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ABSTRACT

Every year the police receive around a quarter of a million reports of missing
people in England and Wales alone. Missing Incidents are not only traumatic
and potentially dangerous for those involved, but are also likely to contribute to
overal public spending; both with respect to the resources required for Missing
Person searches, but also due to the increased likelihood of the breakdown of
familial care following difficult to manage behaviours. Effective responses to
these incidents are imperative, but there is little understanding of how missing

person incidents unfold from the perspective of carers and parents.

The thesis draws together severa disparate research areas, alongside original
research, which helps to elucidate how those responsible for a person with care
and support needs search, navigate and make decisions under stress and lays a
framework of understanding for future research. The work described in this
thesis takes a three stage approach; description, prediction and intervention, in
order to develop a systematic understanding of how missing incidents unfold,
how decision-making within missing incidents can be predicated, and
ultimately how technology could be used to address the problem.

Aninitia interview study describes how missing incidents unfold and identifies
the important decisions made by carers and search and rescue volunteers. Using
this understanding, a vignette study was conducted which led to the
development of a predictive model of behaviour during missing person search
and the identification of factors which influence decision-making under these
conditions. Effective communication is a crucia requirement for carers
conducting Missing Person searches; both for material assistance and emotional
support. Based on these findings, the final study of this thesis tested a novel
prototype technology using an experimental design in a naturally occurring
environment. Several evidence-based recommendations were produced as a
result of thiswork which are intended to inform the design of new technologies
for supporting missing person searches and may be of use to technology

devel opers, policy-makers, care providers and other stakeholders.
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1 INTRODUCTION

1.1 OVERVIEW

This introductory chapter will demonstrate the real-world need for research
within the area of missing person search, highlighting briefly the economic and
human costs associated with missing incidents. Of particular importance to this
thesiswill be an investigation of “informal” missing person searches for people
at risk (including those with care and support needs) conducted by carers and
guardians for the purposes of developing a series of design recommendations
which may assist technology devel opersin creating effective solutions based on
human need and observed behaviours. This chapter will describe a three-stage
approach to addressing the problem (description/prediction/intervention) and
declare the aims and objectives of the research, which will serve asaframework

for the thesis.

1.2 BACKGROUND

Informal and familial carers are estimated to have an economic contribution in
the UK of £132B a year, which is approximately the total annual spend on the
NHS (Buckner & Yeandle, 2015). The main factor in the breakdown of care
and subsequent institutionalisation of those with care and support needsis carer
burden caused by difficult to manage behaviours. Missing incidents are one of
the main stressors responsible for both carer burden and subsequent
ingtitutionalisation (Rowe et a., 2011).

Therefore, it isimperative that guardians and care givers are equipped with the
tools and strategies to deal quickly and effectively with these situations as and
when they occur; both to minimise the immediate risk of the care recipient and

to reduce the long-term likelihood of the breakdown of care.

Every year the police receive around a quarter of a million reports of missing
people in England and Wales alone (Bureau, 2016). Furthermore, it is thought
that many missing person incidents may go unreported. Whilst the vast mgjority
of missing people return home safely, missing incidents present a serious risk
to both children (Biehal, Sinclair, & Wade, 2015; Lampinen, Peters, Gier, &



Sweeney, 2012) and adults (Ali et a., 2016). It is estimated that up to 80% of
adults who go missing also have mental health issues, thus increasing the risk
to their own safety (Missing Persons Data Report 2014-2015). People with care
and support needs and others who could be considered ‘vulnerable’ are much
more likely to go missing than the general population and are at much greater
risk of injury or fatality if they do. (Perkins, 2013; D. Perkins, P. Roberts, G.
Feeney, & M. Penrith, 20114).

Dementia patients al one constitute over 15% of all search and rescue operations
in the England and Wales (Perkins, 2013; Perkins et a., 2011a), yet only
represent around one percent of the population. Not only is the prevalence of
vulnerable adults who go missing disconcerting, but so too are the associated
risks. Koester & Stooksbury (R. Koester & Stooksbury, 1992; R. J. Koester &
Stooksbury, 1995) report that those adults living with dementia who were not
found within twenty-four hours have a mortality rate of around fifty percent.
Whilst much has changed in the intervening years since the work of Koester &
Stooksbury, Bantry White and Montgomery (2016) note that thereis adearth of
literature which investigates the risks of vulnerable adults who are missing.
Additionally, there is great variability of the survival rates of missing
individuals in more recent studies. In a retrospective observational study,
Bantry White and Montgomery (2015) report that incidents of harm were
relatively rare amongst missing people, and indicate that in their study people
only sustained harmin 15 of the 281 incidents, and that only two of whom were
found deceased. Contrastingly, a similar study conducted by Hunt, Brown, and
Gilman (2010) indicates a mortality rate of around 15% for vulnerable adults
who become missing. It is suggested by Bantry White and Montgomery (2015)
that this variability may be due to differences in climate and environment and
that even in their study, there was still considerable risk to missing persons.
Similarly, the survival rates of other vulnerable adults who go missing
(including ‘despondents’, those with cognitive impairments, mental illness
and/or drug dependencies) are reported to be much higher than that of the
genera public (Perkinset a., 2011a).

People living with dementia (PWD) represent a specia case within missing

person search activities. Not only are they overrepresented in search and rescue
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operations, they are also particularly vulnerable to fals and environmental
variation due to their average age and cognitive impairment. PWD are also
proneto ‘Wandering Behaviours', which may exhibit themselvesin avariety of
complex ambulatory patterns (Hope et al., 1994; Lai & Arthur, 2003). Certain
neurological differences also indicate that those who are elderly or suffer from
Mild Cognitive impairment find navigation tasks significantly more difficult
(Moffat, Elkins, & Resnick, 2006). PWD and their carers are also important to
consider in terms of their specific user-requirements for assistive technologies
inlight of the fact that people over 65 are reported to be the lowest demographic
of internet users (Age.co.uk). Additionally, certain cognitive difficulties such as
language processing, reasoning and complex task completion present additional
barriers to technological inclusion.

Whilst there is a wealth of research into laboratory-based visual search tasks
(Ellison, Schindler, Pattison, & Milner, 2004; Kiss et a., 2007), other research
into the experience of families of the missing, and some Human Factors
research into Search and Rescue operations (Julie A. Adams et a., 2007; Julie
A Adams et a., 2009; Plant & Stanton, 2016), very little research has
systematically addressed missing person incidents prior to police involvement.
Recently, however more research has evaluated the impact of technology
designed to help with missing person incidents, but this area of research is
within itsinfancy (Megges, Freiesleben, Jankowski, Haas, & Peters, 2017).

1.3 RESEARCH QUESTION AND APPROACH

1.3.1 Research Question

“How can technology be used to support guardians and carers during
missing incidents?”’

This thesis will focus on the behaviour of caregivers as they conduct missing
person searches prior to police involvement. Specifically, this work will
investigate the decision-making strategies employed by caregivers as they
attempt to find people with care and support needs. The aim of the thesis will

be to discover the chalenges and constraints faced by carers and parents in
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“real-world” missing person searches, to predict the likely behaviour of people
engaged in missing person search and to suggest guidelines for possible
technological interventions based on a knowledge of likely behaviours and
psychological needs.

In order to answer this question adequately, this thesis will adopt a three-stage
approach consisting of description, prediction, intervention. Each of the stages
builds upon the findings in the last in order to create effective interventions
based on an understanding observed behaviours during missing incidents. This
approach enables technologies to be designed which fit the needs of users as
they currently occur, rather than developing technologies which may not
necessarily be compatible with the naturally occurring behaviours. It is hoped
that recommendations which are based on a comprehensive understanding of
naturally occurring behaviours will assist in the management of missing

incidents, improving outcomes and reduce carer burden.

The three stage approach outlined, broadly lines up with the three goals of
scientific research, as defined by Hale (2011) and McBurney and White (2009);
description, prediction and control, where each stage of understanding builds
upon the findings of the last. This approach is particularly relevant to
behavioura and cognitive science, where we may wish to change the behaviours
and/or cognitions of groups and individuals by devel oping an understanding of
how situations unfold, the factors which effect behaviours and interventions

based upon those understandings.
Description

Description is the act of defining, classifying and categorizing naturaly
occurring phenomena and consists of a collection of facts about observed
events. It entails a preliminary understanding of the problem in its full context.
McBurney and White (2009) define description asacrucial first step in any new
field of scientific research. In the descriptive stage, events and entities under
consideration must be documented and categorised. This initial step alows a
consensus to form around the field of inquiry under investigation. Descriptions
of events or phenomenamay be based on arelatively small number of examples
and can be entirely qualitative and at this stage. McBurney and White (2009)
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draw parallels between the necessary descriptive stages of cognitive science and
the pioneering work of the early naturalists who attempted to document and
classify all living forms. Not only is description the collection of data and
understanding of the current state of affairs, “its focus is on the discovery of
meaning” (Ololube & Kpolovie, 2012). Descriptive studies therefore, are
appropriate when the subject of consideration is little understood and lacks
consensus of even basic definitions, often descriptive work may take the form
of observational studies, case studies or surveys (Hale, 2011). At this stage,
preliminary hypotheses can be formed, but the central focus is about discovery,
classification and consensus building around definitions. Description is
crucialy important because it defines the subject matter for which the laws are
sought (McBurney & White, 2009).

This thesis will begin by describing missing person incidents involving people
who could be broadly considered to be at risk. These include children, people
with mental health problems, adults with care and support needs, and in
particular, elderly people with dementia. A literature review will detail existing
research related to this area, and an in-depth analysis of a series of semi-
structured interviews will explore decision-making during missing incidents
and provide additional context to the problem. These chapters taken together
will be the descriptive framework upon which the subsequent work will be

informed.
Prediction

Predictions are based on repeated observations and detail the relative
probability that one even will proceed (or not proceed) another, or that a
particular event will occur given a certain set of conditions. At the predictive
stage of research, causal relationships are not fully defined, but correlations
between variables are established. In practice, this means that we are able to
demonstrate one event is likely to occur after another, without fully
understanding why. At the predictive stage of research, theories can be
generated about the rel ationships between two or more variables. Such theories
entail empirical predictions which are a necessary component of all scientific
research (McBurney & White, 2009). At the predictive stage, predictions must



be operationalised in such a way that they can be verified and tested in an
unambiguous and repeatable fashion; but moreover, they must be capable of
being falsified (Popper, 2014). At the predictive stage of scientific exploration,
theories should entail real-world consequences about the relationships between
the variables of interest which have been identified during the description stage.
Further, the closeness of the theories predictions can be tested against the
observed outcomes in order to see how well these predictions perform; which
may give some indication of the predictive power of the underlying theory.

The predictive aspect of this thesis will be a predictive model of decision-
making during missing person incidents and will be presented from dataelicited
from apool of 272 participants, described in chapter 4. The model will illustrate
‘typical’ missing person incidents, and explore other factors which influence
people’s actions during missing incidents; including differences between
parents and carers, the role of emotion in decision-making and how the mobility
independence of care recipient affects carer-giver behaviour in missing

incidents.
Control / Intervention

The final stage of scientific explanation is control/intervention (McBurney &
White, 2009) which is the third aspect of the goal of discovering regularities of
behaviour. At this stage, predictions have been formalised and expressed in
terms of laws. Individual facts which pertain to the subject matter can be shown
to be instances of general laws, and laws themselves are explained in turn by
their relations to an overarching theory. At such a level of explanation, it
becomes possible to suggest new modes of operation, to develop new
technologies and to propose interventions which are based on this more
comprehensive understanding. For example, an understanding of the germ
theory of disease, facilitates disease prevention which is based upon hygiene
and anti-biotics.

In the current context, based on an understanding of a predictive model, it
becomes possible to suggest interventions that seek to change the behaviour of
individuals to behaviours that are more likely to lead to more favorable

outcomes, to reduce stress, or to increase efficiency.
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Methods of Control / Intervention will be proposed in the later part of thethesis,
these will be devised based on a thorough understanding of how people behave
during missing incidents. A specific technological intervention designed to help
teams conduct missing person searches will be developed and tested in afield
trial. Moreover, general lessonswill be drawn from theresearch in order to form
the basis of a series of design recommendations for the devel opment of assistive

technologies aimed at facilitating better outcomes in missing incidents.

1.3.2 Aims
The three aims of this thesis each represent one of the stages of prediction,

descriptions and intervention.

1. To establish a descriptive framework for understanding Missing
Incidents, based upon a synthesis of relevant existing research and
an investigation into “real-life” missing person sear ches.

To determine typical decision-making sequences within “real-life”
missing person searches prior to police involvement and to identify
challenges and constraints faced by searchers. The initial aim of the
thesisis to discover typical strategies employed by those searching for
vulnerable people and the context in which missing person search
typically occurs. Additionaly, the work will aim to explore the key
stages of missing person search from the period immediately following

anoticed absence to the missing person being reported to the police.

This aim was addressed in detail in study 1 (Chapter 3) and explored again in
study 2 (Chapter 4). Chapter 3 details a series of interviews with both Search
and Rescue experts and the carers of adults with care and support needs, all
interviewees had experience in searching for an adult who could be considered
at risk. It is hoped that by interviewing two different groups, different search
strategies can be examined and evaluated and by describing current best
practice, lessons may belearnt which are applicabl e to the carer population. One
of the purposes of these interviews was to establish “Critical Decisions” made
by searchers during missing person incidents, the challengesthat they faced and
the larger context in which these incidents typically occur. The context here,
denoting not only the environmental factors and the specific circumstances of a

search activity but, more generally, the emotional and cognitive backdrop to the
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situation, as well as the particular constraints of policy. The study detailed in
Chapter 4, revisits this exploration and asks respondents to choose from afixed
series of choices and seeksto probetheir levels of worry and confidencein their
decisions at each stage of the incident.

2. Toform thebasisof apredictive model of human behaviour during
missing per son sear ch, including the identification of factorswhich

affect carer search strategies.

There is a great deal of variability in carers responses to periods of
noticed absence and the strategies they employ to find their care
recipients. One of the key aims of thisresearch will beto identify which
factors affect decision-making in this context. For example, do the
specific hedlth, psychologica and physical conditions of the care
recipient determine the search strategy employed by searchers? Do
people search for adults in a different manner than they search for
children? Further to discovering ‘typical’ decision-making sequences
during missing person incidents and the identification of factors which
influence these decision strategies an aim of thisresearch will beto form
a probabilistic predictive model of human behaviour. This model will
assist in determining likely decision sequences and could be of use to
both policymakers and those looking to develop technological

interventions.

Study 2 (Chapter 4) addresses this aim by modelling decisions made during in
atext-based missing person scenario as a stochastic process, it seeksto discover
whether factors such as care recipient mobility, age and independence influence
the search strategies employed by searchers.

3. To develop evidence-based recommendations and guidance for
thecreation of futureassistivetechnologiesdesigned to help with
missing person sear ch.

The final part of this thesis will be to develop recommendations for the
development and implementation of assistive technologies based on a
comprehensive understanding of the typical decision-making strategies



employed by carers and guardians, which may be of use to technology

devel opers and policy-makers.

A series of recommendations for the development of assistive technologies will
be presented in chapter 7 based on an analysis of the results of the previous
studies. These recommendations will be informed by an understanding of the
typical behaviours of carers and guardians during missing incidents and general

attitudes towards assistive technol ogies.

14 OBJECTIVES

1. Review research related to Missing Incidents; including prevalence,
outcomes, and at-risk groups and critically appraise literature
relevant to “ Search” behaviour and decision-making relevant tothe
resear ch question.

2. Capture the perspectives and experiences of individuals who have
experience of Missing Incidents.

3. Form a model of guardian and carer behaviour during Missing
Incidents.

4. Measure the extent to which various carer or care recipient
circumstances affect search strategies.

5. Elicit the general attitudes held by carers about the use and
appropriateness of assistive technologies to assist with missing
per son sear ch.

