relevant to the research topic after further 

analyses, or may even be significant enough to shift the overall focus of the research.  

 Through our analysis, we identified two eminent issues that affect technology 
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use, not only among elderly users, but also users from a younger age group. The first 

factor being the users' motivations behind using new technology, primarily, the desire to 

not be dependent on others. The second factor we identified was the barriers that 

affected the level of trust toward new technology, which prevented users from using 

new technology. Additionally, we have identified feedback as an aspect that can be 

addressed in order to overcome some of the existing barriers. Our findings on these 

issues are presented in this chapter. 

5.1 Motivations 

For most people, routine tasks at home are a constant. These tasks can include cooking, 

cleaning, getting dressed, personal hygiene, etc. Thus, when new technology is acquired 

to perform such tasks, there may be one or many underlying reasons for choosing a new 

way to perform tasks that were already being performed in a certain way. In this chapter 

we present the most prominent motivations behind using new technology, that have 

emerged through our study: a user's wish to be independent, suggestion or pressure from 

family members, appealing qualities of the new technology in question, and new tasks 

that need to be done.  

 As expected, most of the elderly participants involved in our study, were 

generally reluctant to try anything new. They were content with the way they were 

managing their day-to-day tasks. One participant stated the following: 

“Sometimes I feel like I might not even be able to learn anything new. At our 

age we've seen so much and learned so much, that we just want to stay put 

with the things we already know how to use. We don't have the energy to get 

used to so many new things.”  

  

 Dalton and Gottlieb (2003) discuss the concept of ‘readiness to change’ and 

mention several factors, such as changes in a user's physical condition, how much 

energy they have, as well as their willingness to change. When users “experience a high 

degree of readiness, they report less anger, less depression, and view their condition in a 
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more positive light.” We therefore look at some factors that can contribute to making a 

user more ready towards using new technology. 

5.1.1 The longing for independent living 

In line with our first research question, one of the main motivations behind using new 

technology, that emerged from our study, was the participants' wish to be independent. 

This was common for all age groups of participants, with some variation in the kind of 

independence they were seeking. For our elderly users, the source of their wish for 

independence was their physical weakness. For many tasks they were dependent on 

others, and this varied according to how old, and how physically challenged they were. 

We had participants using wheelchairs, as well as walking frames, and also those who 

did not use any assistance at all to walk or get around. However, all of our elderly 

participants were dependent on external help to clean their homes. As mentioned earlier 

from the perspective of privacy, one of the users explicitly mentioned her satisfaction of 

not having to deal with a maid. Similarly, all of the elderly participants expressed their 

dissatisfaction in having to call someone and waiting for them if something needed to 

be done. These thoughts extended beyond just being able to clean the home.  

 One of our participants lives alone in an independent house. She has a fairly 

large back yard which requires regular mowing. She is no longer comfortable mowing 

the lawn herself. While she occasionally used to get help from others, now she no 

longer needs it. She now uses a robot lawnmower. Although reluctant at first, her 

children convinced her to use it. She now greatly appreciates the device, and 

acknowledges the benefits.  

 As the MECS project aims to shed light on elderly care in general, several other 

possible uses of robot technology were also discussed with the participants during the 

interview sessions. Using robots for dispensing medicine, having robots as companions, 

as well as robots that could perform basic health checks were among some of the 

functionality which the elderly participants felt would increase their ability to live 

independently.  

 Evidently there are many existing tasks where the elderly require assistance due 

to their physical limitations. One key purpose of adopting new technology is to get the 
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required assistance without having to depend on others. However, advancements in 

technology are also creating new tasks and activities that were previously done in a 

completely different way, or did not exist altogether. These new ways of performing 

certain tasks also motivate people to take into use new technology. 

5.1.2 Novel activities 

Activities such as e-mail, video-telephony, browsing the internet and not to mention 

mobile telephony, have become an integral part of daily life for most of us. However, 

much of these activities can be considered relatively new, especially for those who have 

spent most of their lives without them. While some of these new activities are an 

evolution of already existing activities, the help of new technology is often required to 

enable people to perform these novel tasks.  

 One of the elderly participants shared her experience of using new technology to 

perform a completely novel activity, by recounting when her family got their first 

television. "When we got our first television, it was a big event. The whole family had 

gathered to watch it together for the first time. It later became an integral part of our 

daily lives. In one way it replaced the radio we had at home, but it was also something 

completely new and something we couldn't have imagined before." She elaborated more 

on how she almost never uses her television anymore. She prefers to watch the shows 

she likes through an app on her iPad, on her own time. A clear example of how 

technology supports activities that otherwise would not exist. 

5.1.3 Social factors  

Another key motivation for using new technology is the wish to be on the same page as 

friends and family with regard to technology. According to our participants, using 

similar technology as others provides a vast range of benefits. It provides for easier 

access to help, as friends and family are acquainted with the technology themselves, and 

can easily provide a certain amount of help in case of a breakdown situation. It can also 

be a source of self-confidence, especially for elderly users, who have expressed that 

they felt more confident in their ability to handle technology in general, when they were 
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successfully able to use the same technology as their children and grandchildren. It can 

also be a topic of discussion, and help prevent social isolation in cases where the 

technology, or the tasks performed with the help of the technology, is discussed. This 

was mostly true for our younger participants. 

 All participants of our study owned a mobile phone, and with the exception of 

one elderly participant, it was a smartphone with a touch-screen user interface. When 

asked why and when they started using a smartphone, the unanimous answer was, 

because everyone was using one. Specifically for our elderly participants, one of the 

main reasons for using a smartphone, was that their children, and other younger family 

members were using one. While some participants took the decision themselves, many 

of the elderly participants were persuaded to start using a smartphone. One elderly 

participant stated, “I didn't really need a smart phone. I was quite happy with my 

normal cellphone, but my daughter got one for me. It's not so easy for me to use, but at 

least now I can easily see pictures of my grandchildren when my daughter sends them to 

me through messages on the phone.” 

 The lawn mower example from the previous section also illustrates the social 

factors leading to the use of new technology. Had there not been an effort from her 

children, our participant probably would not have started using her robotic lawn mower. 

The reluctance to use the technology can be related to the lack of trust toward it, and 

thus, interestingly, social factors may contribute to overcoming this lack of trust. In 

addition to social factors, there may also be factors that are more individual, such as the 

benefits emerging from the use of the technology. 

5.1.4 Properties of technology 

Any new piece of technology will be expected to perform a single task, or a series of 

tasks; and thus its ability to perform the given task(s) will play a significant role in 

deciding which technology should be used. As with purchasing any product, along with 

its performance, its price, as well as the physical appearance (when applicable) of the 

technology, may also influence the decision to use it. This was validated by information 

we gathered from several of our participants. 
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 For example, the fact that our robot vacuum cleaners could navigate and clean 

around the home independently was already a major factor of motivation for all of the 

participants. Due to most of the participants not having used such a device earlier, there 

was initial scepticism, but nevertheless great enthusiasm as well. One participant stated, 

“Will it (the vacuum) really be able to go around the house? Even with all the furniture 

and carpets? That would be really great. Imagine coming home to a clean house 

everyday.” Another participant expressed her irritation toward the task of vacuuming, “I 

think vacuuming the house is one of the tasks I dislike the most. So having a little robot 

doing that for me would be really helpful.” While using an autonomous vacuum can 

also be seen as a novel activity, here we look at autonomous navigation as a property of 

the technology. 

 An easy-to-use user interface was also an aspect that was positively mentioned 

by several participants.  

“I really liked that it had big easy buttons. I tried to use the app you 

installed on my iPhone, but it was just so much easier to press start and stop 

on the vacuum.”  

On the contrary, another participant praised the app, 

“On the app, I could easily schedule when I wanted the vacuum to clean. I 

also could start and stop it when I wanted to. I also got messages when it 

got stuck. So I didn't have to worry about leaving it alone at home.” 

 For our study, we used three different robot vacuum cleaners that were 

manufactured by three different companies, as shown in Figure 2 in section 2.1. Of the 

three models, the Samsung PowerBot was slightly taller. It also had a slightly bolder 

design, compared to a more simple design for the other two robot vacuum cleaners. 

Most participants only saw the robot vacuum model they would use. However, one 

participant had the opportunity to see all three devices we had available. One of his first 

comments after seeing the vacuum cleaners for the first time, was, “I don't think I'd like 
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to have that one (pointing at the Samsung PowerBot) going around in my house, it looks 

a little intimidating. Please give me one of the other ones”. 

 While we didn't have the opportunity to explore how pricing could effect the  

motivation to use technology with our participants, we made an interesting observation 

on our process of deciding which three robots we would purchase, with regard to 

pricing. While our primary focus was the quality and functionality of the vacuum 

cleaners, we were also looking at the prices. We were looking for the most expensive 

vacuum cleaners that were available in the market. We associated the higher price range 

to better quality and performance. In our case, this association was correct, as the three 

vacuum cleaners we had purchased, were among the top four most expensive vacuum 

cleaners available in the market, and also boasted the most power and functionality. 

Through this observation, we realised that not everyone will necessarily be looking for 

the lowest price, but rather the best performance within their designated budget. 

 Whether it's the price, the looks, or the performance, the properties of a piece of 

technology undoubtedly play a significant role in attracting its user, and motivating him/

her to use it. Similarly, we've seen that desire for independence due to physical and/or 

mental needs, novel activities, and social factors are some of the prominent motivators 

that can promote and support technology use. Let's take a look at how these motivating 

factors, together with our knowledge about the possible barriers for technology use, can 

become the basis for creating technology that will be used by those it is intended for. 

5.2 Trust 

From the initial interviews, of the elderly, there was a shared scepticism towards the 

new technology. Some were already happy with the way things were, and did not need 

any change in the current routine. Others were afraid of possible breakdown situations. 

It was apparent that multiple factors affected the level of trust felt towards the 

technology, which prevented the participants from taking the technology into use 

straight away. One of the earliest questions we received from multiple participants, was 

about what they should do in the case it didn't work. It almost seemed like they were 

certain that the robot would break down at some point: either get stuck, not start at a 
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given time, stop in the middle of a cleaning session, not find its way back to the base 

station, etc. There was a clear lack of trust for the technology, which, leading to the fear 

of a breakdown situation, seemed to be the most prevalent barrier. Along with the fear 

of a breakdown situation, we noticed two additional barriers that affected the 

participants' trust, and further willingness to use robot technology. One such barrier was 

the elaborate process of setting up and installing the devices, and the other was the issue 

of privacy. This section will discuss our findings in relation to these barriers: set-up/

installation, fear of breakdown, and privacy. 

5.2.1 Installation and set-up 

There is a clear difference in the attitudes towards technology between the different age 

groups. Evidence can be drawn from the fact that none of the elderly participants were 

eager to set up their designated robot vacuum cleaner by themselves. At the same time, 

it must be mentioned that those conducting the study, from the MECS project, did not 

encourage, or even ask the elderly participants whether they would like to install the 

robot themselves, or whether they would like to receive assistance. This stems from the 

fact that the concerned members of the project were aware of the difficulties involved 

with setting up a robot vacuum cleaner for the first time, and believed that this task 

would be too difficult as well as time consuming to be performed by an elderly 

participant. On the other hand, the younger participants were able to set up the robots 

themselves, albeit with their own challenges. 

 From my own previous experiences, as well as from data gathered from 

participants, it was apparent that regular vacuum cleaners require minimal effort with 

regard to installation and set-up, which may include inserting a bag, for those that 

require it, and connecting to a power source.   

 For the robot vacuums, however, through my observations, I was able to learn 

about the somewhat complicated installation process. Two of the three robots that were 

purchased for this study, had wireless internet capabilities, which allows the user to 

communicate with and operate the vacuum cleaner remotely through an app. Although 

the robot vacuum cleaners would be able to operate without wireless connectivity, there 

were several convenient features (in my opinion) that came through the app, such as 
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notifications if the vacuum got stuck, or needed help, overview of the work it had done, 

etc. Setting it up, however, seemed to be a not-so-straightforward task. 

 First and foremost, there was a long list of steps that needed to be performed in 

order for the vacuums to be connected to the wireless network and the internet. Of 

course this also meant that it was a prerequisite to have a wireless internet connection 

installed in the home. Although this may be obvious for some users, many older users 

may not be aware of this requirement. This could already be slightly intimidating for a 

user that is not very familiar with smart phones or using the internet. 

!  
Figure 10. Smartphone application interface requiring new account registration (left), Snippet 
of e-mail address verification mail from Neato (right) 

Registering a new account 

The process was similar for both wifi-enabled vacuums with one exception. The Neato 

BotVac smartphone app required a user account, while the Roomba iRobot did not. For 

a new user, who has not used any Neato product before, or has not previously created an 

account, is thus required to enter an e-mail address, create a password, and then also 

verify the address through an e-mail that is sent from Neato to the previously entered e-

mail address. I, along with the younger participants of the study took this step for 

granted, as it has become a common step for most services that are connected to the 

internet. However, in discussions with elderly users, the usefulness of creating an 

account was questioned as one user said, "Why do I need to open an account with them 

to have my floor cleaned?" [Hvorfor må jeg åpne en konto for å få ryddet gulvet?]. 

Another user expressed their unwillingness and discomfort in having to type on a 
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smartphone; "I can't be bothered to use this keyboard. You guys can just do it for 

me" [Jeg orker ikke å bruke den tastaturen her. Da kan dere helst gjør det]. 

Connecting to WiFi  

It was necessary to operate both one's smartphone as well as the vacuum itself, in order 

to proceed through the various steps. The iRobot Roomba had buttons for operation, 

while the Neato BotVac had a combination of touch-enabled buttons and a small colour 

LCD screen. The steps included turning on wifi on the vacuums, connecting to the 

vacuum through the app and entering credentials for the available wireless internet 

network in the home. While in my case, the iRobot Roomba required multiple attempts 

before the connection was successful, the Neato BotVac was able to connect to my 

home network on the first attempt.  

 On the other hand, the Samsung PowerBot did not have an accompanying app or 

WiFi capabilities, and thus did not require the same amount of set up as the other two 

vacuum cleaners. All three vacuum cleaners had an accompanying docking station, 

which needed to be connected to a power outlet. The docking station would be a place 

for the vacuum cleaner to place itself when not cleaning the floor, as well as a source of 

power to charge its batteries. This part of the installation was relatively simple, and 

allowed me to reflect on why this was the case. It seemed to provide evidence that 

physical objects, artefacts, and technology are in many ways more robust and easier to 

interpret than information technology. In the case of the robot vacuum cleaners, there 

were fewer things that could go wrong with physically placing, and connecting the 

docking station to a power source, compared to setting up WiFi connectivity. Once all 

was set up however, the users awaited instructions on how to operate the devices. 

Basic Operation 

Luckily, the robot vacuum cleaners we used in our studies had just one function: to 

vacuum the floor. Of course they were all equipped with sensors, motors, and software, 

in addition to their vacuuming capabilities, which enabled them to navigate around a 

given space as they vacuumed, ideally without any human intervention. This was a 
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major difference compared to a typical vacuum cleaner, which would have to be 

continuously operated by the user.  

 This also meant that the vacuum looked and felt much different from the 

vacuum cleaners most users were accustomed to. One would accordingly expect the 

interface of the robot vacuums  to  be significantly dissimilar as well. However, from a 

somewhat over-simplified perspective, the robot vacuum cleaners, as with any 

traditional vacuum cleaner, had a button to start and stop vacuuming. Of course, there 

were noteworthy differences, not only between the robots and traditional vacuum 

cleaners, but also amongst the different robot vacuum cleaners. These differences 

stemmed from the additional functionality, such as autonomy, remote control, 

scheduling, etc. The varying interfaces of the devices are presented in Figure 11.  

 All three devices used in our research could be started by pressing a single 

button on the device, following which it would navigate around a given space until 

cleaning of that space was complete, as understood by the vacuum cleaner itself. 

Similarly, at any time during the cleaning, the same button could be pressed to pause/

stop cleaning temporarily. The "home" button could be pressed to send the device back 

to its docking station. This part of the operation was easy to explain, and all participants 

seemed to have understood the instructions. 

!  !  !  
Figure 11. User interface of vacuum cleaners from left to right: Samsung PowerBot, Neato 
Botvac and iRobot Roomba 

 However, when we tried to explain the extra features such as scheduling, as well 

as starting and stopping the robot vacuum cleaner with the accompanying app, the 

elderly users were not comfortable. Some of the elderly participants were accustomed to 

using apps on their smartphone or tablet, and thus were willing to have an app installed 
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on their devices to be able to control/monitor the robot vacuum cleaner if/when needed. 