6. Survey currently availabletechnologiesdesigned to help with carers
and guardians manage missing incidents.

7. Develop and test a technological intervention which could be used
during Missing I ncidents.

8. Explore how the findings may have practical benefit to care
recipients and carers, as well as technology developers, policy-
makersand other stakeholders.



15 THESISSTRUCTURE

Figure 1.1 illustrates the structure of the thesis. Chapters are indicated by the
corresponding numbers, the research question is highlighted in green, and novel
data contributions of the thesis areillustrated in orange. Each of the main study
chapters (3,4,5 & 6) builds upon the findings and new understanding devel oped
in the chapter that preceded it.

Introduction

Aims and Objectives

Literature Review

How can technology be used to support guardians and carers during missingincidents?”

Cognitive Task
Analysis

. Interactive

Vignette

. Development of
Technology

. oFi.c_\ld Test of

Technology

Recommendations
=

Discussion
. ]

Conclusion

Figure 1.1 Information Flow of Research

Table 1.1 illustrates the objectives which are required to be accomplished in
order to achieve the overall aims of the thesis which in turn provide an answer
to the research question. The diagram aso highlights which chapters
accomplish the specified objectives. It should be noted that whilst the chapters
and studies described in this thesis broadly align with the objectives specified
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inthe diagram above, in practice, thereisfar more overlap between the chapters
and objectives than is represented. For example, in order to accomplish
objective 8 “Explore how the findings may have practical benefit to care
recipients and carers, aswell astechnology devel opers, policy-makers and other
stakeholders’, all previous work has been considered in the context of the
overall question. Similarly, the basis of the predictive model described in
chapter 4 was heavily informed by the work which preceded it. Nevertheless,
the table below should give the reader a clearer indication of the intentions and
motivations for each separate piece of work and moreover provide the reader
with a better understanding of how each chapter helps to answer the overall

research question.

Table 1.1 Chapter Sructure and Objectives

Objective | Aim | Chapter Description
1 1 2 Literature review to review research related to missing incidents
2 1 3 Interviews with individuals involved in missing incidents
3 1,2 3,4 Descriptive and predictive models presented in each chapter
4 1,2 4 Factors measured as covariates
5 2,3 5 Questionnaire on technology use and appropriateness discussed
6 3 5 Appropriateness of current technology discussed in chapter
7 3 56 Technological prototype designed and evaluated
8 3 7 Findings discussed in context

16 CHAPTER OVERVIEW

2: A Human Factors Approach to Missing Person Incidents
This chapter will introduce the relevant background to the thesis, highlighting
not only the prevalence and risks associated with missing incidents involving
vulnerable people, but will also introduce relevant theoretical perspectives the
thesis will draw from. The first part of the chapter highlight the dangers of
missing person incidents through an investigation of relevant statistics. The
second part will focus specifically on people living with dementia and their
carers, it will give a brief synopsis of so-caled ‘wandering’ behaviours
sometimes exhibited by persons with dementia and the associated burden this

may causeto carers and family members. Finally, the chapter will conclude with
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asummary of relevant research paradigms which will be employed in order to
answer the main aims of the thesis. In doing so the chapter will attempt to meet
objective 1, and go part way to achieving aim 1, a description of Missing

Incidents.

3: Understanding Missing Incidents

This chapter will discuss two series of interviews which were conducted at the
beginning of the PhD using a task analysis approach. Five search and rescue
experts, aswell asfive careers of adults with care and support needs, each gave
retrospective accounts in which they were searching for a person that was
considered “vulnerable’. The Critical Decision Technique was used in order to
identify “Critical Decisions’ that were made during each incident. Emergent
thematic analysis was then applied to the transcripts of the interviews which
yielded more granularity than the typica CDM whilst maintaining the
exploratory nature of the interview technique. The findings will be discussed in
order to shed light on how missing person searches are currently conducted from
the perspectives of those who lose individualsin their care aswell as those who
arehighly trained in such incidents. Carerswill beinterviewed asthey represent
a population which would greatly benefit from a technological intervention
designed to assist with missing incidents (objective 7), whereas Search and
Rescue volunteers represent the current best practice for missing incidents and
their role within these incidents helps to put into context the larger context in
which these incidents unfold. It is hoped that by better understanding these
incidents as they occur, policy based and technology based interventions can be
developed in order to better address the needs of those affected. This chapter
will meet objective 2, “ Capture the perspectives and experiences of individuals
who have experience of Missing Incidents” Finaly, the chapter will
demonstrate the study’s novel contribution to these methods and highlight the
benefits of the chosen approach.

4: Vignettes for Predicting Behaviours
This chapter will discuss the tailored scenario study which took the form of an
interactive online survey. The tailored scenario study was informed by the

findings of the CDM interviews. This chapter will discuss the development of
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the scenarios in relation to the results of the previous study as well as how this
approach fits in with existing literature around vignette and scenario studies.
Existing vignette studies are typicaly either entirely quantitative or entirely
qualitative. It will be argued that a mixed methods approach has the advantage
of capturing specific concerns and thoughts of those involved whilst the
quantitative aspect will lend support to a predictive model of behaviour. The
chapter will discuss the results; in particular how they support or contradict the
findings of the previous study. The chapter will also draw attention to novel
approaches to the analysis performed in this study; such as a unique approach
to rank ordering lists of a heterogeneous length and using Markov modelling to

analysis the decision-making behaviours of large groups of people.

5: The Design of Assistive Technologies

The chapter will highlight some of the issues around assistive technologies. It
will also consist of a brief survey of currently available technology that may
assist with informal missing person search and highlight some of the limitations
of existing approaches. Reference will aso be made to other related work
focusing on the necessary considerations of the development inclusive
technology; such as developing technology for those living with a variety of
physical and cognitive impairments. In particular, specific risks for people
living with dementiawill be discussed in detail.

Additionally, this chapter will look in more detail at some of the relevant
guestions asked to participants as part of the previous studies. Both search and
rescue experts and carers were asked a series of questions about their attitudes
towards assistive technologies that may help with missing person search. In
addition, the vignette studies also conclude with a series of open and closed
guestions about assistive technologies, including which technologies carers
think would be most appropriate for their situation and why. The field study
also asks about the appropriateness of assistive technology generally and how
they think the intervention developed for study 3 might help. These findings
will be discussed in unison and general lessons relating to the appropriateness
of technological interventions will be addressed.
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6: Field Trial of Assistive Technology
Chapter six will report upon an artificial search task experiment assisted by a
variety of technological systems. During the study participants will have half
an hour to find as many “search targets’ as they can around the University of
Nottingham University Park Campus. Participants will then be asked a series of
factual questions which will act as an objective measure of their situation
awareness participants will also berequired to fill out a SART questionnaire as
a subjective measure of their situation awareness. Thefina part of thetrial will
also consist of a small focus group in which participants will be asked about
how they felt the technology helped or hindered them and areas in which they
think it could be improved. The study consists of four conditions; one to one
phone calling only; conference calling only, one on one phone calling and
digital map, conference calling and digital map. These four conditions
constitute a two-by-two experimental design, testing features designed to
enhance situation awareness by presenting information visually and auditorily.
It is expected that systems intended to raise situation awareness will also have
a positive outcome on the search task, though it is unknown whether audio or

visual communication will facilitate a better outcome.

7: Discussion
Chapter seven will discuss the findings obtained in the PhD studies from
chapters' three to five and discuss their results with regards to the key research
objectives highlighted in the introduction. The findings will aso be discussed
within their wider context in order to highlight how the PhD studies supplement
and contribute to the body of existing work in this area. Finaly, a series of key
design recommendations will be drawn from the analysis which may help to

facilitate the development of assistive technologies to help find missing people.

8: Conclusion
The conclusion of the thesis will summarise the key findings and explicitly
address how they achieve the aims of the PhD, reference will be made to the
implications of the work and unexplored questions for further research will be
identified.
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1.7 KEY FINDINGS OF RESEARCH

The thesis begins with a summary of relevant literature, identifying the risks
and prevalence of missing incidents. Specific risks for PWD are underscored,
as well as the logistical and emotional difficulties caregivers may experience
during missing incidents. During the first series of interviews, the decision-
making sequences of carers and search and rescue experts are compared and
contrasted and two respective models explain the differences between the
observed behaviours; typically Search and Rescue Experts engage in proactive
planning and time-management, contrastingly, caregivers typicaly employ
reactive decision-making strategies which are opportunistic. Informal missing
person search prior to police involvement is often a task often involving
multiple people. People will often seek assistance early on after a period of
noticed absence and long before calling the police, both for material assistance
in the search task, but, additionally, for emotional support and reassurance. It
was observed that carers are often reluctant to contact the police, even when it
was appropriate to do so. This finding is in concurrence with earlier work
conducted by Dodds (1994).

The work also details decision-making differences between carers of adults and
carers of children and highlights other differences which may be used as
predictorsfor the decision-making sequences of missing incidents. Mobility and
independence of the care recipient are excellent predictors of total choices that
will be made before the caregiver calls the police. The level of worry
experienced by the caregiver initialy following an absence is an excellent
predictor of how many actions caregivers will perform prior to calling the
police. Three predictive models of caregiver behaviour during missing incidents
are proposed; one of the models identifies “rank ordering” of the decisions
within a missing incident, and it is thought that these rank orders reflect
associated task costs, with decisions which are perceived as less costly (both in
terms of time resources and associated guilt) are prioritised during missing
incidents. This finding is supported by a correlation between self-reported
worry at each decision and rank order.

The thesis also presents a novel technology which is intended for use during

missing person incidents. Unlike other technologies designed to help with
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missing incidents, the technology put forward in this thesis does not depend
upon location tracking technol ogies (GPS/GNSS), but instead seeksto facilitate
communication between teams of searchers. This contrasts with work which
depends upon a person wearing or carrying a GPS enabled device (Bulat et d.,
2016; Megges et a., 2017) and as such does not depend upon an at-risk person
carrying GPS enabled technology. Instead, the technology presented in this
thesis could be used in conjunction with GPS enabled solutions. This
technology has been tested, and whilst participants were generally approving,

the effect on search performance is yet to be demonstrated.

1.8 NOVEL CONTRIBUTION(S) TO METHODOL OGY

The initial study discussed in the thesis (Chapter 3) extends Klein's Critical
Decision Method in a number of ways. One of the sets of interviews was
conducted with people and who were not necessarily experts in planning and
conducting missing incidents. The purpose of these interviews was to discover
the general decision-making sequences of carers as well asthe cuesthey depend
upon in order to arrive at their decisions and the underlying emotional states
peopl e experience when engaged in the activity. According to Klein, expertsare
individuals who have acquired thousands of patterns which are specific
accumulations of direct and vicarious experiences and alow enable them to use
these experiences to “intuit” appropriate responses to novel stimuli (Gary
Klein, 2015). Whilst carers and informal care givers may have considerable
knowledge about their care recipient, it is unlikely that they will have
experienced thousands of missing person incidents which would enable them to
apply their previous knowledge seamlessly to a new situation. It may certainly
be the case that carers can be considered experts in their respective fields, but
the carerswho were interviewed in thisthesis confirmed that they had very little
experience in conducting Missing Person Incidents. Thus, the interview
approach differs from Klein's origina formulation which uses the CDM to
specifically elicit the tacit knowledge of experts (Gary A Klein, Calderwood, &
Macgregor, 1989) within a particular domain, rather than to understand how
non-expert users arrive at their decisions. The study also built upon emergent
thematic analysis techniques (Wong & Blandford, 2002; Wong & Blandford,
2004) applied to critical decision method interview transcripts, by performing a
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analysing using two separate coding schemes and quantifying the overlap
between critica decisions and “global themes’. This alows for an
understanding of where decision-makers attention is focused at each stage of
the incident.

Chapter 4 presents an original approach to vignette studies, by introducing both
customised and interactive elements. The study bears resemblance to traditional
experimental vignette approaches but due to the nature of the independent
variables (care recipient mobility and independence), it is not possible to
manipulate the factors which are likely to influence strategies employed by
carers. Therefore, the experimental design more closely resembles that of a
naturalistic experiment, whereby key independent variables are identified but
not controlled by the researcher. This multi-staged vignette was heavily
informed by the interview findings of the previous study. The scenarios
participants were presented with in this study were based on real-life missing
person incidents and the decision-choi ces presented to participants were choices
which were identified as “Critica Decisions’ from retrospective interviews

about real-world missing incidents.

Further, the study presented in Chapter 4 also uses a number of novel analysis
techniques for understanding decision-making sequences; including avariation
of pair-wise ranking to determine the relative order of decisions even in
conditions where certain decisions are absent from decision-making sequences.
Such atechnigue could also be used to identify preferences in rank order tasks

where rank responses made by participants are of heterogeneous lengths.

Chapter 4 will aso discuss the use of Stochastic modelling techniques based on
vignette responses in order to form the basis of a predictive model of human
behaviour. Stochastic modelling techniques have been used to predict human
behaviour in a variety of contexts, including language recognition techniques,
driver behaviour and consumption patterns, but to the best of the author’'s
knowledge, the application of stochastic modelling techniques to vignette data

isan origina contribution.

Finally, anew Android application was devel oped specifically for the field trial

described in this thesis, with the hopes of enabling better communication
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between teams of people engaged in a co-operative search task. There are
various other patents that describe similar applications, but nothing in a high-
level search on the combination of a messenger app in combination with a
location app. The field trial designed for this study adopts a traditiona
experimental design (two by two) but in a naturally occurring environment. In
this way, the study design deviates from more controlled experiments in
laboratory environments, but also allows the various aspects of the intervention
to be separated and examined in away in which research “in the wild” does not

usually allow for.

Ovedl, the thesis presents a comprehensive method for exploring under-
researched areas of interest, and provides a clear structure of how research can
progress through initia exploratory stages, to quantifiable models which
identify the influence of operationalised variables and finaly, how that
understanding can be used to inform the design of atechnological intervention.

19 CHAPTER SUMMARY

This chapter presented a general background to the problem of missing persons
and discussed the approach that will be taken for the research. The aims and
objectives of the PhD have been discussed and an explanation has been given
of how each of the proposed studies will satisfy these aims. The content of the
chapters has been described, briefly and novel contributions of the research have
been highlighted. The following chapter will discuss existing research related
to the area of missing incidents, search behaviour and decision-making and in
so doing attempt to develop descriptive framework for understanding missing

incidents.
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2 A HUMAN FACTORSAPPROACH TO MISSING INCIDENTS

21 CHAPTER OVERVIEW

This chapter will describe and critically appraise existing research which may
shed light on cognition and behaviours during missing incidents. It will provide
an overview of relevant missing person statistics in Great Britain and the
associated risks faced by missing persons and their carers. The chapter will also
describe specific risks surrounding at risk groups and the technological
solutions designed to reduce those risks. The chapter will conclude with a
summary of research paradigms;, providing a deeper insight into search,
navigation and decision-making and providing a theoretical underpinning for

the work described in thisthesis.
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Figure 2.1 Scope of Literature Review

2.2 A HUMAN FACTORSAPPROACH TO MISSING PERSON INCIDENTS

Missing incidents are activities which usually involve a wide variety of
individuals, institutions and complex socio-technical systemsin atime-critical
situation. Therefore, athorough understanding of these incidents depends upon
an in-depth analysis not only of individual behaviour and psychology but also
an investigation of how people work in teams during missing incidents and a
full consideration of thereal context inwhich missing incidents occur; including
any organisational, legal or logistica constraints and commonly used
technological artefacts. Human Factors is a research discipline which
incorporates many aspects of psychology and cognitive science, but unlike its
more theoretical cousins, Human Factors does not seek to discover universal
truths of human behaviour devoid from the specific context in which they occur.
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Instead, Human Factors is an approach that uses the knowledge of human
abilities and limitations in-situ to inform the design of systems, organisations,
tasks and toolsin order to facilitate safe, efficient and effective human use. The
Chartered Institute for Ergonomics and Human Factors (UK) gives the
following definition: “ Ergonomics (or Human Factors) is the scientific
discipline concerned with the understanding of interactions among humans and
other elements of a system, and the profession that applies theory, principles,
data and methods to design in order to optimise human well-being and overall

system performance’.
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Figure 2.2 The"Onion Model" of Human Factors from (Wilson & Sharples, 2015)

The “Onion Model” depicted in Figure 2.2 (above) describes the scope of
Human Factors research for workplace design, and has served as a theoretical
framework for numerous studies which seek to understand complex work
environments, often depending heavily upon shared work between people and
technological artefacts (Sharples et a., 2012; Waterson & Catchpole, 2016).
Human Factors has been considered a “bridging disciplineg’” (Wogalter,
Hancock, & Dempsey, 1998) which provides a common framework for
facilitating numerous aspects of workplace design and investigation. The

“Onion Model” metaphor suggests a holistic approach to understand complex
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interacting systems and sub-systems of people (Waterson & Catchpole, 2016),
and emphasises the importance of end-users and other stakeholders as being
centra to the investigation. Human Factors professionals are often involved
with numerous other experts in a wide variety of collaborative projects, which
often means collaborating with people from disciplines who may have
differences in their overal approach. Hence, the “Onion Model” does not
necessarily prescribe a strict methodology, as it does suggest an overal
approach which places the users of the system as the central topic of its
investigation (Catchpole, 2013).