Nevertheless, they expressed their preference of using the physical buttons available on 

the robot vacuum cleaners as opposed to using the app. Most of the younger participants 

seemed eager to use the app in order to exploit the available functionality. At the same 

time, some of the younger participants were quick to decline assistance with regard to 

setting up/using the app, as they believed they were capable of learning how to operate 

the app and the device on their own.  

 We also had to explain how to empty the dust compartment in the device. All 

three of the vacuum cleaners we used for our study were bagless, and the dust would 

collect into a compartment, which needed to be emptied occasionally. This process was 

similar to that of a traditional bagless vacuum cleaner, with slightly varying levels of 

difficulty depending on the robot vacuum cleaner in question. 

 With the robots (and apps) set up, and the participants more or less ready to put 

them to use,  we faced several questions from the participants, which can be summed up 

as: "what if it doesn't work?". It was clear that most participants were worried about a 

possible situation where the device would not perform as expected, and they would not 

know what to do.  

5.2.2 Breakdown situation 

The lack of knowledge and understanding naturally leads to scepticism, even for the 

most optimistic of people. This proved to be true for all of our participants. As the robot 

vacuum cleaners were relatively new technology, none of our participants had 

personally been exposed to one before. There was little understanding of how the 

technology worked, while at the same time, the users lacked knowledge on the level of 

robustness of the technology, both in terms of physical robustness, as well as robustness 

in terms of functionality. All users seemed to be troubled by the thought that the robot 

vacuum cleaner may, at some point, break down. However, it was interesting to note 

that the breakdown situation itself was not the cause of the fear, but rather the thought 

that one would not be able to recover the robot from a possible breakdown. While the 

younger participants were not as concerned about damaging the vacuum cleaners, the 

elderly participants showed high levels of anxiety in different stages of use. 
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Inherent fear 

This fear of a possible breakdown situation, seemed inherent in all participants of our 

research. Questions, such as "won't it get stuck on the carpet?", or "what if the battery 

runs out during cleaning?" were common when the participants were being introduced 

to the robot vacuum cleaners. This scepticism was expressed in most cases right after 

the participants had been briefed on the basics of how to operate the vacuum cleaner. 

This showed us that not only is it critical to familiarise users with the device and its 

operation, it is almost equally important to review the most common errors that may 

occur. We answered the questions to the best of our knowledge.  

 In the case of the elderly participants, there was an extra sense of fear attached to 

a breakdown situation. Not only were they afraid that the device may not work, they 

were also afraid that if they tried to fix or correct an error, they would end up damaging 

the device. As we explained how to deal with the most common breakdown situations, 

the elderly participants seemed to feel somewhat relieved, but retained some of their 

existing anxiety, which was apparent by the tone of their responses. We had to be extra 

careful in the way we presented the instructions, in order to assure the elderly that 

everything would be fine if they followed our instructions, and that they would not 

damage the device. 

 This, however was not enough. For many of the participants, their 'fears' came 

true at some point during the period they were using the robot vacuum cleaners we had 

provided. One of the participants called us immediately when something did not work. 

Others, however, made a note of what went wrong, and described it to us during our 

follow-up interview sessions, as well as through the notes and diaries they delivered to 

us. While a breakdown situation in itself can be perceived as a negative event, being 

able to overcome such a situation, can have considerably positive results. 

Overcoming fear 

For the participant who had called, we tried to provide assistance over telephone; 

however, this proved to be challenging. The vacuum cleaner was 'refusing' to start its 

cleaning routine, and there was a red light blinking on the control panel. We were not 

completely able to diagnose the error from the description we received from the user, 
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and thus were not able to provide an immediate response. However, we advised the 

participant to empty the dustbin and try again, but she was not willing to do so as she 

was afraid she would break something. Luckily, her son would be visiting her later that 

evening, and would try to help her fix the problem. The problem turned out to be, as we 

had expected, that the dustbin needed to be emptied. 

 The same participant faced another issue where her robot vacuum cleaner got 

stuck on a piece of furniture, and did not manage to free itself. While the solution was to 

simply lift the vacuum cleaner off of the furniture, place it on the floor and press the 

'clean' button, the user was afraid that the device may get damaged if it was manually 

handled in the middle of a cleaning session. She said, "I didn't dare lift it with my 

hands". She instead left the device there until she was able to get help with it again. We 

later explained to her that the vacuum cleaner would have continued to clean by itself, if 

it was freed from the furniture. While these experiences were not pleasant, the 

participant was now prepared to handle any similar errors.  

 Additional examples of breakdown situations from other participants include 

devices that got stuck on carpet fringes, devices that were not able to navigate back to 

the docking station, or devices that did not start or complete a scheduled cleaning 

session while the participant was out. Learning about how to troubleshoot errors, and 

recover from possible breakdown situations, significantly assisted the participants to 

overcome their fears, as well as build trust towards the technology. Additional examples 

can be found in Table 3. 

 Several participants had the opportunity to continue using their assigned robot 

vacuum cleaners after they had discussed their breakdown situations, and learned how 

to solve them. Unfortunately many of the errors they had faced, were repeated, but now 

they were capable of taking care of the situation by themselves. In fact, some 

participants were even able to troubleshoot errors they had not faced earlier, displaying 

a clear sign of increased self-confidence as well as increased understanding of the 

limitations of the technology. They also seemed much more positive than before 

towards the technology, despite its faults and weaknesses, with one participant stating "I 

never thought I would actually start to like this thing". All participants were eager to 
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share their experiences, and presented how they had handled the situations that 

occurred, with pride. 

 

Table 3. Common breakdown situations among several participants 

 All participants experienced some sort of hiccup during their first few days 

using the provided robot vacuum cleaners. However, after they had used the devices 

through multiple cleaning cycles, most of the users became quite proficient at operating 

the devices. In fact the devices were able to operate much more independently and 

autonomously as the participants were able to arrange their homes in a way that the 

robot vacuum cleaners would not get stuck on anything.  

  In order to avoid such future breakdown situations, the participants undertook 

preventive measures. For some participants this additional work proved to be another 

source of frustration, and also made them question the utility of the new technology. 

This leads us to our next factor that can hamper the use of new technology, the barrier of 

articulation work. 

Fault Stuck on  curtains, furniture, carpets loose items

App did not communicate with device

Struggle to get onto some carpets, wooden floors, and door 
thresholds

Ended up moving certain small/light items, such as lamps, small rugs, 
etc. as it cleaned.

Tried to climb on furniture in its way

Attempted to return to dock/base unsuccessfully

Inconsistency between map displayed, and actual area cleaned.

Noisy and distracting

Maintenance Brush needed to be cleaned

Full dustbin, needed to be emptied

!73



!  
Figure 12. Articulation work; user has placed curtains on window sill to keep out of reach of 
robot vacuum cleaner, which previously had gotten stuck on the curtains. 

!  
Figure 13. Articulation work; elderly lady placing cushions to prevent robot from going into 
certain parts of the home. 
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5.2.3 Articulation work 

The motivation for using new technology can be manifold, such as to replace an 

existing device that has malfunctioned, impress the neighbours, or conform to requests 

from friends and family, all of which we have touched upon in the previous section 

about independent living. However, often, the pursuit of making a task easier to 

accomplish, is an underlying incentive behind the implementation of anything new. 

Nevertheless, these new systems, devices, and processes more often than not, bring with 

them additional work that needs to be done to facilitate their use. The existence of this 

additional work, known as articulation work, was apparent when our participants started 

using their given robot vacuum cleaners. While the set up and installation of the 

devices, docking stations, and apps, can also be considered to be additional work, here, 

we refer to the additional work required during regular operation.  

 The first example of articulation work we noticed was having to rearrange 

furniture, or make slight modifications to their homes in order to facilitate the operation 

of the vacuum. This is apparent from figures 12 and 13, where one participant is placing 

cushions to stop the robot from going underneath her sofas and another participant has 

moved their curtains out of the way of the robot. What is interesting about the images, is 

that the situation depicted in Figure 13, occurred before the participant had used her 

assigned vacuum cleaner, and assumed that it would have trouble navigating under the 

sofa. She explicitly said "I don't want it to wander under my furniture". Later on, 

however, she realised that the robot vacuum cleaner could in fact clean under sofas quite 

comfortably, and thus stopped putting up the cushions. 

 In the case of the curtains in Figure 12, the participant had initially not thought 

of the curtains as something that could cause disturbance, or lead to a breakdown 

situation for that matter. However, already on the first day of use, the robot vacuum 

cleaner was able to get stuck on the curtains, parts of which were lying on the floor due 

to their length. The participant thus realised that the curtains had to be moved up before 

the vacuum cleaner could run its cleaning routine. Similarly another participant stated 

"The robot got stuck under the couch, I put a few books, to raise the sofa, and the robot 

continued without problems". Here we see how the participants' understanding of the 
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device's limitations and capabilities  change with use, which also presents a learning 

process. 