The centre of the diagram aptly shows the people, technologies and artefacts
under consideration, which is the predominant focus of Human Factors
research. The next level out, highlights the tasks under consideration; this may
be a particular work task, such as entering data into a spreadsheet or cleaning a
house. Also highlighted in the diagram is the personal physical and virtual
workspace, which describes the physical and virtual space in the immediate
vicinity of an operator and the wider physical and virtual work environment in
which these are situated. These aspects are all subsumed by the work and
organisational context, which encapsulates the wider business culture, financial
constraints and priorities and any socia influences which may bein effect. On
the right hand side of the diagram, three human factors goals related to the
workplace design are given. Whilst it could be argued that Human Factors and
Ergonomics have broadened their attention from solely occupational and
workplace design, the diagram is still applicable to other contexts in which
humans use technology and artefacts to achieve desired goals. Human Factors
focuses first and foremost on people, and their interactions with technologies
and artefacts in order to perform meaningful tasks. Using “The Onion” model,
as a guide, this chapter will attempt to elucidate missing incidents, the people
involved in those incidents, and the wider context in which these incidents
occur. An exposition of the scale of the problem will be presented in the first
part of this chapter (2.3), making reference to the prevalence and risks of
missing incidents. The second part of the chapter (2.4) will identify at risk
groups who are at a high risk of becoming missing or at a high risk of injury or

mortality when they do. Finally, the chapter will draw upon various research
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paradigms which are related to missing incidents as well as other cognitive
science concepts and theories which facilitate the understanding of likely
behaviours and cognitions during search tasks. The intention of this chapter will
be to describe missing incidentsin detail, the people affected by those incidents
and relevant research which may help to explain and understand the behaviours

of thoseinvolved in the early stages of those incidents.

2.3 MISSING PERSON RESEARCH & STATISTICS

2.3.1 Prevalence of Missing Incidents

Missing incidents in the UK, whilst relatively rare amongst the entire
population, pose a serious threat of physica and psychological harm to the
missing and can often cause considerable distress to the families of those who
affected. The last available data from the UK shows a 5% increase of missing
persons reported to the police, and current data shows around 577 missing
person incidents are created per day, relating to approximately 350 missing
people (Bureau, 2016).

Table 2.1 Missing People in Great Britain per 1000

Table recreated from Missing Persons Data Report 2014-2015

Police Population No. of missing- Per 1,000
estimate 2014 related calls 2014/15 population
England & 57,408,654 282,066 4.9
Wales
Scotland 5,347,600 39,926 7.5
Tota 62,756,254 321,992 51

Table 2.1 provides an estimate of missing-related calls made in England and
Wales, and Scotland respectively. Often the number of missing related calls
exceeds the number of missing individuals. A number of reasons are given for
this discrepancy, firstly, that numerous repeat cals may related to a single
missing incident, or that the missing person is found before the details are
entered into a case management system. The Missing Persons Bureau also

suggest that caution should be taken when considering figures provided from
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police departments as not all missing people are reported to the police, or
reported as missing. Several areas has seen increases of above 50% on previous
estimates, but this may be in part due to children’s homes being encouraged to
report missing incidents early, rather than attempting find the children

themselves before contacting the police.

The UK notably keeps comprehensive statistics rel ating to missing persons, but
international statistics relating to the prevalence of missing incidents are hard
to come by. However, the FBI recently published statistics pertaining to the total
amount of missing person reports and unidentified persons (2018 NCIC Missing
Person and Unidentified Person Satistics, 2019), which is shown in Table 2.2.

Table 2.2 Missing Person Satistics in the United Sates

From 2018 NCIC Missing Person and Unidentified Person Statistics

Males under 18 198327
Females under 21 225640
Males over 21 986111
Females over 21 62371

Whilst the FBI do not give these figures in terms of rate per 1,000 population,
unlike UK dtatistics, totalling these values and comparing them to the
population of the USA as a whole, gives a figure of 4.50 per 1,000 for the
population. Which is comparable, but dightly lower than the UK average.
However, comparisons of this kind need to be taken cautiously, as reporting
methods and legal definitions vary from country to country.

Similarly, assessing the prevalence of missing incidents across Europe is
difficult; Interpol have not made statistics on missing incidents available. There
Is some limited data on missing children in Europe. The organisation Missing
Children Europe, who manage and support anetwork of hotlines suggest that in
2017, they received calls relating to 5621 Missing Children (Missing Children
Europe 2018). In addition, the European Commissioned report (Cancedda,
2014) dso provides some statistics relating to the prevalence of missing
children across Europe but point out that cross-country comparisons of thiskind
are fraught with problems. In the last available report covering the timescae

from July 2012 until July 2013, there is considerable variability in the
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prevalence reported between member states. In the Netherlands, Greece and
Cyprus, reports for missing children range from between 0.06 and 0.35 per
1,000 children, conversely, Hungary reported 8.52 missing children per 100,000
and Ireland reported 5.57 missing children per 100,000. Unfortunately, no

comparable reports are available for the adult population.

2.3.2 Demography of the Missing

Table 2.3 Demography of Missing Personsin Great Britain

Recreated from Missing Persons Data Report 2014-2015

Age group Mae Female Total Age group
Incidents Incidents | Incidents | percentage
of total
incidents
0-4yrs 608 479 1,087 0.6%
5-8yrs 1,120 528 1,648 0.9%
9-11yrs 3,540 1,864 5,404 2.9%
12-14yrs 17,812 20,275 38,087 20.3%
15-17yrs 28,804 37,823 66,627 35.4%
18-21yrs 6,370 6,353 12,723 6.8%
22-39yrs 19,169 11,049 30,218 16.1%
40-59yrs 13,240 6,966 20,206 10.8%
60-79yrs 4,928 2,388 7,316 3.9%
80+yrs 1,922 1,212 3,134 1.7%
Unknown 748 749 1,497 0.8
Total 98,261 89,686 187,947
Total 52.3% 47.7%
percentage

Table 2.3 gives a breakdown of missing incidents by age grouping and gender.
According to these figures, teenagers are the group most likely to go missing in
Great Britain (England, Wales and Scotland) and males are slightly more likely
to go missing than females (52%). Additionally, thisgender difference increases
with age, with 62% of all adult missing incidents attributed to men.
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2.3.3 Missing Person Behaviour and Risks

Table 2.4 Incidents Broken Down by Type of Harm 2014/15

Recreated from Missing Persons Data Report 2014-2015

3
£ g g 5 |8 | 8 EsB
IS 5

SE | 85|88 23 % 38§ L2 |3

T EZI 28 ES| & 5‘;55 23 |2
2014/1 | 223 67 | 255 | 795 | 965|162 | 59588 | 62,055
5Total
Percent | 0.3% | 0.1% | 0.4% | 1.4% | 1.4 | 02% | 96%
age %

Whilst the vast majority of missing people return unharmed, the highest risks

suggested by the data are physical injury and self-harm. The report also notes

that the level of emotional harm may be significantly underestimated due to the

difficulty in classifying what constitutes emotional harm.

Table 2.5 Percentage of Incidents by Harm Suffered 2014-15

From Missing Person’s Data Report 2014-15

Child Adult Total
N = 38,450 N = 23,605 N = 62,055

No harm 98.1% 92.7% 96.0%

suffered
Hurt or harmed 1.6% 6.1% 3.3%
Sexual offence 0.3% 0.1% 0.3%

victim

Found deceased <0.1% 1.1% 0.4%

Table 2.5 demonstrates that adults are significantly morelikely to come to some

form of harm than children, but missing children are more likely to be the

victims of a sexual offense than missing adults.
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2.3.4 Wider issues surrounding Missing Persons

A more holistic approach has been adopted by Stevenson, Parr, Woolnough,
and Fyfe (2013) who conducted a series of qualitative interviews with families
who ‘livewith’ amissing person and identified key aspects of their experiences.
They focused particularly on search, communication and the relationship the
family had with Police services. From their research, they concluded that the
decision to report an adult as missing is fraught with anxiety and this often
prevents them from seeking help sooner. Often families conduct significant
informal searches prior to seeking professiona help. In emergency situations,
people often experience potentially overwhelming emotions which can affect
their own personal safety (Whaen & Zimmerman, 1998). In an ethnographic
study, Lois (2001) observed the extreme emotions experienced by family
members during crisis situations and investigated the role of volunteer search
and rescue teams in interpersonal emotional management. Rescuers typically
managed victims and families extreme emotions during crisis situations. This

often led to alasting emotional bond between family and rescue team.

24 AT Risk GROUPS

2.4.1 People Living with Dementia

There are an estimated 50 million people worldwide living with dementia, with
that number expecting to approximately double every 20 years asthe popul ation
ages (2011b). The economic impact of dementia is estimated to rise to
approximately $1T by 2018 (Perkins et a., 2011b). These costs include direct
medical care costs, formal social care costs (provided by community care

professionals), and informal care costs (unpaid care by friends or relatives).

The importance of an effective response to dementia was highlighted by health
ministers in the G8 Heath summit of Dec 2013, who state that; “We need to
provide better and more concrete measures for improving services and support
for people with dementia and their carers, to improve their quality of life and
wellbeing.” The importance of wellbeing and quality of life is also explicitly
stated in Scotland’ s National Dementia Strategy 2013-2016 and the State of the
Nation Report on Dementia Care and Support in England.
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The term dementia refers to a variety of brain diseases which may cause
difficulties with memory loss (Bowen et al., 1997), cognition and language
(Choe et d., 2008), as well as a reduction of visuospatia skills (Simard, van
Reekum, & Myran, 2003) and difficulties with orientation tasks (L. Liu,
Gauthier, & Gauthier, 1991) resulting from brain cell death (Whitehouse et al.,
1982). Although dementia can affect people of all ages, it isacondition which
disproportionately affects the elderly, with only an estimated 5% of cases
occurring in people below 65 inthe UK (Princeet a., 2014). Dueto dementia's
association with age and women’s higher life expectancy, most people with
dementia are women, consequently, dementia is the leading cause of death
amongwomeninthe UK (A. s. R. UK, 2015). Whilst some memory lossis often
observed as people get older, dementia differs markedly from normal cognitive
and memory decline due to aging (Anstey & Low, 2004; Belleville, Peretz, &
Malenfant, 1996), which is thought to affect approximately 40% of people over
65 (Canada).

As well as cognitive impairment, dementia significantly impacts people's
ability to perform the “ Activities of Daily Living” (activities such as cooking,
cleaning and shopping). The ability to perform these tasks independently is
crucia to maintaining quality of life in people with dementia (Andersen,
Wittrup-Jensen, Lolk, Andersen, & Kragh-Sgrensen, 2004).

Similarly, dementiais different from Mild Cognitive Impairment (MCI), which
isasyndrome defined as cognitive decline greater than would be expected from
an individual’s age and education level and affects between 3% and 19% of
adults over 65 (Gauthier et a., 2006). The wide range of the estimated
prevalence of MCI in the adult population islikely to be caused by the difficulty
of definition and assessment (Ganguli, Snitz, Saxton, & et al., 2011). MCI may
remain relatively constant for a number of years, without progressing to more

sever impairment or dementia (Feldman & Woodward, 2005).

Dementia has a variety of underlying neurological causes, including
Alzheimer's disease, vascular dementia, Lewy body dementia and
frontotemporal dementia. The World Health organisation estimate that
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approximately 50 million people have dementia, with Alzheimer’s accounting

for approximately 60-70% of those cases (Organisation, 2017).

It isalso reported that people living with dementia have on average two to eight
co-morbidities (additional chronic illnesses) (Sanderson et al., 2002; Schubert
et a., 2006), which can often introduce additional difficulties, further reducing
their quality of life and increasing the complexity of care that they require. For
those people with dementia who become lost, this may substantially increase
their risk of an adverse outcome. In addition, there is strong evidence to suggest
that comorbidities increase the speed of cognitive decline in patients diagnosed
with Alzheimer’s (Solomon, Dobranici, Kareholt, Tudose, & Lazarescu, 2011).
The most frequent comorbiditiesin peopleliving dementiaare hypertension and
diabetes, but other significant associations include Parkinson’'s disease,
congestive heart failure, skin ulcers and cerebrovascular disease (Poblador-Plou
et a., 2014). Poblador-Plou et al. (2014) also highlight the comorbidity rate of
other psychological disorders such asinsomniaand anxiety and neurosis, which
may make any interventions to prevent wandering behaviours particularly
difficult.

2.4.2 Why do people “Wander”?

“Wandering” refers to a variety of behavioural, navigation and ambulatory
patterns which can accompany all variations of dementia. Wandering is said to
include’ checking’, ‘aimlesswalking', ‘ excessive activity’, ‘walking towards an
inappropriate purpose’ and ‘wandering off’ (Hope et a., 1994). and has been
considered one of the most difficult to manage behaviours (Matteson, Linton,
& Barnes, 1996; Rowe M et al., 2015). It is aso one of the major factors
determining the likelihood of ingtitutionalisation (Knopman, Kitto, Deinard, &
Heiring, 1988).

However, more recent research into the behaviour based on the experiences of
carers chalenges the assumption that ‘wandering’ is ‘aimless (Brittain,
Degnen, Gibson, Dickinson, & Robinson, 2017). Brittain et a, anaysed
qualitative interviews conducted with carers and argue that the prevalent
narratives demonstrate there are pronounced links to specific areas and

meaningful places which people with dementia will walk to, thus suggesting
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‘wandering’ may, in fact, be goal-directed behaviour. Similarly, Algase et a
(1996) argue that the so-called disruptive behaviours observed in PWD may be
an attempt to address unmet psychologica needs.

The Algase Wandering Scale was developed in an attempt to categorise the
various forms of wandering behaviour and measure their presence and severity.
It has been used in avariety of research and clinical contextsand is currently on
itsfirst revision, which hasitself been translated into many languages (Greiner,
Makimoto, Suzuki, & Yamakawa, 2013). Algase (2006) points out that
‘wandering’ and other difficult to manage behaviours have been historically
under-researched compared to dementia research within the field of biological
sciences. She argues, however, that the research is becoming more rigorous as
our understanding increases with much of the research being quantitative and
stating an explicit framework for research. Algase considers wandering
behaviour to the desire to meet an unfilled need and becoming lost rather than
merely “aimless’” ambulation (Algase et al., 1996).