 Some participants, however, described their experience from a more positive 

perspective. One participant stated "I let my robot clean the house twice a week while 

I'm at work. Those days, before I leave for work, I have to tidy up the apartment, and 

make sure I don't leave anything on the floor that could get the robot stuck. My 

apartment looks much neater now than it used to, especially on those two days of the 

week". This provides an interesting insight into how new technology can indirectly lead 

to new routines and practices that can have unexpected positive outcomes. 

 Another common task that had to be done was the emptying of dustbins. While 

this is common to conventional vacuum cleaners as well, the size of the dustbins in all 

three of the robot vacuum cleaners we used in our study was comparatively small as 

presented in Figure 14. This meant that compared to conventional vacuum cleaners that 

could possibly be used for several months before needing to be emptied, the dustbins 

needed to be emptied more often. One participant complained that "I have to empty the 

dustbin every time the robot cleans the house. Some days I have to empty it twice before 

it can clean the whole house."  This was clearly a source of frustration for most 

participants, and required work from the user that was previously not required in the 

same way, or with the same frequency. Similarly, other parts located under the vacuum 

cleaner that are constantly exposed to dust and debris, needed to be cleaned regularly. In 

addition to being a cumbersome and frustrating task, that needed to be done on a regular 

basis, a full dustbin, or debris stuck between brushes often lead to breakdown situations, 

where the vacuum cleaner cannot continue cleaning until these issues have been 

addressed by the user. 

 The work that is required to troubleshoot breakdown situations during operation 

can also be considered articulation work. In Figures 12 and 15, we see examples where 

the user must free the robot vacuum cleaner from the curtains and other loose items that 

get in its way. "What is the point of this [new technology], if I have to spend so much 

time taking care of it all the time?" expressed one of the users. This statement indirectly 

indicates the participant's motivation for using the technology and the expectation that 

the device would make life easier for her. While in the next chapter we present more on 
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motivations, we see here that having to put in time and effort for maintenance of the 

technology is a clear barrier. All the participants, especially the elderly, wanted to 

minimise articulation work. 

  

!  
Figure 14. Small dustbin of the Neato BotVac Connected. The dustbins on the other models were 
similar in size. 

  

!  
Figure 15. Robot vacuum cleaner getting stuck on cables and other loose items in its way, and 
unable to free itself.   
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 Some of these tasks, as mentioned earlier, did decrease as the participants 

became familiarised with the strengths and limitations of the robots. By being able to 

avoid certain breakdown situations, the participants also had to spend less time solving 

them. On the contrary, one participant complained about the fact that they had to stay 

and watch over the robot vacuum cleaner to make sure that it did not get stuck or 

navigate into unwanted parts of the house/apartment. This task of having to monitor the 

device can also be considered as articulation work. One participant stated, "I wouldn't 

feel comfortable leaving the vacuum cleaner alone at home. Who knows what mischief it 

would be up to." Although this statement can also be considered to be articulation work, 

as it was something that was not required earlier, it clearly expresses a lack of trust 

towards the device. This brings us to our next barrier, trust. 

5.2.4 Trust issues 

All participants of this study were familiar with using a normal vacuum cleaner. 

However, one major difference with the robot vacuum cleaners was autonomy. While 

using a normal vacuum cleaner, the user could decide when and where the vacuum 

cleaner would operate, and thus had full control over its operation. The element of 

autonomy related to the robot vacuum cleaners, however, introduced a sense of lack of 

control, as expressed by one participant, "Den oppfører deg som den vil" (It behaves as 

it wants to). This, in turn, raised the question of trust. Can these autonomous/semi-

autonomous devices be trusted to operate as expected? 

 There were varying degrees of trust toward the robot vacuum cleaners when the 

participants were first introduced to them. While the elderly participants generally 

expressed lower levels of trust, the younger participants seemed to be quite optimistic. 

Interestingly, this corresponded to the level of previous exposure to technology for each 

of these two groups. For the young participants, all of whom are constantly exposed to 

modern digital technology at home and at work, were much more confident about their 

own capabilities with regard to handling the robot vacuum cleaners, which also 

facilitated their positive attitude towards using the devices. On the other hand, the 

elderly, who have had comparatively less exposure to digital technology in general, their 

lack of self-confidence may have led to their pessimistic approach to the robot vacuum 
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cleaners. This was evident from the initial fear of breakdown situations, expressed by 

the participants. 

 In addition to expecting the technology to break down, another factor seemed to 

influence the level of trust toward the technology: lack of control. This was especially 

relevant with regard to our robot vacuum cleaners, which operated, to some extent, 

autonomously. The fact that the devices would navigate and clean around the home 

without continuous external input form the user, created a sense of insecurity, and 

doubt. To compare the experience between a traditional vacuum cleaner, one participant 

said, "On a normal vacuum cleaner, I press the button, and the vacuum cleaner is on. I 

point the vacuum cleaner where I want, and it vacuums there. On the robot, I press the 

start button, and I have no idea where it will go or what it will do. It has a mind of its 

own. I also don't know when it will be done cleaning." Similar statements were made by 

multiple participants regardless of age group. Such statements clearly present a lack of 

knowledge of the robots 'intentions' or what it will do next. The participant is unaware 

of the robots' activities and patterns as well as the logic behind how the robot navigates 

and operates. 

 Interestingly, there was significant change in the level of trust as the participants 

spent more time with the robots and gained first hand experience. Despite the 

breakdown situations and articulation work related to operating the devices, a better 

understanding garnered increased trust. The experience of being able to manage and 

overcome breakdown situations played an important role as well. Participants made the 

following statements: 

"It [the given robot vacuum cleaner] actually does a pretty good job getting 

rid of dust around the house, even in the corners. I've removed some of the 

furniture it usually gets stuck on. Now I know that it'll complete the cleaning 

without interruptions. I'm pretty sure I'll get one myself after you guys take 

this one away" 
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"After you showed me how to clean the dustbin, I just empty it every day 

after the robot is done cleaning. It hasn't given me any trouble since then. It 

does its cleaning and goes back to its place." 

Factors such as the size of the home, furniture, and its layout may play a significant role 

in the performance of the robot vacuum cleaners, as well as lead to varying breakdown 

situations. While certain problematic elements remained, almost all participants 

expressed increased comfort of use, and decreased frustration already after having used 

the robot vacuum cleaners for only a week. 

 Although the robot vacuums we had provided were relatively small in size and 

had a minimalistic design, several of the users had given names to their robot vacuum 

cleaner, treating it more like a living being, than simply a mechanical tool. Stemming 

from the autonomy of the robot vacuum cleaners, this was a sign of trust toward the 

technology, as the participants gave the devices human attributes. Along with raising 

expectations from the devices, this also helped the participants relate to the devices on a 

deeper level. As with any human relation, the participants' relation with their devices 

also changed over time. One participant named their robot vacuum cleaner 'King Robot' 

while another had initially named their robot 'Glede' which, translated from Norwegian, 

means joy or happiness. The participant had expected the device to bring her joy by 

cleaning the home, requiring minimal effort from her. However, as she began to use the 

device, she realised that, due to the articulation work related to operating the device, it 

was not as joyful as she had expected. She renamed her robot vacuum cleaner 'R' 

stemming from the word robot. Over time, however, she stated that she had "began to 

be quite fond of R".  

 Something common to all issues of trust, which we observed throughout our 

research, was awareness. There was a very low level of context-awareness on the part of 

the robot vacuum cleaners, which was limited to sensors that helped the devices avoid 

obstacles and navigate around the home. Participants were also not always aware of 

what the device was doing at a given time, what it was going to do soon after, or what 

problems it was facing, which is what led to the lack of trust. Consequently, when this 

knowledge was gained over time, as participants observed and learned from patterns of 
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how the devices operated, there was development in the level of trust. However, there 

was one factor toward which participants had growing doubts over time. Several 

participants became concerned about how the presence of the robot vacuum cleaners 

could possibly intrude the participants' privacy. 