However, the definition of “wandering”, still lacks consensus. A literature
review conducted by Halek and Bartholomeyczik (2012) concluded by stating,
“ At the moment there is no conclusive definition of wandering, there are no
obvious causes for it and therefore no clear intervention recommendations’ .
Theterm ‘wandering’, they argue, is too diffuse and too difficult to distinguish
from other forms of behaviour, such as agitation and non-anomalous
ambulation. In addition, they suggest that much of the literature, taxonomies,
interventions and suggested aetiologies are based on older research which lacks

scientific rigour.

There is dso a dispute between the relationship between ‘wandering’
behaviours and getting lost from a community care home, with some arguing
the two are conceptually distinct, and therefore, measures of ‘wandering’ are
not sufficient to determine specific risks (Bantry White & Montgomery, 2016).
Rowe, et a. (2011) also differentiate ‘wandering’ from missing incident

behaviour in terms of frequency, timing and nature.

The Missing Person Conceptual Model posits an interplay between the

contextual, situational and neurological antecedents that result in a PWD
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leaving a place of safety and becoming missing (Rowe M et a., 2015).
Contextual issues include becoming separated from the caregiver whilst out,
becoming agitated and leaving home, and most crucialy, a gap in the
supervision of the PWD. The most notable element of the Missing Person
Conceptual Model (Figure 2.3) is the interplay between the antecedent factors
which result in a missing incident; these contextual, situational and
neurocognitive antecedents cannot be considered in isolation from one another
asthe specific neurocognitive factorswill affect situational factors, such aslevel
of surveillance required, and contextual factors, such as regular behaviours
exhibited by the PWD. The model is excellent for sketching the precursors of
missing incidents and highlighting some of the consequences of such events,
but does little to elucidate missing incidents themselves.

Situational Antecedents (Caregiver and Community) |
* Unattainable levels of surveillance required
Limited options for supervision by other family/friends
or technologles |
Lack/difficult to use/find resources
* Limited respite programs
* Missing incidents often singular and are difficult to

predict

— ==

Neurocognitive Antecedents (Person with Dementia)
Impaired declarative memory
Impaired episodic memory
Anosognosia (lack of Insight)
Impaired executive function
Deficits in visuospatial / visuoperceptual processing and
lopographical memory

Contextual Antecedents (Person with Dementia)
¢ Unable to retain instructions or remain in place when
left alone at home or in community
+ |5 on routine, permitted, independent activity in the -+
| community either walking or driving
.+ s unsupervised nighttime activity
| & Leaving home when agitated

Consequences
Person with Dementi
Injuries
Death

Loss of autonomy
Formal care placement
I
Increased feeling of worry
Increased burden
Inadequate sleep
Disruption in employment or other
activities

L]
L]
Missing Incident :
(not in expected location and >
whereabouts unknown to
caregiver)

Figure 2.3 Missing Person Conceptual Model

From Rowe et al, 2015

31



It has also been suggested these behaviours more common in those with
Alzheimer's than other forms of dementia, and existing psychopathol ogies may
alsoincreasetherisk (D. A.Kleinet a., 1999), yet thereisadebate surrounding
the prevalence of this behaviour, with estimates varying considerably from
17.4% to 63% (Lai & Arthur, 2003). No doubt, this wide discrepancy of
estimates is largely down to the difficulty of categorising exactly what
constitutes wandering, and exactly how it should be classified. Whilst there is
still some controversy surrounding the causes and definition of ‘wandering’
behaviour, it is often seen to be one of the biggest concerns for PWD and their
carers (Dodds, 1994).

2.4.3 Risks and Behaviour

When elderly individuals suffering from cognitive impairments go missing,
there are many potential risks. In a retrospective analysis of 62 elopement
incidents, Aud (2004) identified several risks that eloping individuals
encountered which included; roads, lakes, woods, construction sites, railway
lines and outdoor temperature. They identified 4 incidents of serious risk from
hyperthermia and 13 of risk from hypothermia. Of those in the study, 32%
suffered injuries and 7 of the 62 were admitted to hospital, one woman later
died from injuries sustained whilst leaving a care home unescorted. Clearly,
when vulnerable people become lost and confused in unfamiliar environments
they pose a great risk to their own personal safety. Finding people who abscond
in atimely fashion is critical and may even save lives. McShane (2013) points
out that 40% of all people who have dementia will a some point get lost, and
5% will get lost repeatedly. It isthis 5 % he suggests that are an ideal candidate

for assistive walking technology.

In a retrospective study, R. J. Koester and Stooksbury (1995) anaysed the
database of the Virginia Department of emergency services records of SAR. It
was discovered that people with dementiawho go missing will usually be found
within a mile of the position they were last seen (PLS), (89% within a mile,
mean 0.6 miles, median 0.6 miles, range 2 miles). All the people in the study
that were found within twenty-four hours survived, but mortality ratesincreased
to fifty-four percent after this critica period. In around half of all cases,

caregivers conducted extensive searches themselves without informing the
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police. In the cases when the patient was found uninjured, those who did contact
the police in the study did so after amean time of around ten hours. The carers
of those who were found deceased only contacted the police after a mean time
of 3.5 days. There was some evidence to support the notion that people living
with dementia take the path of least resistance, with most of those found on or
close to roads, many in large bushes or briars and a significant number also in
creeks or drainage systems next to roads. It is also reported that many with
dementiawho go missing will wander across roads, are generally unresponsive

(even when uninjured) and will rarely leave physical clues asto their location.

Ali et a (2016), also highlight the adverse consequences of wandering in
community care settings. Of the 143 participants in their study with mild
dementia, 49% had falls, fractures or other injuries due to wandering behaviour
and around 43.7% demonstrated el oping/abscondment behaviours. They also
note that whilst persistent walking and poor gait were significant predictors of
risk, there were no correlations between the participants demographics (age,
sex, ethnicity, education) and health, and their risk from wandering-related
adversity.

2.4.4 Children at Risk

Children who are aged 15-17 are the highest group to be reported missing to the
police, both in terms of gross figures, but also as percentage of the population.
Missing incidents involving children are also far more likely to be attributable
to repeated missing cases, with repeat missing cases accounting for 59% of all
missing children incidents as opposed to 20% of adult incidents (Bureau, 2016).
Fortunately, over 98% of missing children return unharmed and less than 0.1%
are found deceased (Table 2.5 Percentage of Incidents by Harm Suffered 2014-
15) and approximately three quarters of children are returned in less than 24
hours (Bureau, 2016). Whilst these figures are somewhat encouraging, distress
caused to both children and parents during missing incidents as well as the
social and financial costs associated present clear and pressing problems which

need addressing.

When children are missing for the long-term, not only is this a tragedy for the

child, but likely also to cause immeasurable distress to parents and family
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members, that may in some cases be far more difficult to manage than even the
confirmation of the death of achild (DeY oung & Buzzi, 2003). Parents of long-
term missing children find it difficult to begin bereavement when there is still
ambiguity about their child, and aso reported poor experiences with therapy
and support groups, which can in some circumstances lead to depression
(DeYoung & Buzzi, 2003). In the case of children, the fear of abduction is
much more prevalent (Woolnough & Gibb, 2016), despite the fact that crimina
abductions only account for 0.2% of all missing children cases across Europe
(Missing Children Europe, 2018). More worrying still for the parents of missing
children it has been estimated that there is between a three to six hour window
from the time of abduction to the time of murder (K. M. Brown, Keppel, Weis,
& Skeen, 2006).

Children who are intentionally missing tend to be older than children who are
considered unintentionally missing (Woolhough & Gibb, 2016) and there is
considerable concern that these older children will become victims of child
sexua exploitation (Sharp, 2012). It has been reported that there are other
considerable risks faced by missing children, such as drug use, poor health and
being the victims of crimes (Shalev, 2011). It has been suggested that predicting
risk is extremely difficult in the case of missing children because of the highly
individualistic nature of missing incidents and therarity with which these events

occur (Tarling & Burrows, 2004).

Additionally, not only are missing children more likely to be the victims of
crime, repeat missing children are aso likely to become involved in crime
themselves (Shalev, 2011). In astudy which examined al solved cases where a
child under the age of 18 had gone missing repeatedly in the area of Oxford, it
was discovered that 82% of repeat missing children were also involved with
crime and arrested on at least one occasion, with the most common offences
being GBH, assault, theft, shoplifting and criminal damage (Shaev, 2011).
Where data was available, the study indicates that in 36% of cases, children
went missing from a care home environment and 5% went missing from foster
care. Thisfinding is supported by more recent work conducted by Hayden and
Goodship (2013), who note the high volume of children who were missing were

within care of missing person reports involving children. In their study, they
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ascertained that children in care represented 44.9% of all incidents, which
means they are heavily overrepresented. However, when incidents were
analysed on a per child basis, this figure dropped to 28.7% which may suggest
that children in care are much more likely to be missing on multiple occasions.

2.4.5 The Role of a Carer

The importance of adequate care provision in an aging population cannot be
overstated. Informal and familial carerswere are estimated to have an economic
contributionin the UK of £132B ayear, which isapproximately the total annual
spend of healthcare (Buckner & Y eandle, 2015). Thisfigureisup from previous
estimates for two main reasons; firstly, the number of people over 85 has
increased by 38% since 2011 and secondly, a reduction in homecare support
provided by local government (Buckner & Yeandle, 2015). The number of
people acting as unpaid carers is increasing faster than the rate of population
growth inthe UK and more peoplethan ever before areinvolved in the provision
of care for another person. As of 2015, approximately 6.8 million people were
acting asinformal carers. That figure is up from 2001 by approximately 16.5%,
with the largest real increase being in those carers that provide fulltime care
(50+ hours) (Buckner & Yeandle, 2015). Whilst the population of carers is
growing, it is important to remember that the population is not static, with an
estimated 2.1 million adults taking on caring roles a year, and almost as many
seeing their caring responsibilities come to an end (Addison, 2014). This rapid
turnover means that most people will take on caring responsibilities at some
point in their lives. An estimate from CarersUK suggests that as many as three
in five people will provide unpaid care for afriend or relative (George, 2001).
Supporting carersto manage difficult behaviourswill not only improvethelives

of those affected, but is likely to reduce dependency on public services.

Carersnot only provide practical help for those who are sick, infirm or disabled,
but they also provide emotional support. The affected person is dependent upon
the carer, and as such their well-being isdirectly related to the nature and quality
of care they receive (Shah, Wadoo, & Latoo, 2010). These demands can often
place considerable strain on carers, impacting every aspect of their lives, from
socialising and relationships to work life. In a UK survey conducted in 2015,
84% of carersreport high levels of stress, 78% report high levels of anxiety and
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55% of carers reported feeling depressed (Carers UK’s annual survey 2015),
Caring can often raise difficult personal issues, such as duty, responsibility,
adequacy and quilt (Oyebode, 2005). It has also been shown that these
depressive symptoms in carers are highly correlated with the severity of
functional impairments and intensity of problematic behaviours (such as
wandering) in care recipients (Corcoran et al., 2002; Molyneux, McCarthy,
McEniff, Cryan, & Conroy, 2008). Dementia in particular, is likely to cause
anger, grief, loneliness and resentment of the carer (Cohen, Colantonio, &
Vernich, 2002).

Carer burden is defined as a context-specific negative affective outcome that
occurs as a result of a perceived inability to contend with the role demands of
caring, often resulting in feelings of hopelessness or futility (Park et a., 2017).
It has been argued however, that carer burden is ill-defined, and often
contradictory within the academic literature, thus making it difficult to
demonstrate its relevance to clinicians and policy makers (Bastawrous, 2013).

Despitethis, the Zarit Burden Interview (Zarit, Reever, & Bach-Peterson, 1980)
is believed to be the most commonly used measure of carer burden (Bachner &
O'Rourke, 2007). Thisis awidely administered self-report measure is usually
conducted in the form of a closed-response interview. It was originally
developed for use with informal caregivers of community dwelling PWD, but
since its development over 30 years ago, has subsequently been administered to
a broad range of patient-carer populations (Akpan-ldiok & Anarado, 2014;
Tang et a., 2017), forma and informal carers (Nakanishi et al., 2017) and
trandated into many languages (Goncalves-Pereira & Zarit, 2014; Taub,
Andreoli, & Bertolucci, 2004). Despite thisfact, the Zarit Burden Interview has
ademonstrated good internal consistency, aswell ashigh validity and reliability
across numerous divergent populations (Bachner & O’ Rourke, 2007). Some
have criticised purely quantitative measures of carer burden for faling to
capture relevant contextual issues (such as culture) that are related to caregiving
outcomes, and subsequently these measures are inadequate for expressing the
breadth of carer burden (Bastawrous, 2013). Nevertheless, the Zarit Burden
interview has a proven track record, high internal consistency and validity, and

awide-ranging application.
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Pearlin, Mullan, Semple, and Skaff (1990) argued that much of the research into
carer burden lacked atheoretical framework, and proposed a multi-dimensional
model of caregiver burden based upon previous research that would allow the
direct relationships between constructs of interests and outcomes to be
modelled, as well as the indirect effects between intervening constructs. They
proposed a model that would be incorporated literature from both the geriatric
and paediatric literature in order to provide a more comprehensive picture of
caregiver burden than would otherwise be provided by any overly specific
model. The model proposed by Pearlin et al. (1990), was aso designed to be
generalizable to formal, as well asinformal caregivers, and thus provides on of

the most inclusive models of carer burden to date.

Figure 2.4 (below) elucidates the main factors affecting carer burden and well-
being, and highlights some of the potential outcomes of high levels of carer
burden. Whilst this model has been atered by Shah et al. (2010) since its
original formulation, the general picture remains the same; the arrows in Figure
2.4 denote not only associations between constructs, but causal relationships
observed by clear evidence in the literature. As in Figure 2.4, Pearlin et al.
(1990) propose five factors which have been shown affect the physical and
mental health of care givers, and are likely to affect support outcomes, such as
the breakdown of homecare and subsequent institutionalisation of the person

with care and support needs.

Background and context
e.g. culture, socio-economic status, family network, personal history

.
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Figure 2.4 Pearlin's stress-process model of stressin carers

Adapted from (Pearlin et al., 1990) in (Shah et al., 2010).
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Difficult to manage behaviours, such as wandering, aggression and wandering
have been shown to increase carer burden for those carers of mobile PWD
(Miyamoto, Ito, Otsuka, & Kurita, 2002). This finding has also been supported
by other research which confirms behavioural disturbances as a significant
predictor of carer burden (Allegri et al., 2006).

Often, when attempting to manage wandering behaviours, informal carers
describe using severa potentially inappropriate coping strategies to mitigate
these behaviours. In an interview study investigating the perception of
wandering from the perspectives of familial carers, Dodds (1994) identified
severa such strategies, including; physical restraints, acohol, aggression and
lying in order to prevent incidents of wandering. Some have suggested that the
use of dysfunctional strategies such as these are associated with high levels of
carer anxiety (C. Cooper, Katona, Orrell, & Livingston, 2006), though the
authors caution that their results do not clarify the direction of causality. Thus,
it cannot be concluded if anxiety causes inappropriate coping strategies or vice
versa. When dealing with incidents of wandering in PWD, Dodds (1994) notes
that, “While caregiverswere willing to contact neighbours when their loved one
became lost, they were reluctant to call the police’ (Dodds, 1994, p. 754). As
this research occurred over 20 years ago, the thesiswill explore whether people
are still reluctant to call the police, or whether attitudes have changed in the

intervening years.

Ultimately, behavioural disturbances and carer burden both contribute
significantly to the likelihood of institutionalisation of PWD (Eskaet a., 2013),
therefore it is imperative that strategies are in place that allow carers to deal
with difficult to manage behaviours, thus reducing burden and consequently
institutionalisation; improving quality of life and reducing public spending.

2.4.6 The Potential of Transformative Technologies

Technology is becoming increasingly ubiquitous in society, and the rapid
development of assistive technologies present aradical alternative to the future
of healthcare and risk management. These developing technologies afford new
possibilities in the monitoring, delivery and efficiency of healthcare systems

and have been theresult of various movements, such asthe exponential increase
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in computing power, an urgent need to address the rising burden of chronic
illness resulting from increased life expectancy and the paradigm of patient-
centric healthcare (Bhavnani, Narula, & Sengupta, 2016). “Digital Health”,
often involves the development of various connected health systems, smart
devices and computational techniques to achieve positive health outcomes and
improve overall wellbeing. The American FDA state that digital health has the
potential to reduce inefficiencies, improve access, reduce costs, increase quality
and make medicine more personalised for patients (FDA). Many Digital Health
systems involve self-monitoring, often through wearable or portable devices.
Harrington et al. (2015), suggest one such use of digital health and wellbeing
systems in monitoring the wellbeing of people living with dementia and their
carers, using digitised versions of well-established measures (such as the Zarit
Burden Interview) allowing assessments to occur in the comfort of their home;

reducing the time costs and personal discomfort associated with assessment.

It is hoped that by recording and reporting information about behaviours and
physiological measurements devices can educate and motivate individuals
towards better habits and positive behavioura changes. Y et, whilst the use of
connected digital health devices and applications is becoming increasingly
popular, there is little evidence to suggest that the monitoring and recording of
patients results in the behavioural changes required to improve overal public
health (Patel, Asch, & Volpp, 2015).

Currently, technological solutions to either a person becoming missing or to
assist in finding them have already been developed and in a few cases even
implemented by local police departments (for example Sussex Police
department), charitable organisations (such as St Banados) and private
companies (for a summary see http://www.a zheimers.net/8-8-14-location-
devices-dementia). The forerunner for these technologies is GNSS capable
devices which whilst certainly effective, remain controversial (McShane, 2013;
O’Neill, 2013).

A possible solution to reducing the amount of vulnerable adults going missing
iIsthe use of electronic tagging technology. Thissystem usually involves placing
adevice such as abracelet around a person’ s wrist containing some short-range
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indoor tracking technology and placing severa sensorsthroughout the residence
to detect movement between zones. This has the potential to aert carers when
the person they care for has moved beyond some designated point but does not
allow for tracking outside of these set locations. Miskelly developed one such
system for preventing dementia wandering and reports high reliability and
compliance (Miskelly, 2004). Other systems have used tagging devices such as
these to identify those who are at high risk of wandering (Kearns & Fozard,
2008; Kim, Hassan, Na, & Huh, 2009).

Tracking devices differ from generic tagging systems in that they have the
ability to locate a person outside predefined areas. They are therefore the most
useful tool to find people who have absconded from a domestic environment.
The ability of technological tracking devices to assist in the search for
vulnerable adults who go missing has been demonstrated since the turn of the

century (Shimizu, Kawamura, & Y amamoto, 2000).

White et al, conducted a series of interviews with familial carers and concluded
that tracking devices were found to be preferable to locked doors or carer
supervision as a means for allowing people to maintain a certain level of
independence where the risk of elopement is low (White, Montgomery, &
McShane, 2010). Whilst some studies into the acceptability into tracking
devices have shown that tracking is preferable to locked doors, no studies have
directly reported the views of those living with dementia (O’ Neill, 2013).
Further, whilst this technology is available, little has been researched into the
typical end-users needs in this context or into any intervention designed to
control absconding behaviours outside of an ingtitutional setting (Hermans,
Htay, & Cooley, 2007; Robinson et al., 2006). It is reported that whilst tracking
methods have demonstrated usefulness in uncontrolled trials, more studies are
needed to validate its effectiveness (O'Nell, Freeman, & Portland, 2011). A

further exposition of technological interventions will be discussed in chapter 5.

More recently, comprehensive testing of location technology designed to help
people when they become lost has taken place. For instance, Bulat et al. (2016)
examined seven commercially availabletracking devices (3 radio frequency and
4 based on GPS). They ran a series of trails which were based on simulated
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missing person incidents and measured time to discovery, and degree of
deviation from a straight intercept course. They discovered that whilst radio
frequency methods performed reasonably well at close proximity, GPS devices
performed well a any range. They also noted that the ranges which radio
frequency device manufacturers claimed were not attainable in the particular
location settings in which the trails were run and that the use of radio frequency
location devices required aimless walking before a signal was found.
Conversdly, they note that the GPS devices typically worked very well and
provided highly accurate location tracking, which resulted in efficiency twice

as great as the radio frequency devices.

In a longitudinal study, Milne et a. (2014) aso conducted a study which
examined the acceptability, effectiveness and cost-effectiveness of location
technologies to assist with missing people with the intention of collecting
information pertaining to broader outcome measures relating to the use of
location technologies (such as quality of life assessments, diary studies,
resource use, anxiety and depression). Unfortunately, they note numerous
difficulties which made the quantitative outcome measures difficult to appraise,
thus highlighting serious challenges for any randomised control trial wishing to
investigate real-world outcome measures. These difficulties included an
enthusiasm for location-based technologies from the socia care staff, which
suggests that some would be unwilling to randomise people to a control group.
They asoindicate that substantial variability existed in the time spent searching
for care recipients, but “time spent searching” was difficult for carers to
operationalise. However, more recently, a separate study has also investigated
the acceptability of GPS devices using a mixed methods approach (L. Liu,
Miguel Cruz, Ruptash, Barnard, & Juzwishin, 2017). In their study, forty-five
client-caregiver dyads were issued GPS devices for an overage of 5.8 months
over al year period. Their approach utilised focus groups, questionnaires and
observed behaviours. According to their research, the acceptability of GPS
tracking devices among clients and caregivers was surprisingly high and that
performance expectancy (perceptions of usefulness) was the ley determinate in
the acceptability of the technology. However, these findings contrast with the
work of Megges et a. (2017) who also used client-carer dyadsin alongitudinal
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evaluation of GPS technologies. They discovered that usability ratings
significantly decreased after around four weeks of testing. They also discovered
that ratings of self-efficacy were negatively correlated with the willingness to
purchase the prototype, which may indicate that individuals who perceive
themselves as having a greater degree of autonomy may be less likely to
purchase these devices. It is aso mentioned from their research despite
reasonably fair ratings by participants, the device was used infrequently, which
they suggest may be an artefact of inadequate training.

L ocation-based technologies for missing people have been in development for
around two-decades, but work which documents the real-world outcomes of
using such devicesis sparse (Megges et a., 2017) and results often conflicting.
Whilst these technol ogies appear to have gained acceptability amongst carers,
the real-world impact of technologies over a longer period is not fully
understood. The deployment of new digital alternative systemsis not adways a
unanimous good. Beynon-Davies (1995) cites the rollout of the London
Ambulance Service Computer Aided Dispatch System (LASCAD) as one
example of critical system failure, resulting in loss of life. In addition to asmall
error in the software, Beynon-Davies also highlights the overall carelessness
with which the system was developed and deployed, which failed to take into
account the system requirements, partial information and likely repeated calls
to the same incident. Subsequently, operators were unable to keep track of the
status of the ambulances in their system; sending multiple units to a single
location and none to others. The system generated such a vast number of
exception messages on the terminals of the dispatchers that it was not possible
to process further calls. System developers did not take into account the actual
working practices of emergency ambulance dispatchers (one such practice in
the paper system was stacking cards which were likely to be calls to the same
incident), and subsequently the new system was not fit for purpose, resulting in
an estimated 48 avoidable deaths (Beynon-Davies, 1995). The lesson here is
clear; system developers and those wishing to replace existing measures with
new, digital alternatives, must begin their design process from a thorough
understanding of task requirements, user-expectations and likely behaviours.

This thesis will take such an approach, by developing a series of design
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recommendations for new digital alternatives to existing systems which are
based upon a thorough understanding of how missing incidents unfold and the

likely behaviours, concerns, and expectations of future end-users.

25 FRAMEWORKS FOR UNDERSTANDING DECISION MAKING IN MISSING
INCIDENTS
Whilst there is some research into the perspectives of families of the missing,
(Parr, Stevenson, Fyfe, & Woolnough, 2015), research into the behaviours of
the missing (R. J. Koester & Stooksbury, 1995), and research into experienced
search and rescue teams (Plant & Stanton, 2016), little research has devoted
itself to analysing the behaviours and decisions of carers and guardians of the
missing during the critical 24 hour period following a noticed absence. Despite
this, various well-established research paradigms and research areas may help
to elucidate the decision-making and behaviours of guardians and carers

conducting missing person searches following a noticed absence.

2.5.1 Incident Analysis

Incident Analysis constitutes one of the main strands of human factors research
and is often used to identify the systemic antecedents of accidents or near
misses; for example, incident analysis techniques have been used to improve
overal system designin light of large-scale technological system failures, such
as Three Mile Island and Chernobyl (Meshkati, 1991). One of the most widely
used incident analysis techniquesis The Critical Incident Technique (Flanagan,
1954), which is a set of procedures for collecting observations about human
behaviour in order to solve practical problems and develop broad psychol ogical
principles. Flanagan suggests that the critical incident technique does not
consist of arigid set of procedures to be applied, but instead should be thought
of aflexible set of principles which should be adopted and modified to suit the
purposes of the current study. The technique relies on simple judgements made
by qualified observers which are evaluated based upon the aleged purpose of

the activity and research.

The Critica Incident Technique has been used in a wide variety of contexts.
Particularly pertinent to this thesis, the Critical Incident technique has been

modified to elicit indicators of high and low quality nursing care from patients
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and their nurses (1. J. Norman, Redfern, Tomalin, & Oliver, 1992). In a study
conducted by 1. J. Norman et a. (1992), the Critica Incident Technique was
adapted to fit adifferent set of presuppositions specific to the reports of patients
and nurses about quality of care. Thistechnique allowed for patients and nurses
to establish “meaning’ of critical happenings within incidents. The authors also
highlight that the use of arelational database allows for a‘personal theory’ of
quality of care to be identified for each respondent. Thus, it is suggested that
the critical incident technique allows respondents own personal stories and
unique perspectives to be capitalised upon and avoids the loss of information
that may occur when highly complex and specific narratives are reduced to

descriptive categories.

Another common technique used for understanding complex systems is the
Accimap, developed by (Rasmussen, 1997). The Accimap looks specifically at
accidents; a sub-category of incidents in which a singular cause or multiple
causes all contributed to dangerous and/or undesirable system behaviour. The
Accimap technique is an approach which seeks to understand the confluence of
forces resulting in undesirable system behaviour at various ‘levels’, from the
immediate physical and behavioural causes, to the manageria and legal
frameworks that the task is embedded within. Historically, legidlative
frameworks, system design and human behaviours are each studied separately
by specific academic disciplines, but the Accimap seeks to unify the analysis of
system behaviours by identifying the interplay between various ‘levels of
understanding.

2.5.2 Human Factors Research in Search and Rescue

Much of the related Human Factors research in this area is focused upon
professional search and rescue teams, with a substantial portion of that research
devoted to facilitating the development of robotics and drones appropriate for
use in Search and Rescue tasks (Julie A. Adams et a., 2007; Burke, Murphy,
Coovert, & Riddle, 2004; Gabrecht, 2016; Nourbakhsh et al., 2005; Schlenoff
& Messinag, 2005). In addition, there is a considerable amount of literature
which focuses on search and rescue tasks in emergency situations such as
collapsed buildings (e.g. (Hew & Sunshine, 2002) rather than missing incidents

per se.
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Adams et a conducted a series of cognitive task analyses with Wilderness
Search and Rescue Teams (Julie A. Adams et al., 2007; Julie A Adams et al.,
2009). They integrated various sources of information including expert
interviews and operational manualsin order to form the basis of a goal-directed
task analysis and a work domain analysis. This work demonstrates the
usefulness of cognitive task analysis techniques for deconstructing the search
and rescue task, in particular, cognitive task analysis has been shown to be
beneficia in identifying key informational requirements. Despite the extensive
nature of the study, the study only analyses the activity of Search and Rescue
teams and does not consider the wider context in which the activity occurs, such

as the perspectives of other stakeholders, including the families of the missing.

Human Factors work into urban search and rescue tasks typically focuses on the
interaction between robotic agents or tools and their human operators. Robots
are often to assist emergency teams find survivors in collapsed buildings as the
buildings are often unsafe for humans. Search and Rescue robots are often aso
able to navigate through areas that humans would not be able to, owing to their
smaller size. Burke et a. (2004) conducted a communication analysis on data
gathered during a 16 hour high fidelity urban search and rescue disaster
response drill with remotely operated robots. The findings indicate that
operators spent the majority of their time gathering information, both about the
state of the environment and the state of the robot and relatively little time
navigating the robot. The study also suggests that operators have difficulty
integrating the robot’s view into their own mental model of the situation, but
compensate for this by communicating with other team memberson sitein order

to increase their situation awareness.

2.5.3 Laboratory Experiments in Visual Search Tasks

Perhaps the largest area of research focusing on search behaviour is visual
search, which has been developed from a perspective influenced heavily by
cognitive psychology (Neisser, 1964). Visua search experiments are typically
involve participants attempting to find a target item amongst a complex array
of distractor itemsin a controlled environment (Wolfe, 1994). In these types of
experiments, two methods are commonly used; the present-correct method and

the reaction-time method. In regards to the former, participants are briefly
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presented with an array of items for a set time (known as an inter-stimulus
interval) followed by amask. The participant is then asked whether thetarget is
present or absent from the stimulus array and the target-absent response and
percent correct is measured as afunction of the inter-stimulusinterval. If atask
can be performed with high accuracy under these conditions even with very
short inter-stimulus intervals, it is taken to mean that these items have been
processed in paralel. Conversely, if larger stimulus arrays require higher inter-
stimulusintervals, it is assumed that a process with limited capacity is required
for the search task (Bergen & Julesz, 1983). The second type of visual search
experiment methodology typically employed uses neither a mask nor an inter-
stimulus interval, instead, participants are presented with stimulus array and
asked whether the target item is present or absent and their response time is
recorded. In this caseg, if reaction timeisindependent of the size of the stimulus
array, the process is considered to be in paralle (Humphreys, Quinlan, &
Riddoch, 1989).

Wolfe (1994), suggests that visual search occurs by a process he calls Guided
Search 2.0 (GS2). The GS2 model assumes that input and initial processing of
stimuli are carried out in parallel across the entire visual field and independent
representations are generated for alimited set of basic features (such as colour,
orientation, shape, etc.); he calls these representations, feature maps. The GS2
model proposes an interplay between “Bottom-Up” and “Top-Down”
activation. Where the former is a measure of how unusual a particular itemis
compared to neighbouring stimulus, it does not depend upon any preconceived
knowledge of what one is looking for, but merely embodies the principles of
similarity and difference between an item and its neighbours; as the similarity
increases between distractor and target items, * Bottom-Up’ activation decreases
(Duncan & Humphreys, 1989). Bottom-Up activation istherefore not sufficient
to guide attention if the featural properties of a target item are not distinct
compared to their neighbours. Conversely, Top-Down activation, is goal-
driven, subsequently, beliefs, cognitions and expectations arelikely to affect the
recognition process. Wolfe (1994) describes the how Bottom-Up and Top-
Down processes interact in order to direct attention. The ability to perform

visual search tasks therefore, depends upon sufficient difference for bottom-up
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processes to distinguish atarget item from its neighbour, as well as the correct
expectation about what the target should ook like to direct top-down processes.
In the context of missing incidents, this suggests that correct expectations about
what the missing person is wearing will help Top-Down processes direct
attention to the appropriate aspects of their visua field, whilst Bottom-Up
processes will be improved if the missing person is wearing clothes that arein

contrast to their environment.