5.2.5 Privacy 

Although increasing privacy for the elderly is one of the aims of the MECS project, the 

element of privacy was not something we initially intended to explore in our study, as 

the robot vacuums are not capable of gathering, storing or transmitting any personal or 

sensitive data. However, ethical questions are of utmost importance when conducting 

any research. All research conducted at the university, follows strict guidelines on 

privacy throughout the research process. This emphasis on privacy facilitated the 

discovery of factors that affect privacy, not only related to the research process, but also 

within the subject matter of the research. Thus, we unintentionally discovered several 

situations that either had the potential to breach the participants' privacy, or made the 

participant feel so. 

 Already during our initial interview rounds, even before we had shown the 

participants the robots we had with us, several users expressed their concern when 

discussing the presence of robots to monitor human activity in the home. "No, I 

wouldn't want a robot following me around", "Would the robot be able to see what I'm 

doing? I don't like that idea" were some of the statements made by participants. These 

views do not necessarily apply to our robot vacuum cleaners, which neither follow, nor 

capture images of its users. However, in the context of an elderly care robot, that is 

supposed to be aware of the users' activities and act accordingly, this may become a 

very significant issue. There were several other issues that raised questions of privacy 

among participants of the study.  

 The vacuum cleaners, powered by batteries, have the potential to navigate 

around the home creating minimal noise. However, all of the devices we used in our 

study would turn on its vacuum when moving. This meant that the devices would create 

high levels of noise at any time of operation, be it during a cleaning cycle, or while 

returning to its docking station after cleaning. This was considered a breach of privacy 
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by many of the participants. While one of the participants couldn't bare the noise, 

another tried to ignore it without much luck:  

"We scheduled the Neato BotVac to clean around 6pm, so that we 

could see how it was working while we had dinner. This was a bad 

idea. We couldn't hear each other over the noise of the vacuum and 

had to turn it off straight away."  

"I thought I'd read a book as the Roomba cleaned. Instead I put on my 

headphones and watched TV with maximum volume. It was hard to 

ignore the noise at first, but eventually I was able to focus on what I 

was watching. I don't think I'll let it run while I'm in the house again."  

While this intrusion could have been avoided by choosing a more suitable time for 

cleaning, the devices had no way of knowing that they were causing a disturbance. 

There was also no system in place that would allow the robot vacuum cleaner to inform 

or get permission from the user prior to starting its cleaning session. It almost seemed as 

though the device doing its job, was a nuisance, when done at the wrong time. 

 The mere presence of the device was cause of irritation for one participant. 

"When I vacuum my home, I usually take the vacuum cleaner out of a closet, do the 

cleaning, and put it back. I don't have to see it when I'm not using it. With this robot 

vacuum, I have to see it even when it isn't doing anything" stated the participant. This 

was a novel point of view on how the technology could be intrusive. Should the 

technology be visible when it is not in use? Or should it not be part of the interior 

landscape of a home? The answer was clear for this participant, who did not want to see 

a vacuum cleaner when it was not cleaning, although there are many appliances  around 

a given home that are visible, regardless of whether they are being used or not. It could 

be quite different when talking about assistive technology aimed at elderly care, which 

may have a monitoring role, and may need to be visible at all times. At the same time 

however, many users may find this to be intrusive, and may prefer technology that can 

operate out of plain sight. 
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 Presence and co-presence seemed to be a very relevant issue as another 

participant expressed her frustration with not knowing which path the robot vacuum 

cleaner will take during its cleaning cycle: "Sometimes, it cleans the dining space before 

moving to the living room, and some days it does the living room first. I don't want to be 

sitting in its way, so I end up having to move around quite a bit."   On the contrary, one 

user stated "It's much nicer for me that the robot is cleaning the house. When the maid is 

here, I try to be in a different room than her. Not that I don't enjoy her company, but I 

don't want to disturb her while she is working. With the robot, I don't have to think 

about that at all."  

 These statements present the varying individual attitudes towards the 

technology. We have presented some of the most prominent barriers to technology use 

that were encountered during our study. While these may be common to a large number 

of users, there may be additional barriers that apply to certain individuals. At the same 

time, there may be certain individuals that are not significantly affected by the barriers 

presented. This goes to show that providing a common solution, to address the unique 

needs and challenges of individual users will always be extremely difficult, if not 

impossible. Similarly, every individual will have his/her reasons to use a certain 

technology. This was also true in the case of our robot vacuum cleaners, where the 

participants had different motivations and goals behind why they wanted to use a semi-

autonomous vacuum cleaner. One factor that we felt could greatly improve the user's 

experience with the way the device communicated back to the user through feedback.  

5.3 Feedback 

Throughout our research we have time and again observed that much of the frustration 

towards the technology, and specifically our robot vacuum cleaners, was due to the fact 

that our participants did not have a clear understanding of what was going on, or what 

was about to happen. Nor were the users fully aware of the capabilities or limitations of 

the devices. Especially during a possible breakdown situation, the devices failed to  

clearly inform the participants of what intervention was needed, or whether intervention 
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was needed at all. This lack of information can be addressed by providing appropriate 

feedback (Newaz & Saplacan, 2018). 

 Feedback can come in many forms, such as acoustic, visual, haptic, etc., 

utilising the different human senses. All of these forms must be taken into consideration 

when designing and implementing feedback mechanisms into technology. For example, 

several of our participants had difficulty understanding the audio feedback that was 

provided by the iRobot Roomba, despite it being in their local language, which would 

have been an even greater challenge had it been a foreign language. This was caused 

both due to the quality of the sound produced by the device, as well as the vocabulary 

used in the message. This could easily have been improved by providing an alternate 

mode of communication e.g. text display. The choice of feedback mechanisms become 

even more significant in the case of autonomous technology.  

 An elaborate example of poor feedback and its consequences, encountered 

during our research, was presented in a workshop named Inclusion through Design and 

Use of Digital Learning Environments: Issues, Methods and Stories at the NordiCHI'18 

conference (Saplacan et al., 2018). Most interesting to note, was the consistent failure of 

technology to some extent, which we call break-down situations, and the low level of 

transparency into how a system works. This particular story, from one of our 

participants, who we will call Elizabeth for purposes of anonymity, emphasizes the fact 

that commercially available autonomous technology is still at an extremely trivial level, 

and that there is a long way to go before we can truly call the technology autonomous. It 

also redirects our attention to the fact that the more complex capabilities we try to 

implement the more we increase the uncertainty of the results that can be expected. We 

will name this story Error Eleven. 

“Hello… yeah, hi… this is Elizabeth. You were here at my house a few days 

ago to set up the robot vacuum cleaner. So this morning it started 

vacuuming the living room and now suddenly it just stopped, and won’t 

move anymore. I see a red light blinking and its trying to say something 

about an error, but have no idea what I should do. It’s not moving. I could 

just put it back on its charging base, but I’m scared I’ll ruin it.”  
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This was the distress call I received a little after 10 am one Monday morning, which Is 

when the vacuum cleaner was scheduled to do its cleaning every week. While I wasn’t 

able to provide her with a complete solution to her problem, I assured her that she could 

physically place the vacuum cleaner on the charging base, until someone would visit her 

and solve the issue. This one brief sentence from the participant already gives us a lot of 

points to discuss, but there was more. Later that day, when we had arrived to figure out 

what had gone wrong. Upon turning on the device (which had turned off by itself) we 

saw that the blinking red light was indicating that there was an issue with the dustbin in 

the vacuum cleaner. The blinking light was shaped like a little trash can, however since 

the light was so small, it must have been difficult for Elizabeth to notice the shape. The 

device also occasionally had a voice that said, “Error eleven (11) Please open the 

iRobot App for help.” We proceeded to emptying the dustbin, following our intuition 

which was simple enough, as there were directions clearly printed on the vacuum 

cleaner indicating the steps that needed to be taken. This seemed to solve the problem. 

 We then tried to show Elizabeth, that she could have just pressed the “home" 

button, one of the larger buttons on the device. The robot would then theoretically 

navigate back to its charging base. However, when we tried to demonstrate it, we 

witnessed the robot navigate back and forth around the room for a very long time before 

eventually reaching the charging base. As researchers, we understood that the device 

was trying to locate its destination using its sensors, however, Elizabeth was puzzled at 

why the device simply didn’t take a straight path to the base.  

 There are several takeaways from this story from start to finish, of which we can  

point out three that were most explicit. The story emerges due to a breakdown situation; 

there is a lack of information, i.e. feedback, provided by the system; there is also limited 

understanding of how the device thinks/works, presenting us with a blackbox. These 

topics are further discussed in section 6.3. 