Kisset a. (2007), highlight additional factors can affect visual search, pertinent
to this thesis, they point to numerous studies which demonstrate how the
emotional salience of stimuli affects sensory processing (Lang et al., 1998), the
allocation of attention (Eastwood, Smilek, & Merikle, 2001) and decision-
making (Cacioppo & Gardner, 1999). Kiss et al. (2007), go further and show
that this relationship is bi-directional; not only can the emotional salience of
stimuli impact the visual search task, but the attentional processes can also
impact emotional evaluation. Faces that served as distractors in a visua
detection tasks were likely to be rated as less trustworthy than target faces,

further demonstrating the interplay between emotion an

Experiments from visual search experiments shed light on an important aspect
of search behaviour, and demonstrate the relationship between fundamental
neurological processes and higher order cognitive expectations. Evidence from
such experiments also shows the role that emotion playsin the visual aspect of
search. However, whilst profoundly relevant to missing incidents, they
highlight only a very small aspect of the overall task. In addition, visua search
experiments take place in extremely controlled and artificial environments that
lack the context of missing person search and hence, they have alow ecol ogical
validity.

2.5.4 Wayfinding, Navigation and Orientation

Navigation is often described as goal-directed movement through the
environment which consists of two distinct aspects; Wayfinding and
Locomoation (Freundshuh, 2001; Montello & Sas, 2006; Verschure, Pennartz, &
Pezzulo, 2014). Whilst definitions of Wayfinding and Navigation vary
somewhat in the literature, Darken and Peterson (2001) describe *Wayfinding’
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as the cognitive element of navigation; distinct from movement, it relies upon
the development and use of a cognitive map, mental map, or mental model of
the environment. Locomotion (or simply, motion) is the real-time aspect of
navigation in which an individual traversesthrough space, maintaining balance,
avoiding obstacles and barriers and moving towards an intended location.
Golledge (1999) offers a similar description, referring to wayfinding as
selecting paths from a network and navigation as both a cognitive and spatial
process. Navigation as therefore the aggregation of wayfinding and locomotion,

and thus both cognitive and motoric.

A necessary requirement of wayfinding also requires that travellers are aware
of their own location relative to their destination, as well as to other salient
places or objects en route to their location. Thisknowledgeis called Orientation
(Montello & Sas, 2006). A full knowledge of one’ s location with respect to the
Earth’s surface (Geographic Orientation) is not required to complete most
navigation tasks, it suffices that travellers merely know enough about their
current position relative to their target destination. Disorientation may occur
frequently during a navigation task, particularly in individuals that have a poor
sense of direction (Kozlowski & Bryant, 1977). Orientation is knowledge which
is updated in real-time during a navigation task, either via landmark-based or
dead-reckoning processes. Landmark-based orientation involves the presence
of salient environmental features known to the traveller, whereas dead-
reckoning involves estimating the velocity, duration and acceleration of travel.
Dead-reckoning methods are limited, however, as they depend upon a full
orientation of a previously located place with respect to the current position,
and any errorsincurred by dead-reckoning processes are compounded over time
(Montello & Sas, 2006).

Spatial knowledge is required for wayfinding tasks, though there is still debate
about how exactly spatia knowledge is represented. Following on from a
seminal paper investigating the navigational strategies employed by rats,
Tolman describes the idea of ‘cognitive maps, which are menta
representations of spatial information (Tolmon, 1948). Golledge describes
cognitive maps as implying “deliberate and motivated encoding of

environmental information so that it can be used to determine where oneis at
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any moment, where specific encoded objects are in the surrounding place, how
to get from one place to another, or how to communicate spatial knowledge to
others’ (p15 (Golledge, 1999)

Perhaps the most supported model of spatial knowledge representation is the
Landmark Route Survey (LRS). It not only describes the various levels of
representation of spatial knowledge, but also how spatial knowledge devel ops.
Siegel & White (1975) theorise that spatial knowledge is often fragmented,
incomplete and may at times be inconsistent. The LRS model suggests that
spatia representations are often a series of multiple, sometimes contradictory
‘mini-gpatial representations . According to this model, landmarks serve as
associative cues (Waller & Lippa, 2007); stimuli that facilitate the recall of
appropriate directional responses, but also function as anchor points for
organising other spatial information (Golledge, 1999). Waller and Lippa(2007),
also lend support for a variation of this theory, and also note the importance of
landmarks as ‘beacons’; waypoints which indicate progression towards a
navigation goa. Landmarks are more likely to be remembered if they have a
dominant physical form, are peculiar in some way, or have associated cultura
significance (Appleyard, 1970). Therefore, the performance of wayfinding tasks
can be improved by providing or enhancing the salience of the visua details of
specific locations in the environment (Thorndyke & Goldin, 1983; Thorndyke
& Hayes-Roth, 1982). Landmark knowledge is often seen as the appropriate
conceptual relationships between certain known stimuli and required action, but
these cues are often static, orientation dependent and disconnected (Darken &
Peterson 2001).

Familiarity with a navigation task can facilitate the acquisition of route
knowledge; knowledge of paths between landmarks. At this level of
representation, travellers can navigate between two or more landmarks, though
this navigation may not be optimal. For example, travellers may know how to
get from A to B and from A to C, but have no knowledge of how to get from A
to C. Route knowledge can facilitate the exchange of spatial information and
allows common frames of reference to be established (Golledge, 1999). It is
suggested that this type of knowledge is organised in the form of a hierarchy of

networks, connecting various locations (Golledge, 1999).
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At the highest level of representation, survey knowledge (also called
configurational knowledge) develops, this involves the ability to estimate
relative or absolute distances and directions between two locations, even in
unfamiliar routes. Configurations often consist of a hierarchy of locations and
routes and the spatial distributions between them. Survey knowledge is often
presumed to be the highest level of spatial understanding (Hart & Moore, 1973)
and is said to constitute much more formal knowledge of spatial relations,
including an understanding of Euclidean distances (Golledge, 1999). Taken
together, these aspects represent the total spatial knowledge structure, or
cognitive map. However, this hierarchy has been challenged by other research,
which suggests that even once survey knowledge is acquired, psychological
distance in cognitive maps is primarily dependent upon route distance, rather
than Euclidian distance (McNamara, Ratcliff, & McKoon, 1984).

Anoveral model of navigation isillusive, with some models being too specific
to certain environments (hence, not easily generalizable) and others failing to
capture the salient aspects of navigational tasks (Darken & Peterson 2001). One
model that may be useful in considering how peopl e engage in missing incidents
istaken from Jul (1997); Figure 2.5. This model proposes that navigation tasks
consist of a hierarchy decisions and integrates goal formation, strategy
selection, cognitive maps and other navigation elements into a unified theory.
To fit this model to behaviour during missing incidents, goal formation in this
case should be considered which places carers choose to search, rather than
what to search for more generally. This model also suggests that there is a
reciprocal relationship between wayfinding and locomotion. Goal formation
informs strategy selection and together with information from the environment
and the travellers cognitive map decisions about locomotion are decided and
acted upon. Assessment of the current situation may result in adifferent strategy

being employed, or even a different location being decided upon.

50



What should I find?

I give up. Look for

= 9
something else. How should [ find it

/- - Strategy Selection \
7y
/ S
;’ / il
/ \* This isn’t workin
S I 2.
] Look around \ Try something else.

Perception

Assessment

Motion

Walk down the hall. Cognitive Map Am I making any progress:
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Figure 2.5 A Model of Navigation

Adapted from (Jul, 1997) in (Darken & Peterson 2001)

An obvious limitation of applying this navigation model to missing incidents
however, isthat it is devoid of the specific context in which missing incidents
occur and thus does not adequately capture the salient features which
differentiate navigation tasks from missing incidents. In particular, the model
does not describe the basis on which these assessments are made in relation to
the overall goal, nor does it account for decision-making biases or the high-
levels of stress that can be encountered if atraveller becomes disoriented or is
otherwise experiencing high levels of emotional arousal. Nevertheless, the
relevance to caregiver behaviour during missing incidentsis clear and helps to
frame the understanding of missing incidents within awider, better researched

academic context.

2.5.5 Optimal Foraging Behaviour

Related to investigations into Wayfinding and Navigation is the research into
animal foraging behaviour. According to Kalff, Hills, and Wiener (2010),
foraging describes behaviours as diverse as* Picking bananas from bananatrees,
searching for nebulas in the night sky and hunting for tuna in the open ocean”
(p 168). Missing Incidents are tasks which are very closely analogous to
“foraging”, they both involve the allocation of time and resources in order to
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find a specific object in time and space. The modern scientific understanding to
foraging behavioursis largely attributed to two papers, MacArthur and Pianka
(1966) and Emlen (1966). The first of these such papers (MacArthur & Pianka,
1966), attempts to model “optimum theories’ of foraging; that is, the allocation
of time and resources in such a way to maximise food gathering whilst
minimising energy and time expenditure. Whilst the second (Emlen, 1966),
derives a series of predictions about animal behaviour from elementary
mathematical assumptions about similar optimal strategies.

According to Kalff et al. (2010) area-restricted search (ARS), isone of the most
well-studied behavioural patterns in foraging. ARS patterns involve high
turning angles following resource encounters, but lower turning anglesin their
absence. ARS is considered to be an optimally adaptive response when
resources are clustered (patched environments) and typically localises animals
to where resources are more densely clustered. In addition, this strategy has a
minimal informational requirement, depending only that the forager changes
their behaviour on encountering a resource. The efficiency and simplicity of
ARS hasled someto proposethat this strategy may have provided the biological
building blocks for the subsequent evolution of attention (Hills, Todd, &
Goldstone, 2008).

ARS suggests that foragers use temporal cues to determine when to leave
designated ‘patches of the entire search area. According to predictions made
by ARS, foragerswill spent more time in resource-rich or dense patches, whilst
devoting less time to sparse patches. If a certain temporal threshold passes
without encounter, foragers will leave the patch (fewer, shallower turns),
whereas encounter with aresource target will increase the total patch residency
time incrementally.

Whilst it could be argued that research into the evolutionary foraging
behaviours of human and non-human animals has little relevance to missing
person search, many of the foraging strategies predicted by MacArthur and
Pianka (1966) and Emlen (1966) have been observed in areas as divergent as
information foraging on theinternet (Pirolli & Card, 1999), consumer behaviour
(Donald A. Hantula, Diane DiClemente Brockman, & Smith, 2008) and even
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the ways in which humans navigate through their own memories (Hills, 2011).
Thesefindings suggest that the control of attention and the control of movement
may share a similar evolutionarily optimal control structure. Which lends
support to the idea that there may be common ‘foraging’ strategies, as avestige
of our evolutionary baggage. These strategies (or foraging heuristics) may have
been beneficial overall, but may in certain specific circumstances manifest
themselves as maladaptive behaviours. It may perhaps be the case that people
are prone to stochastic movement patterns when looking for a missing person,

but following more prescriptive methods would be more effective.

2.5.6 Prescriptive Search and Rescue Research

Search Theory which was originally developed by the United States military in
order to efficiently search for enemy submarines (Koopman). Search Theory
attempts to derive proscriptive rules about optimal search strategies, as opposed
to describing how humans actually behave during these tasks. Research of this
nature involves mathematical modelling of abstract agents searching in spaceto
find a target, where each search agent is considered to have a probability of
detection over a certain range, or in the words of Benkoski, Monticino, and
Weisinger (1991), Search Theory is “any mathematical framework involving
the search for lost or hidden objects’ (p469). Search Theory relies upon various
probabilistic models which relate both to distribution and detection probabilities
in order to inform optimal search strategies. For example, given a certain
probability of detection (that is, the probability of an agent or ‘ detector’ to detect
atarget object in given conditions) the optimal “sweep width estimation” (the
distance between two separate search agents or separate passes) can be obtai ned.
Through the use of this modelling technique, various methods for efficiently
searching have been developed (Lin, Roscheck, Goodrich, & Morse, 2010;
Perkins, 2013; Perkins et a., 2011a) and are often used as the basis for search
and rescue operational manuals (D. Cooper, C. et a., 2008). However, these
models are entirely prescriptive and do not describe how search and rescue
operations are actually conducted as they do not account for human psychol ogy,
geographical restrictions and contextua clues which may inform the search
parameters. Whilst Search Theory can help to inform search strategy; in
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describing how ideal searches should be conducted, it does little to elucidate

how searches are conducted.

2.5.7 Decision-Making

Research into decision-making has a variety of wide-ranging applications.
Particularly pertinent to the work in this PhD is an understanding of how people
make decisions under pressure or in time-critical situations. In aseminal paper,
Klein (1993) proposed the theory of Recognition Primed Decision-Making
(RPD) in order to understand the decision-making capabilities of experts. Klein
cals his general approach, “Naturalistic Decision Making”, (Salas & Klein,
2001; Zsambok & Klein, 1997), which can be broadly characterised asthe study
of experts making decisions in their full context, rather than in an artificial
laboratory environment. Klein describes how he came to study the rapid
responses of firefighters and their ability to make rapid and effective decisions
in complex environments (G.A. Klein, Caderwood, Clinton-Cirocco, &
Laboratory, 1988) which he used to inform his RPD model.

Klein postulates that in time-critical situations, experts do not often have time
to deliberate between numerous possible courses of action. Instead, when an
expert is confronted with a situation, they rely on their experience and access
their memory of similar situations in order to decide on an appropriate course
of action. Rather than trying to arrive at optimal solutions, experts, he argues,

use cuesto arrive at merely satisficing courses of action.

The RPD asserts that expert practitioners will attempt to find examples from
their memory which bear resemblance to the current situation in the hopes of
choosing a suitable course of action. They will then use mental simulation to
evaluate whether the course of action is satisfactory, amending and revising
their plans if necessary (Figure 2.6). Klein suggests that the RPD allows for
rapid and effectual decision-making in situations where conscious deliberation
would be too slow (G.A. Klein, 1993).

A similar suggestion has been made by Gigerenzer and Goldstein (1996), who
argue that humans make inferences about their environment under conditions
with limited time and knowledge and therefore do not always have unlimited

time, knowledge or resources at their disposal to make entirely ‘rational’
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decisions. Instead, they demonstrate that in many cases merely satisficing
solutions outperform multiple regression inferences in terms of speed and
accuracy in a computer simulation. This is taken to show that cognitive
mechanisms capable of successful performance need not be derived from an

exhaustive consideration of all possible options.

If Klein is correct, however this rapid and intuitive method of decision-making
would only be available to those with previous experience of multiple different
scenarios (i.e. experts) as such, thistheory of decision-making is not applicable

to novices.
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Kahneman has notoriously challenged the assumptions of the alleged authority
of experts, and in particular, the approach taken by Klein (Kahneman & Klein,
2009). Kahneman and his late academic partner Tversky are sceptical about
intuitive decision-making and point to numerous cognitive errors and biasesin
decision-making that can occur even in the most experienced practitioner (D.
Kahneman & A. Tversky, 1979). However, both Klein and Kahneman insist
this is merely a disagreement in approach and not a disagreement on
fundamentals per se (Kahneman & Klein, 2009; G. Klein, 2014).

Kahneman outlines a theory on decision-making distinctly different from
Klein's, he describestwo ‘fictional personas’ in the brain which are responsible
for decision-making, he calls these System 1 and System 2 (Kahneman, 2011).
System 1, he argues is fast, automatic, instinctual and subconscious, it often
relies on stereotypes and emotional reasoning. System 2, on the other hand, is
slow, effortful, logical and deliberate. Kahneman suggests that whilst system 2
is often more accurate dueto itslogical nature, rapid judgementsin time-critica
incidents do not often permit lengthy deliberation. Further to this, he notes that
due to the effortful required for conscious and logical reasoning, system 2 is
active in problem-solving far less frequently. Therefore, he insists, system 1,
which depends upon biases and heuristics and is prone to error, is far more
frequently employed than system 2. Whilst there are obvious differencesin the
approaches laid out by Kahneman and Klein, it isinteresting to note that Klein
too believes that rapid decisions depend upon automatic and instinctual
responses as opposed to conscious deliberation (G.A. Klein, 1993).