 Along with identifying feedback as an aspect that can be directly addressed in 

the design process of a technology, in this chapter, we have also looked at issues of 

privacy, articulation work, break-down situations as well as set up and installation. All 

of these issues are barriers that can affect the level of trust toward a technology, and 

prevent and hinder its use. Despite such a large variation of barriers, we have seen in the 
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earlier section on motivations, that there are still many reasons that may encourage 

people to consider using new technology. In the following chapter we will discuss our 

findings on trust, feedback and motivations in relation to how they can help answer our 

research questions.  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As part of the MECS project, the primary goal of this research is to contribute to 

understanding different aspects of multimodal elderly care systems. There are many 

technical aspects to building a successful care system; however, no matter how well 

built a technology is, its true success is achieved when it is able to perform up to the 

expectations of its users. We decided to explore three main areas which may help meet 

these expectations. This included factors that attract users to technology, factors that 

hinder the use of technology, as well as what can be done to encourage and facilitate the 

use of technology. We narrowed these areas further as we realised that a major factor 

that attracted users toward technology was the wish for independent living, a major 

factor that hindered the use of technology was a lack of trust in the system, and 

furthermore, we observed that feedback could greatly contribute to improving trust, and 

encouraging technology use. Thus, this section discusses findings of the research in 

light of the following three research questions: 

What does "independent living" mean for the elderly? 

What factors can help build or break a user's trust toward technology? 

 In what ways can feedback be incorporated into technology in order to build trust 

and facilitate technology use? 

6.1 Independent Living 

While we have elaborately described the term independent living from a theoretical 

point of view in section 3.2 of this thesis, during the course of the research we have 

gained a more practical understanding of what it means from the participants of our 

study. Interestingly, the desire for independent living is not only limited to the elderly. 

All of our participants, including the elderly, as well as the younger participants, 

expressed their wish to be able to live independently. From our research, we found 

consensus amongst all participants in that they want to do the things they like, easily. At 

the same time, they want to have a way to do things that need to be done, which they 
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either can't do, or don't want to do. They want to be independent. They want to be 

autonomous. "I'd rather go for a jog than stay at home to vacuum", said one participant, 

while another participant expressed how the new technology not only freed up her time, 

but also yielded better results than when she had to vacuum her home herself: "Before, I 

used to vacuum the apartment when I had time, which was not as often I would have 

liked. With the robot, I could program it to clean the apartment every week, which 

meant my apartment was much cleaner, with no extra effort or time required of me." 

 It was clear from our interviews that the primary benefit of using a robot 

vacuum cleaner, was that it relieved the user from vacuuming his/her home and allowed 

them to use that time to do other things. Here we see a different implication of 

independence and autonomy. Not only is the user no longer dependent on others to 

perform a task, they are also independent in the sense that they can choose to do other 

tasks in parallel. This can also reduce the need for prioritising in many cases, and can 

contribute to increased pleasure, efficiency and productivity. This was apparent when a 

participant explained, "When having guests, I always want to make sure the house is as 

clean as possible. I'm a pretty organised person, so my house is usually quite neat, but I 

have to vacuum the house before I start preparing any food. The robot can do the 

vacuuming for me now, and I can focus on the food" .  

 Interestingly, we use the word 'autonomy' both in the case of humans and 

machines. The above example outlines 'human autonomy' where, by definition, the 

users themselves have the ability to decide what they will do. In the context of  'machine 

autonomy' however, the focus is not on whether the device is making its own decisions, 

but rather how it is able to manage various complex situations without human 

intervention. When developing autonomous devices, from a technical point of view, 

designers and engineers may aim to maximise machine autonomy. However, if a User-

Centered Design approach is used, putting the users in focus, the top priority should be 

to strive for human autonomy and enabling independent living. 

 Additionally it can be argued that using technology to perform tasks that humans 

would otherwise do, may lead to decreased human interaction. While all of our elderly 

participants expressed their wish to have more human contact, many also expressed 

their wish to be able to choose when and with whom they interact. One such example is 
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the participant who expressed her satisfaction with the fact that she can go about doing 

her own things while the robot is cleaning, as opposed to having to think about how to 

interact, or rather avoid interaction, with a maid that occasionally comes and cleans her 

home. This interestingly presents the question of whether new technology, and more 

specifically  autonomous devices, can be explored more as a supplement to human-help 

rather than a replacement. It can also be interesting to explore how the technology can 

also act as a tool to facilitate human interaction.   

 Paul M. Fitts' report from 1951 suggests to divide tasks between human and 

machine according to who can do it best. While the list of tasks suggested by Fitts 

(1951) may need to be altered due to the unprecedented advances in technology in 

recent years, the approach itself may still be relevant in a context where achieving 

efficiency is the only goal. However, in a more private context, e.g., in the home, 

people's desires also need to be considered. Through our study, we have seen that robots 

should not only do what they are better at, but also what people don't want to do 

themselves. Similarly, people should not only be assigned tasks they are good at, but 

also what they enjoy doing. The choice of task is thus left more with the users, and not 

completely up to the designers. Designers, however, have the important responsibility to 

consider how technology can be designed to fulfil the user's needs and desires through a 

positive experience. Additionally, special attention needs to be given to the aspect of 

affective collaboration between users and the technology, especially in the case of 

autonomous devices, which can only be achieved through a relation built on trust. 

6.2 Making and Breaking Trust 

When interacting with something new, be that a new car, or a musical instrument, the 

better we understand it, the more easily we use it. Similarly, the better we get to know a 

person, the more we interact with them. The same applies for digital technology, 

including robot technology in the home. This point of view helps us explore the 

following research question:  

What factors can help build and break a user's trust toward technology? 
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The simple answer, based on theory and our collected data, is that better understanding 

leads to higher levels of trust. However, how can we define understanding? There are 

many factors that can be considered as being part of the definition of understanding. 

Expectations, for example, are an important part of understanding. "Well, when I think 

of a robot, I think of something that has arms and legs and a head, and which talks. So 

for me it's a little strange to call this a robot". This was an initial comment from one of 

our participants as we tried to introduce the iRobot Roomba, a device that essentially 

looks like an enlarged hockey puck, as a 'robot' vacuum cleaner. Clearly, the 

expectations did not match the reality. Another participant said, "Isn't a robot supposed 

to do everything itself? Then why do I have to empty the dust bin myself? What's the 

point of having a robot vacuum cleaner then?" As apparent from the comments above, 

not having a clear understanding leads to unrealistic or inappropriate expectations. 

Consequently, when the technology doesn't meet expectations, users lose their trust, 

creating a barrier for them to continue to use their device.  

 Interestingly, the same participants, after having received a thorough 

introduction of the devices they were given, were much more positive toward the 

technology. For example, we explained that the dust bin would probably need emptying 

once every two weeks (based on the participant's pre-scheduled once-a-week cleaning), 

and that the vacuum cleaner would have a blinking light, resembling a trash can, on its 

display when it needed emptying. This seemed to be quite relieving for the participant 

as they said, "Oh. So it will keep cleaning normally until it gets full. That's nice that it'll 

let me know. Then I don't have to check whether it is full or not all the time." The 

distribution and assignment of tasks must be clear. When referring to automation, 

Enstrom and Rouse (1977) make the important point that the human being must know 

which tasks the computer is dealing with and how. 

 Using technology to assist in tasks is not new. Most households today host a 

range of electronic (and non-electronic) devices that are used for tasks such as doing 

laundry, toasting bread, and making coffee. However, when these devices are given the 

ability to operate, and make decisions without human intervention, the question of trust 

has to be considered at a whole new level. When using a washing machine, we would 

rightfully expect it to clean our clothes and stop when the cleaning process is over after 
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a certain amount of time. However, for a semi-autonomous device such as our robot 

vacuum cleaners, we expect it to vacuum the floors, but in addition, we expect it to 

navigate around obstacles, and cover the desired space without having to continuously 

tell it where to go. The device itself will decide which route it will take, how fast it will 

move, and when the cleaning is complete. This frees up time, which the user can utilise 

for other activities, further enhancing their independence. However, before one allows a 

device to roam around their home, there must be a certain level of trust. The user must 

trust the device to clean all possible parts of the desired area, trust that it will avoid 

obstacles and trust that it will return to its base when the cleaning is done.  

 Building trust is most important to promote/support use of technology. Trust in 

its broadest sense, is fulfilling expectations. The technology has to operate as expected 

and provide the expected results. To achieve this, designers need to keep in mind what 

expectations they are building. The physical appearance of the device, as well as the 

feedback from the device during operation needs to provide an accurate image of what 

the device is capable of.  