Kahneman and Tversky suggest that forecasts and predictions are often likely
to be wrong, owing to the fact that people often overestimate the probability of
particularly salient events, whilst underestimating much more mundane
outcomes (Kahneman & Tversky, 1973), this bias, known as the availability
heuristic is thought to be pervasive in judgement and decision-making. In a
series of studies, Kahneman and Tversky demonstrated that the cognitive
availability (the ease at which certain relevant instances come to mind) of a
particular item is used as a heuristic to determine its likelihood. For example,
when participants are asked to estimate the if they thought the letter “k”
appeared more as the first or third letter of a word, they (incorrectly) guessed
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that “k” appeared more asthefirst letter in aword due to the cognitive difficulty
of recalling words where the target letter is third in the word (Tversky &
Kahneman, 1973). The availability heuristic, they argue, leads to systematic
biases and illusory correl ations between unrelated phenomena.

Other similar biases identified by Kahneman and Tversky include the
representativeness heuristic and a failure to consider the base rate; the average
frequency at which an event is likely to occur (Tversky & Kahneman, 1973).
The representative heuristic is usualy employed when people are asked if one
object or event belongs to a particular class or process. However, rather than
using prescriptive rules and analytical reasoning to determine whether this is
the case, people make their judgements often by considering mere superficial

similarity or rely on stereotypes.

Additional research also illustrates that people avoid losses much more than
they seek gains, at around twice the rate. ‘Loss aversion’, demonstrates that
people are not always strictly judicious when evaluating gains and losses. They
do not view forgone gains in the same manner as losses (Thaler, Tversky,
Kahneman, & Schwartz, 1997). Such examples call into question the rational
nature of decision theories outlined by Klein, and more fundamentally,
challenge the idea that decisions are made by fully-informed, self-interested
rational agents trying to maximise a certain utility function (Daniel Kahneman
& Amos Tversky, 1979).

Related to loss aversion is the notion of sunk-costs, it describes the tendency to
persist in unfruitful courses of action on the basis that alarge prior investment
(time, money or effort) has aready been made (Arkes & Blumer, 1985; Daniel
Kahneman & Amos Tversky, 1979). This psychological tendency is fallacious
because decisions should be evaluated solely on the benefits and costs moving
forward, previous investment has no bearing on whether continued investment
Is prudent. This might manifest itself during missing person incidents if carers
continue to follow a course of action long after it becomes clear that it is no

longer fruitful.

Another cognitive bias likely to affect the outcome of missing incidents is the
well-travelled road effect. It describes the tendency of travellers to
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underestimate the length of time of traversing a familiar route whilst
overestimating unfamiliar routes (Allan, 1979; Jackson & Jucker, 1982).
Potentially, this could lead to sub-optimal searching and errors in the

prioritisation of likely search areas.

Acute stress has been shown to significantly detriment decision-making
abilities. In an experiment conducted by Wemm and Woulfert (2017),
participants were randomly assigned to one of two conditions; stress or control.
In the stressor condition, participants were subjected to the Trier Social Stress
Test, in order to induce stress and anxiety. Both groups were then presented
with an lowa Gambling Task; where the objective is to maximise winnings in
an artificial gambling task. Participants are given a hundred choices and asked
to choose between four decks of cards, some decks have higher associated costs,
but greater rewards, and in each deck. The probabilistic nature of the lowa
gambling task makesit difficult for participants to make fully informed choices,
and as such it has been used in many experiments|ooking into decision-making.
In the study conducted by Wemm and Wulfert (2017), the presence of astressor
has been shown to substantially reduce performance in the lowa Gambling
Task. The authors theorise that stress may generally result in afailure to attend
to the full range of possible consequences of a decision, thus reducing task
performance. In a similar study, van den Bos, Harteveld, and Stoop (2009)
demonstrated that participants subjected to a stress condition typically
experienced higher levels of cortisol and that the production of cortisol affected
performance in the lowa Gambling Task. Interestingly, they also observed a
different relationship between cortisol and performance between men and
women, with men’s performance declining as cortisol increases. Contrastingly,
female participants the slight increases in cortisol levels actually increased task
performance. Whilst there is an observed relationship between stress and
decision-making abilities, the study conducted by van den Bos et al. (2009)
suggests that there may be sex differences in the way that people respond to

stress.

Smith and Kida (1991) have argued that the typical experimental setup in which
certain heuristics and cognitive biases are tested are often very artificial and do

not adequately represent the context in which expert decision-making occurs,
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calling into question the generalisability and ecological validity of such studies.
Though the authors confirm that expert practitioners are not immune to
cognitive biases, they argue that many of these biases are mitigated or modified
in studies which used experts performing familiar tasks. The prevalence of
systematic biases resulting from a dependency on heuristics should not
necessarily be taken to suggest that heuristics are inherently ‘bad’ or that they
will more often than not result in sub-optimal performance. Heuristics can be
considered adaptive strategies which evolved in tandem with other fundamental
psychological mechanisms (Goldstein & Gigerenzer, 2002) and therefore must
have been selected for. The survivability of such mechanisms demonstrates that
heuristics must have been beneficial overall to the species, but it should not be
surprising that these generalisations may be sub-optimal in margina, or

otherwise scientifically contrived cases.

When people make decisions in highly emotional and time-critical incidents,
they employ avariety of heuristics, which are often prone to bias and systemic
errors. This could result in sub-optimal decision-making, which is likely to
affect the outcome of missing incidents, even amongst expert practitioners. Y et,
that is not to say that the dependency upon heuristics is fundamentally flawed,
or that better outcomes could be achieved if morestrictly ‘rational’ modelswere
employed. Gigerenzer and Gaissmaier (2011) point to the fact that the
conditions required for amore strictly rational bounded (or indeed Bayesian cf.
Savage, 1951) are ssimply not met in most real-world cases, making any attempts
at more formal ‘optimal’ reasoning strategies inappropriate for all but margina
cases. This may be because there is a high informational dependency of
formalised rules, and in ‘large-worlds very dlight initial informational
discrepancies may multiply in magnitude resulting in strategies far less optimal
than those given by heuristics. The consequence of these errors were observed
once the heuristics became more formalised and it was demonstrated that, in
many large-worlds, heuristics were more accurate than standard statistical
models which had the same (or more) information (Gigerenzer & Gaissmaier,
2011). It has been suggested that there is an inverse-U-shaped relationship
between the level of accuracy and amount of information available (Gigerenzer

& Gaissmaier, 2011). Thismay resultin “lessismore” effects, where additional
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information actually results in poorer and less optimal decision-making
(Gigerenzer & Goldstein, 1996). Whilst research into heuristic decision-making
istypically purely descriptive, (e.g. which heuristics do people use and when?)
‘less is more’ effects suggest that often, heuristics are better suited to many
cases of decision-making under uncertainty. This raises the normative question,
‘“When should people rely on heuristics rather than strategies to improve
decision-making outcomes? (Gigerenzer & Gaissmaier, 2011).

2.5.8 Workload

Workload is a human factors construct which is often thought of as the mental
effort, or the processing resources required for any given task, given that this
mental effort itself can be thought of as a finite resource (Wickens, 1979).
According to the original theories of Moray (1967) and Kahneman (1973)
workload is associated with a concept of undifferentiated capacity; there is a
general pool of processing resources available for al tasks and processing
resources are alocated to each task indiscriminately, based only upon the
demand of each respectivetask. Therefore, as the difficulty of demand of atask
increases, more resources are required to be alocated in order to maintain task
performance. Given there is considered to be a finite pool of processing
resources, the difference between the total pool of resources and task demand is
referred to as spare capacity. Performance is assumed to remain relatively
constant whilst there is spare capacity, but quickly declines once this capacity
begins to be exceeded; this rapid decline is referred to as the “precipice of
performance” (Wilson & Sharples, 2015, p. 518).

However, the idea that processing resources are finite and undifferentiated has
been famously challenged by Wickens (Wickens, 1979, 1991). Wickens gives
examples of efficient time-sharing (such as waking whilst talking) and
inefficient time-sharing (such as reading whilst talking) (Wickens, 1991), in
order to lend support to his idea that the processing resources proposed by
Kahneman are not undifferentiated. Instead, he argues that two tasks may
interfere if they are competing for common processing mechanisms or
structures, but tasksthat are not competing for common processing mechanisms
will have less interference. Thisis why it is relatively straight forward to talk

whilst walking, but not as easy to talk whilst reading. Over the past 60 years,
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the concept of ‘time-sharing’ has developed into a well-defined model of
“Multiple-Resources’” (Wickens, 2008) in which Wickens defines four separate
dimensions; stages of processing (perceptual and cognitive), codes of
processing (spatia and verbal/linguistic), modalities (auditory and visual) and
finally, visual channels (focal and ambient). Whilst Wickens suggests that tasks
requiring separate aspects of cognition will be less likely to interfere with each
other, he is eager to point out that this does not mean there will be no
interference between these tasks as they may both require access to certain
common structures. Wickens defends the rationale for defining these four
dimensions in two ways, firstly, he suggests that the model has
neurophysiological plausibility, and secondly, he aso suggests the dimensions
of the model coincide with relatively straight forward decisions which could be
made by a designer. One might be able to improve task performance or increase
the safety of a given system by designing it in such a way as to reduce
interference between tasks.

Researchers employ avariety of methods in order to estimate workload. Often,
when attempting to assess workload, researchers will conduct experiments
which require a participant to conduct a primary task of interest, whilst
simultaneously attempting a secondary task. As the demand of the primary task
increases, workload subsequently increases and performance on the secondary
task deteriorates. The deterioration of the secondary task is often taken to
indicate the demand of the primary task.

2.5.9 Situation Awareness

Situation awareness (or Situational awareness) describes the knowledge an
individual has about their environment, often with respect to a specific task or
series of tasks. Situation Awareness however, is far more than awareness of
numerous pieces of environmental data. According to Endsley, for an operator
to have situation awareness they must have an advanced level of situation
understanding and the ability to project the current system state to an unseen
future state in light of their pertinent goals (Mica R. Endsley, 1995). Thus,
Situation Awareness can be thought of as comprising as three main states, each

progressively enhancing the level of situational awareness.
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The first is perception (of elements in the environment). This describes an
operator's ability to attend to the goal-relevant information in their
environment. This could for example, be the ability to read dias, gauges and
other displaysrelated to altitude and other important datawhilst piloting aplane,
or the ability of an automotive driver to know where other vehicles and

obstacles are relative to their own.

The second level; comprehension (of the situation), is based on a synthesis of
(potentiadly) digointed level one elements. It not only involves perceiving
relevant informational elements in the environment, but understanding the
significance of those elements when taken collectively in light of current
operator goals. It may involve integrating various disparate pieces of partial or
incomplete information in order to construct a working mental-model of the
situation. For example, afire alarm may sound in an office, but an office worker
may have the additional knowledge that thereisafire alarm test due at that time
and conclude that this must mean the alarm is part of atest and not a real

incident.

The final level of situation awareness is projection (to a future system status).
Thisthird and highest level of situational awarenessis achieved not only though
the knowledge of current system status, but an understanding of the dynamics
of that system, and how the system elements interact and change over time.
Projection of thiskind allows for operators to make appropriate decisions based
upon future predicted states. A driver may for example, perform an emergency
stop if he sees aball in the road because he projects that this may mean a child

will soon follow.

According to Endsley, Situation Awareness is intrinsically linked to decision-
making (MicaR. Endsley, 1995). Firstly, situational awareness forms the basis
of decision-making; knowledge of important and job-pertinent system elements
are the primary basis on which decisions are evaluated (e.g. if an pilot wishes
to lower their landing wheels, they will have to ensure the landing wheels are
not already lowered and that it is safe to do so). But moreover, the manner of
characterising a problem will determine the process chosen to arrive a a

solution. In the absence of full system knowledge or an appropriate mental
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model of the system under consideration, people will very often fail to solve the

problem even if they have solved similar problemsin other contexts.

The relationship between task performance and situation awareness is not
entirely straight forward and not aways direct. Whilst there are numerous
studies linking situational awareness to task performance (Durso et a., 1998;
Ma & Kaber, 2007), there is not a one to one correspondence between
situational awareness and performancein all cases. Althoughit is suggested that
low Situation Awareness will result in poor performance, that does not entail
that high situation awareness is sufficient for good performance. In a study
investigating the relationship between situation awareness and task
performance for air-to-air combat pilots Endsley found that situational
awareness was significantly correlated with high performance, but only for
individuals who had the technical and operational capabilities to put such
knowledge to action. Those with lower technical capabilities could not utilise
their knowledge of the situation to their advantage (Mica R Endsley, 1990).
Conversdly, the same study suggests that poor situation awareness would not
necessarily lead to poor performance if subjects realised their lack of situation

awareness and modified their behaviour accordingly.

Situation Awareness depends upon, and is affected by many human cognitive
abilities, including attention, perception and memory. Attentional resources are
required in order to attend to pertinent system attributes, often many processes
will haveto be attended to in parallel for complex tasks. Asattentional resources
are limited, often, operators cannot actively attend to all system elements
simultaneously and may also depend upon long term memory to portion the
relative priorities of each system element and distribute their attention
accordingly. Fracker and Wickens (1989) discovered that experienced operators
typically focus their attention on environmental elements that were more likely
to contribute to task success. Wickens (2002) also suggests a multiple resource
model of attention, which identifies which types of information can be most
easily attended in parallel. Whilst the attentional resources of human beings are
often considered to be fixed, the capacity for attention can be expanded if

information is presented in such away to minimise task interference.
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Perception itself can aso influence an operator's situational awareness,
advanced knowledge about the expected characteristics of system attributes has
been shown to significantly increase the speed and accuracy of the perception
of information (Jones, 1977), this finding also bares resemblance to the
influence of ‘top-down’ processing within visual perception (Neisser, 1964).
Equally, it has been proposed that level 3 situation awareness depends heavily
upon working memory, asthe operator has to maintain the knowledge of present
conditions, the rules of interaction between system elements and the projected
future system states (Mica R. Endsley, 1995). System awareness not only
depends upon the necessary cognitive capacities of agents, but also the design
of systems which facilitate goal-relevant system elements to be perceived,
understood and projected to afuture state.

Situation awareness is often used to describe the knowledge an individual
operator has over his or her environment, but increasingly situation awareness
has been considered at the level of teams of agents rather than individua
operators. Two paradigms for understanding the situational awareness of teams
predominate the literature; shared situation awareness (M.R. Endsley, Bolte, &
Jones, 2003; Lipshitz et a., 2006) and distributed situation awareness (N. A.
Stanton et a., 2006). Approaches of shared situation awareness seek to
understand the informal cooperative strategies that operators develop in order
to foster a similar understanding across an entire distributed system. Effective
performance depends upon common knowledge of the current system state,
knowledge about other team mates and their goals as well as knowledge about
future activities and intentions, or ‘interpredicatablity’. This ‘shared situation
awareness may be thought of as ‘common ground’ (Gary Klein, Feltovich,
Bradshaw, & Woods, 2005) and is a coordinating influence, allowing teams to
allocate resources appropriately to meet both individua and team goals.
Conversdly, distributed situation awareness takes the view that in complex
systems individual agents may have their own situation awareness that may
diverge drasticaly from that of their teammates. N. A. Stanton et a. (2006)
argue that it is neither common nor desirable that complex teams share their
situation awareness in the way expressed by those expressing the ‘common

ground’ paradigm as different agents have different purposes and different
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goas. The consequence of this view is that rather than situation awareness
within teams being thought of as shared knowledge, situation awareness within
teamsis dynamic and collaborative, binding individual team members together
on a moment-by-moment basis. However, whilst these two paradigms may be
at odds, both may be useful to varying degrees in describing and understanding
how teams communicate and effectively coordinate tasks in light of multiple
operator goals. It may be the case that in some circumstances a ‘common
ground’ understanding of team situation awareness yields analysis more
appropriate to the goals of research, whilst in other cases a distributed paradigm
is better suited.