 Although the  participants  were  aware  that  the  devices  had no audio sensory 

functionality, many of our participants stated that they would converse with the vacuum 

cleaners. "So, you're done for today?" one participant said to his robot vacuum cleaner 

when it was returning to its charging base, while another participant said, "Ah, good that 

you're cleaning under that table. I noticed it was a bit dusty there." Suchman (1987) 

argues that autonomous motion or reactivity may invoke a feeling of aliveness,  and 

qualities  such  as  emotion,  speech,  and  apparent  thought  or  purposefulness  invokes 

feelings  of  humanity,  further  adding that  "interaction  between people  and machines 

implies intelligibility or  shared understanding".  This  is  apparent  from the imaginary 

conversation the participant is having with the robot, based not just on its movement, 

but rather on its work. This reaction would be natural if talking to a human worker. 

Similarly, the proper reaction is required from the device as well, in order to maintain 

this relation, and level of trust. The device, through its reaction must be able to present 

itself as a purposeful object (Suchman, 1987).  

 Another important issue to be discussed is collaboration. As both the technology 

and the human may be operating in a shared space, and possibly work together to 

complete a shared task, the aspect of collaboration within the field of CSCW becomes 
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relevant. Our robot vacuum cleaners were mostly operating with one human present 

during operation. However, in cases of autonomous technology targeted toward elderly 

care, there may be multiple devices collaborating with multiple humans, leading to 

complex situations. Not only is it crucial that the device and its user are aware of each 

other's actions, and interact with each other accordingly, it is also important that there is 

awareness of the environment around them.  Feedback mechanisms can play a critical 

role in supporting awareness, especially with regard to autonomous/semi-autonomous 

devices.  

  

6.3 Better Feedback for Better Trust 

As apparent from the theory, feedback can come in many forms, and while choosing the 

right form of feedback is extremely important, the amount of information provided also 

has to be sufficient. Saplacan and Herstad (2018) identify three qualities of good 

feedback. Good feedback should do the following: 1) decrease the gap between what the 

user knows, and what has to be achieved; 2) avoid using technical terminology, use 

everyday language; 3) provide explanations on why one has to proceed in a certain way 

For example, in a breakdown situation, the device should not only inform the user that 

an error exists, but rather also provide information about what the error is, what may 

have caused it, and how it could be solved. The authors suggest avoiding the use of 

single modalities. Additionally, the aspect of pre-understanding and familiarity can play 

a crucial role in the effectiveness of feedback. 

 From our story of Error Eleven in the section 5.3, we experienced first hand the 

implications of insufficient feedback. We clearly see the participants confusion caused 

by a lack of information from the device, regarding the situation. The three main issues 

that stood out from this story were: the breakdown situation, the lack of feedback, and 

the system being a blackbox. 

Breakdown Situation 

Our story begins with a breakdown situation. The device is not able to perform its given 

task as expected and requires human intervention. Such barriers are especially 
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significant for autonomous technology and have to be addressed. Autonomous 

technologies have as their primary goal to minimize human intervention and maximize 

decision making abilities. Thus, these technologies not only have to have the ability to 

take decisions based on complex combinations of factors, but also have to be able to 

execute those decisions.  

 We also have to make sure that there is a level of robustness. For example, 

Elizabeth mentioned that she was afraid to lift the vacuum and move it to its charging 

base. Autonomous devices have to be built to stand tough physical environments, or at 

least be designed to be strong enough for its intended environment. This will help 

reduce the user’s fear of physically interacting with the device. 

Appropriate feedback 

The device was displaying a red blinking light, trying to indicate a fault with its dustbin, 

and was also providing a voice message informing the user of the error number (which 

was of no use) and asking the user to open the accompanying app. Despite employing 

two ways of trying to inform the user of what was wrong and what to do next, the 

message was not conveyed in an effective manner, leading the user to get confused. The 

blinking light was clearly not designed keeping in mind users with weak vision, and the 

voice message was clearly not designed for users who may struggle to comprehend a 

certain English dialect. Our participant, Elizabeth, was also not using the app, and thus 

the command to “Please open the iRobot App” was completely irrelevant. Feedback can 

be provided through multiple channels, and must provide relevant information that 

gives the user a clear understanding of how they may interact with the device next as 

well as what the device is doing at that moment. 

Blackbox 

The disorderly path taken by the robot vacuum cleaner on its way back to its charging 

base, contradicts any logical expectation for it to return to its base taking the shortest 

route. This situation emphasizes the fact that while the machine learning algorithms in 

these devices should theoretically allow these devices to perform most efficiently, we 

really have no idea how that may be done. There is no way to fully predict how the 
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behavior of the device will change over time as it spends more time vacuuming the 

house and learning of its surroundings. The more capabilities the device has to learn 

from its surroundings, the less control we have with regard to the results of the learning.  

 It is apparent from this event that when it comes to autonomous devices, it is 

extremely important that they are robust, both physically and in terms of software. The 

devices must provide their users with appropriate feedback that is clearly understood. 

The feedback shall allow the users to be aware of the device’s status and its 

surroundings. Finally, there must be more transparency in how AI (artificial 

intelligence) works, as well as how it is implemented in different devices. 

 The technology must inform the user of its actions, and likewise, the technology 

itself will operate and react based on feedback, actions or reactions from its 

surroundings, including the human user. The study of proxemics is one of great 

relevance in this context. Hall et al., (1968) defined proxemics as: “the study of people’s 

use of their perceptual apparatus in different emotional states during different activities, 

in different relationships, settings, and contexts.” In brief, proxemics explores how the 

distance between two actors is correlated to how they interact, the relationship between 

them, as well as their perception of the context in which they are situated. Our 

participants have interacted with their robot vacuum in various contexts and distances, 

such as keeping an eye on the device from a different room, physically touching the 

device while pressing buttons or moving it. Some of the participants have also 

interacted with their robot vacuum cleaners through the accompanying app. This adds a 

new dimension to the study of proxemics, which Saplacan and Herstad (2017) refer  to 

as extended proxemics. It again highlights the significance of choosing the correct type 

of feedback, which may also depend on the distance between a robot and its human. 

Further  study  of  proxemics,  especially  in  the  context  of  autonomous  elderly  care 

systems,  can  provide  valuable  insight  into  designing  feedback  that  incorporates  the 

cultural  patterns  of  communication  based  on  the  distance  between  an  autonomous 

device and its user. It can also be interesting to evaluate its affects on technology use.  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This final chapter summarises the main insights gained from the study, and proposes 

further work that can be carried out in relation to the research done through this thesis. 

7.1 Insights 

In our journey of exploring technology use among the elderly, we have had the 

opportunity to conduct an elaborate qualitative study with a number of individuals. We 

have used a variety of methods that has enabled us to collect valuable data in order to 

investigate our research questions. Through this explorative study, we were able to 

identify and discuss several themes relevant to technology use among the elderly. It has 

become apparent that there is a connection between an older adult's willingness to use 

technology and their desire to be independent. Similarly there is a clear connection 

between how much trust there is toward a technology and how much people are willing 

to use it.  

 While the desire to be independent may be the initial reason one is willing to 

consider a particular technology, their trust toward the technology is what may finally 

decide how much it is used, or whether it is used at all. In the pursuit to promote 

technology use, it may not be possible, or even appropriate to influence one's desire to 

live independently. However, measures can be taken to increase the trust one has toward 

the technology, which in turn may positively influence its use. One such measure that 

we have identified and discussed is improving the feedback that the technology 

provides to the user.  

 There is, of course, the possibility to gain an even better understanding of the 

topic through further studies, which can also help to actively address the design 

challenges that need to be overcome in order to promote technology use.  

7.1.1 Independent living 
 What does "independent living" mean for the elderly? 

In our research, we were able to review relevant literature in order to form a theoretical 

definition of what it means to live independently, which has its foundations in human 
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dignity. The ability to live and care for oneself without the help of others, can be 

considered as a broad definition of the term. This, however, does not imply a life of 

isolation, because an important part of one's dignity, is based on what perception others 

have of him/her. Thus, if the goal for developing new technology is to facilitate 

independent living, it is of high importance to find a balance between self-sufficiency 

and social human interactions. It can be interesting to further study the relationship 

between these two themes, independence and isolation, to explore how they both can be 

targeted in a desirable manner, when designing technology. 

 Having had the opportunity to work closely with our participants, we learned the 

importance of freedom of choice. The elderly want the company of others, but want to 

be able to choose who and when. They want to be able to do as much as possible, 

considering their physical limitations, but on their own premise. While physical 

deterioration is an unavoidable fact of life, assistive technology and elderly care systems 

can be a way to delay its effects on one's lifestyle. Innovative technologies can be 

developed to address the different issues faced by the elderly. However, any technology 

can only be effective if and when it is used to its full potential, and in order to achieve 

that, users need to trust the technology they are going to use. 

7.1.2 Trust 
What factors can help build or break a user's trust toward technology?  

The significance of trust in promoting technology use is undeniable. The more one 

trusts a technology, the higher the probability of using it. But what affects a user's trust? 

Simply put, it is the user's understanding of the technology that decides how much they 

are willing to trust it. Users have to understand and be aware of the capabilities and 

limitations of the technology, and form the right expectations. When these expectations 

are fulfilled, there is trust. These expectations can of course be created through publicity 

and documentation, but the design of the technology can also play a consequential role; 

both the physical design, and the design of the interaction. Design principles, such as 

mapping, consistency, affordance, visibility, constraints and feedback, must be 

appropriately considered to intuitively give the user a clear understanding of how the 

technology operates, how to interact with it, and what it is capable of.  
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 More specifically in the case of autonomous technology, the most relevant and 

significant design principle to be considered, must be feedback. When interacting with a 

device that may be able to take its own decisions, the user must have an awareness of 

what the device is doing, what decisions it is making, in order to have the right 

expectation of what it may do next. This can be achieved through proper feedback.  

7.1.3 Feedback 
In what ways can feedback be incorporated into technology in order to build 

trust and facilitate technology use?  

During design and development, feedback mechanisms have to be considered 

appropriately, keeping the user and use-context in mind. The information provided 

through the feedback has to be sufficient, and maximise the user's understanding and 

awareness of a given situation. Based on user input and interaction, the feedback must 

inform the user that their input has been registered, as well as what the user can/must do 

next, or what the device will do following the received input. In case of breakdown 

situations, the user has to be informed of what is wrong and what steps he/she can take 

to ameliorate the issue. The mechanisms used, must be intuitive and familiar, building 

on the previous knowledge of the user. For example, the language used must be 

comprehensible, and symbols must be recognisable. The feedback must also be robust. 

In fact, the feedback itself must follow the aforementioned design principles to achieve 

maximum effectiveness. Finally, creating awareness of the devices actions, and plans, 

will allow the user to understand, and consequently trust the device. 

7.2 Future work 

This thesis is merely a start to understanding the complexities related to designing 

autonomous technology that will be used by the elderly. In this thesis we have limited 

ourselves to looking at feedback as an element that can be addressed, to build trust and 

promote technology use. However, there may be many other factors that could have a 

positive impact on technology use. More elaborate research with a larger number of 
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participants, more investigations, a larger variety of methods, and more complex 

questions can lead to even more in-depth understanding of how we can make 

autonomous technology more usable for the elderly.  

!  
Figure 16. Multiple robot vacuum cleaners operating in the same space 

Multiple device collaboration 

In our research we have just used single devices with single functionality. Multiple 

devices with multiple functionality, will significantly increase the complexity of the 

different factors that affect the user experience e.g. a companion robot that also will 

cook food, working together with a robot vacuum cleaner that can also move the 

furniture if and when needed. We have already tried to operate multiple robot vacuum 

cleaners in a shared space with interesting results (Figure 16). Building on what we 

know so far, it will be extremely valuable to explore these complexities. 

Communication between devices, and users will be of great interest. We have 

mentioned feedback as an important way for the user to learn about the technology an 

its actions, however, we also need to consider how the technology will become aware of 

the user actions. 

  

Social qualities 

Our research focused solely on technology that was intended to perform a certain 

physical task. While we discussed technology that may facilitate communication 

between people, what could also be interesting to explore would be the possibilities and 
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implications of implementing social qualities to working robots. For example, if one 

could have a light chat with a robot vacuum cleaner while it cleans. First and foremost, 

this is a discussion about giving the technology a more human way to interact, such as  

through speech. Further there is the question of creating human qualities, such as 

empathy. This opens up a whole new set of ethical discussions, such as what would it 

consider good or bad? This also brings up the question of whether users want their 

working robots to be social in the first place? and will it have any affect on technology 

use? 

Secondary users 

Finally, we must remember that although the technology might be intended for the end 

user, there are always other stakeholders. Especially in the case of elderly, there will 

almost always be others that will come in contact with the technology they use. In our 

case, the family members of several elderly participants came in contact with the robot 

vacuum cleaners; either to help them use it, or fix an error. Another example provided 

by one of our participants was that of a fall detecting wrist band, that sends out a 

message if the user falls. While designers need to consider how the user will interact 

with the wrist band, they must also consider how healthcare personnel may interact with 

the technology remotely to monitor the user's health, or how relatives will interact with 

the system when they receive a distress signal. Thus, it may be interesting to explore 

how and to what extent secondary users affect the use of technology. 

7.3 Final Remarks 

No matter how advanced, or how important robots become in our life, there will always 

be some things that will require humans. Social activities, emotions, etc, will be difficult 

to replicate through robots, although we may get close. And so, as we progress toward a 

world of autonomous devices we must learn to collaborate, and build devices that 

promote collaboration as well.  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Appendix A - Consent form 

Samtykkeerklæring om deltakelse i 
forskningsprosjektet: Multimodal Elderly 
Care System (MECS) 

Bakgrunn og formål 
MECS er et pågående forskningsprosjekt ved Universitetet i Oslo, Institutt for 
Informatikk. Prosjektets formål er å undersøke bruk av informasjons- og 
kommunikasjonsteknologier (IKT) i sammenheng med helseteknologi og 
robotteknologi. I dette ligger det å forstå brukernes behov gjennom brukersentrert 
design, utvikle effektiv sansing av hvordan mennesker oppfører seg og deres 
helsesituasjon, og utvikle læringsmetoder for å forutse uønskede hendelser. Prosjektet 
vil på denne måten demonstrere mulighetene for modellering og prediksjon for økt 
sikkerhet og personvern til hjemmehjelp for eldre. 
Målgruppen for studien er eldre mennesker som bor hjemme eller på institusjon 
tilsvarende eldrehjem. Du er forespurt om å delta i studien fordi du passer i denne 
beskrivelsen. 

Hva innebærer deltakelse i studien? 
Vi ønsker å snakke med deg om teknologi og roboter. Vi kommer til å ta lydopptak og 
notater av det du forteller. Hvis du tillater det vil vi gjerne også ta noen bilder. 
Deltakelse i studien vil på ingen måte påvirke ditt nåværende behandlingstilbud. 

Hva skjer med informasjonen om deg? 
Alle personopplysninger vil bli behandlet konfidensielt. De vil lagres på egne krypterte 
servere som kun brukes til forskning ved Universitetet i Oslo. Opplysningene vil kun 
være tilgjengelig for utpekte medlemmer av prosjektgruppen som har et aktuelt behov. 
Konfidensialitet opprettholdes ved at vi bruker en egen liste der deltakernummer kobles 
med navn og andre personopplysninger. 
Du vil ikke på noen måte kunne gjenkjennes i materiale som publiseres fra studien. 
Prosjektet skal etter planen avsluttes 31.12.2020. Alle personopplysninger vil da 
anonymiseres. Alle opptak vil slettes, uavhengig av om de inneholder 
personopplysninger eller ikke. 

Frivillig deltakelse 
Det er frivillig å delta i studien, og du kan når som helst trekke ditt samtykke uten å 
oppgi noen grunn. Dersom du trekker deg, vil alle opplysninger om deg bli slettet. 
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Dersom du har spørsmål til studien, ta kontakt med førsteamanuensis Jo Herstad ved 
UiO, tlf. 228 40 051. 
Studien er meldt til Personvernombudet for forskning, NSD – Norsk senter for 
forskningsdata AS. 

Samtykke til deltakelse i studien 
Jeg har mottatt og forstått informasjon om studien, og er villig til å delta ( Ja) ____ 
Jeg gir tillatelse til å bli fotografert ( Ja) ____ 
Jeg gir tillatelse til lydopptak av samtale ( Ja) ____ 
Jeg gir i tillegg tillatelse til at bilder blir brukt i dokumenter, presentasjoner og 
demonstrasjoner fra prosjektet. Slikt materiell vil være allment tilgjengelig utover 
prosjektperioden ( Ja) ____ 

Deltakerens fulle navn: ____________________________________ 

_______________ ____________________________________ 
Sted, dato Signatur av representant for MECS prosjektet 
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