Understanding how teams comprised of human and non-human agents work
within shared physical or informational environments is often an essential part
of Human Factorsresearch. Thus, aninformed theoretical understanding of how
individual members perceive, understand, communicate and contribute to the
task specific environmental knowledge of others should underlie any serious

analysis of decision-making within teams.

2.5.10 Situated Cognition

In his landmark book, Hutchins (1995) draws our attention to the significance
of culture as a collective human cognitive process, rather than a collection of
tangible and intangible things. Hutchins argues that in both cognitive science
and anthropology, the role of culture has been marginaised as mere
epiphenomena, arising from the aggregate of individual ideation and shared
beliefs. Separating cognition from culture in this way is a mistake with
unnoticed costs, Hutchens notes, because “it hides the many ways in which
cognition is part of the cultural process’ (p 354 (Hutchins, 1995)). It is
suggested that this reductive individualism privileges abstract properties of
isolated individual minds and therefore reinforces an implicit dependency upon
Cartesian dualism. This move encourages us to mistake the properties of
complex sociocultural systems for the properties of individual minds, hence,
“primitive” technological cultures must be such because of the primitive minds
which constitute them. The consequence of this mistake leads to an attribution
error, namely, that of assuming that complex behaviours necessitate complex

individual cognition, and therefore that individual cognitive processes are
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sufficient to explain the observed complexity. The theory of Situated Cognition
takes the opposite view; namely that knowledge is inseparable from action (J.
S. Brown, Callins, & Duguid, 1989), therefore, cognition cannot be separated
from context. Under this understanding, it would be a mistake to assume that
cognitive processes are merely ‘in the head’, devoid of the context which gives
rise to them. Young, Kulikowich, and Barab (1997) suggest that meaningful
cognition is a continuous interaction between a perceiving-acting agent and a
dynamic informational field, discretized into meaningful “intentional units’
relating to an overall goal or choices made, moment to moment in pursuit of a
goal. These “intentional units’, they suggest should be the basic unit of analysis
for any investigations into cognition. Whilst a theoretical discussion of such
nature is beyond the scope of this thesis, the idea that cognition is inseparable
from context is an important consideration for any serious investigation of the

ways in which people perceive, think and act in real-world settings.

2.6 FINDINGSFROM LITERATURE REVIEW

There is a wealth of literature which relates to many aspects of missing
incidents; including statistical treatments of police reports, longitudinal studies,
interviews with the families of long-term missing and a vast array of literature
which investigates search behaviour, such as; visua search, foraging and
operational Search and Rescue guidance. Additionally, theoretical constructs
employed within the human factors discipline, such as Decision-Making,
Workload and Situation Awareness may help to shed light on the cognitive
processesinvolved in missing person search. Finally, research about social care,
such astheimpact of carer burden and carer wellbeing help to provide a context
for missing incidents amongst vulnerable people. However, very little of this
research helps to unify the operational context in which missing incidents
unfold, the cognitive demands placed on those involved in decision-making and
the emotional burden placed upon of carers, which may lead to further negative
outcomes (Zarit et al., 1980). Missing Person Incidents are a complex task
which involve a wide variety of institutions, and networks of individuals with
wide-ranging responsibilities. Missing Person Incidents present both a risk to
theindividualswho aremissing (Ali et a., 2016; Bantry White & Montgomery,
2015; Hayden & Goodship, 2013) and may contribute to long-term distress of
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carers and parents (Park et a., 2017), which may contribute to
institutionalisation, and thusincrease public spending. Whilst there isliterature
which investigates the emotional impact of the long-term missing (Stevenson
et al., 2013), littleis known about the cognitive processesinvolved of carersand

family members of missing people during theinitial stages of missing incidents.

2.7 CHAPTER SUMMARY

This chapter gave an overview of issues relevant to the research, including the
prevalence, demography and risk of the missing. The chapter adopted a human
factors approach to the problem, focusing on people, their interactions,
cognitions and behaviours and discussed the specific issues faced by missing at
risk groups and their carers. Findly, relevant theories of decision-making in
time-critical scenarios were outlined, underscoring the cognitive biases likely
to affect decision-making within missing incidents and the importance of
considering the context in which these decisions are made. The following
chapter will use the paradigm of “Naturalistic Decision Making” in order to
discover how individuals make decisions during missing incidents.
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3 UNDERSTANDING MISSING INCIDENTS

3.1 CHAPTER OVERVIEW

This chapter reports upon a study which uses the “Naturalistic Decision
Making” paradigm to investigate how missing incidents unfold and the
decisions which are made by those conducting missing person searches (both
carers and expert search and rescue volunteers). Interviews were conducted
using the Critical Decision Method in order to elicit specific information about
the decisions and challengesfaced by participants during missing person search.
Results for each group were analysed using Emergent Thematic Analysis in
order to identify common themes across various incidents, which were
examined using a mixed-methods approach. Finally, the chapter presents
various descriptive models of behaviour relating to individuals engaged in

missing person searches.

3.2 INTRODUCTION

The purpose of this study was to discover what types of decisions, cues and
underlying emotional states people experience when searching for avulnerable
person in order to see how these factors influence the search task. Additionally,
this research was conducted in order to define the constraints of the research
problem. Whilst there is work into Search and Rescue that takes a Human
Factors approach; often the focus of this work is about the adoption of robots
and drones within professional search and rescue teams (Julie A. Adamset d.,
2007; Burke et al., 2004; Gabrecht, 2016; Nourbakhsh et al., 2005; Schlenoff &
Messina, 2005) rather than missing incidents per se. Conversely, much of the
work investigating the carers and families of missing people comes from a
broader sociological perspective (Lois, 2001; Parr et al., 2015; Stevenson et al.,
2013) and aims to capture the perspectives and narratives of families of the
missing. To the author’s knowledge, no work to date has been conducted
investigating the decision-making sequences of the carers of the missing from
the period immediately following a noticed absence until an official report. The
purpose of this study therefore is not only to understand the experiences and
decisions of carers, but to explicitly define the Missing Incident task from the

perspective of carers so that it can serve as a foundation for other work in this
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area. In addition, the interviews from Search and Rescue volunteers not only
provide ameansto contrast ‘ naive’ searchers with those more experienced, but
also demonstrate the likely consequences of an official report. The strengths
and weaknesses of this approach to incident analysis are discussed. This chapter
explicitly addresses objective 2 “ Capture the perspectives and experiences
of individuals who have experience of Missing Incidents’ and conjunction
with the previous chapter satisfices aim 1, “...establish a descriptive
framework for understanding Missing I ncidents, based upon a synthesis of
relevant existing research and an investigation into “real-life’” missing
per son sear ches’. Finally, the chapter will present various descriptive models
of behaviour relating to individuals engaged in missing person searches, whilst
some of these will be expanded upon in a later chapter, the work discussed in
this chapter will also go part way to addressing objective 3, “Form a model of

guardian and carer behaviour during Missing Incidents’.

3.3 BACKGROUND

Task analysisrefersto adiverse range of tools which are often employed within
the Human Factors discipline in order to describe in detail various aspects of
operator behaviour and also to provide a comprehensive description of operator
tasks. Task analysis techniques are often used to identify sources of error in
complex socio-technical systems and ultimately suggest ways in which the
system could be improved (Shepherd, 2000; Wilson & Corlett, 2005).

Methods such as these can be used to discover various subtasks as well as the
ways in which these are distributed in time and space and between various team
member task analysis techniques have al so been adopted previoudly to facilitate
the use of unmanned aeria vehicles for search and rescue operations (Julie A.
Adams et a., 2007) and to understand the distributed situational awareness of

aeria search and rescue operators (Plant & Stanton, 2016).

Traditional hierarchical task analysis techniques tend to be action-oriented
approaches and focus on providing a description of the observable aspects of
operator behaviour (Neville A. Stanton, 2006). Typically, hierarchical task
analysis involves adopting a top-down approach organise tasks and subtasks

into appropriate organisational hierarchies. In this way, Hierarchica task
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analysis can be used to identify potential sources of error and inefficiency as
well as define potential operational constraints to improve future systems or to

provide training documents (Shepherd, 2000).

However, hierarchical task analysis techniques are typicaly focused on the
goalsof operators and not well suited to elicit underlying cognitive and affective
states that give rise to differing courses of action (P. Salmon, Jenkins, Stanton,
& Waker, 2010). An alternative set of approaches known collectively as
Cognitive Task Analysis, provide methods to overcome some of the traditional
shortcomings of hierarchical task analysis “yield information about the
knowledge, thought processes and goal structures that underlie observable task
performance” (Chipman, Schraagen, & Shalin, 2000, p. 3) and as such can be
used to discover descriptions of both overt behaviours and covert cognitive
functions for complex tasks that last several hours or days (Clark, Feldon, van
Merriénboer, Y ates, & Early, 2008). Militello and Hutton (1998) highlight the
increasing need for cognitive task analysis particularity in environments which
require inference, diagnosis, judgement and decision-making. As such,
cognitive task anaysis approaches are preferable to more traditiona
hierarchical task analysis techniques in domains where experts may find the

justification for their decisions difficult to verbalise.

The Critical Decison Method (Gary A Klein et al., 1989; Weitzenfeld,
Freeman, Riedl, & Klein, 1990) is one such method. It is an incident-based
knowledge dlicitation technique based on the Critical Incident Technique
(Flanagan, 1954) designed to uncover the decision-making processes of experts.
The critical decision method alows participants to define the scope of the
problem in their own terms and as such not only provides scope for the analysis
of the allocation and distribution of subtasks but also alows for the possibility
of creating alternative solutions. It consists of semi-structured interviewswhich
require the participant to give an account of a previous incident. After which,
the interviewer and participant construct a timeline of events and identify
critical decisions. Finaly, for each decision point, the interviewer asks a series
of probing questions, designed to elicit specific information about each decision

within the context in which that decision was made.
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Whilst agreat deal of research has demonstrated that eye-witness testimony is
subject to reconstruction and misremembering (Loftus & Palmer, 1996), it is
argued that challenging events of this nature require focused attention and for
this reason are also much more likely to be vividly recalled than routine events
(Crandall, Klein, & Hoffman, 2006).

Typically, the Critical Decision Method is used to extract tacit information from
experts in order to form training manuals, expert systems or to design operator
interfaces. One of the suggested applicationsfor knowledge dicitation from this
approach is the development of new systems (Crandall et a., 2006; Gary A
Klein et a., 1989; O'Hare, Wiggins, Williams, & Wong, 1998). The Critical
Decision Method has also been used to identify user-requirements for the
development of new technologies in complex socio-technical systems with
associated time-critical tasks such as emergency medical dispatch (O'Hare et
a., 1998; Wong & Blandford, 2002). Identifying cues and decisions used by
experts may also help to discover a deeper understanding of the best current
practice of missing person search. The Critical Decision Method is not only an
appropriate method for discovering the cognitive processes involved in
decision-making within complex, cognitively demanding environments, but
due to the fact it involves participants recounting specific incidentsit also helps
to elucidate the wider context in which these incidents occur. For this reason,
the Critical Decision Method is uniquely suited to address objective 2 (Capture
the perspectives and experiences of individual s who have experience of Missing
Incidents) and objective 3 (form amodel of guardian and carer behaviour during

Missing Incidents).

3.4 METHOD

3.4.1 Ethics

Participants were fully informed to the purpose and nature of the study and
signed consent forms prior to the interviews. Copies of these consent forms can
be found in Appendix A.l. Participants were made aware of their right to
withdraw at any point and all names and identifying information were removed
from the transcripts, to ensure confidentiality. The data was stored securely on

a password-protected computer, in accordance with the University of
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Nottingham’s data policy. Ethical approval for this study was granted by the

University of Nottingham’ s Ethics committee within the faculty of engineering.

3.4.2 Participant Recruitment

Participants were selected on a voluntary and unpaid basis and recruited via
word of mouth. In the case of carers recruitment was also conducted viathe use
of an advertising campaign which consisted of posting flyers in public places
and a social media campaign. All participants were required to be over the age
of eighteen and have experience of conducting a missing person search for an

adult over the age of eighteen with care and support needs.

Five participants were selected from three search and rescue organisations
within the United Kingdom, including associated members of Mountain Rescue
and Low Land Rescue teams. Potential participants were identified during an
initial consultation with a subject matter expert and senior mountain rescue
volunteer, this initia consultation also allowed the interviewer to familiarise
himself with the genera operations, terminology and command structure
employed within search and rescue teams. Each participant had at least five
years search and rescue experience and was ‘team leader’ (or higher) within
their respected organisation. These participants only represent UK search and
rescue teams and it islikely that search and rescue operations in other countries
vary in terms of their duties, responsibilities and communications with other
organisations. Whilst the sample sizein this study is modest and caution should
be taken when attempting to draw general conclusions, each participant
represents a considerable degree of experience and numerous search and rescue

operations.

Five participants were selected who had experience conducting informal
missing person searches for adults with care and support needs. All participants
were currently employed as professional carers, although one participant
reported an incident from her personal lifein her role as afamilial carer. To be
eligible for the study, participants must have been over eighteen and had alegal
or implied obligation to call the police during the incident in question they must

also have been one of the principle decision makers during the incident. This

72



was a necessary condition for igibility as the interview technique seeks to

identify critical decisions which occur during incidents.

3.4.3 Interview Technique

Participants were interviewed using the Critical Decision Method (Crandall et
al., 2006). The Critical Decision Method was chosen over and above a more
exploratory approach such as exploratory interviews (Ryan, Qu, Schock, &
Parry, 2011) as the Critical Decision Method provides a suitable structure for
investigating discrete incidents and allows for the identification of key decision
points, which may shed light on the cognitive processes involved in evaluating
possible courses of action. A proposed script for each of the interviews can be
found in Appendix A.2, though thisdid slightly vary between interviews, owing
to the semi-structured nature of the method. During the course of the interview
participants were asked to recall in detail an incident from personal experience
whichinvolved them looking for an adult who could be considered ‘ vulnerabl e’ .
As the participants recalled a particular incident, the interviewer constructed a
timeline of events which was then verified with the participant. ‘Critical
Decisions were then identified collaboratively between the interviewee and the
interviewer. Participants were told that a‘ Critical Decision’ was a decision that
required expertise and/or judgement rather than a routine and standardised
operating procedure. Additionally, they weretold a‘ Critical Decision’ might be
apoint intheincident in which somebody with | ess experience would have done
differently. Once the Critical Decisions had been identified, the researcher
asked a series of standardised probing questions for each decision point in an
attempt to further understand the decision-making process behind each
decision, revisiting and clarifying the incident in the process. Whilst there are
some suggested categories and probing questions listed in Chapter 5 of
‘Working Minds (Crandall et al., 2006), it is advised that these should be
modified to suit the current purpose of the study. In the current study, the areas
of particular interest are affective states, cues, decisions and effects. As such, a
series of standardised probing questions were asked during a ‘deepening
sweep’, these were adapted to elicit information about each area of interest. A
script was written for the purpose of the interviews, which included a briefing
aswell as prompts and probing questions see Table 3.1 Probing Questions.
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Table 3.1 Probing Questions

Probing questions
For discovering decision cues:
e Did you identify anything from previous experience or knowledge
that led you to make this, as opposed to another decision?
e What led you to make this decision as opposed to another possible
option?
e What led you to believe that this decision was the right one to make
in this situation?
For identifying emotional states:
e How did you fed at this point?
e Would you say that this decision was influenced even in part by
emotion?
e Do you fed that your emotional state helped or hindered you in
coming to this decision?
For discovering the effect:
e What was the overall outcome of this decision?
e In hindsight, would you have made this decision again or done
something different?
e Would a different decision at this point have resulted in a different
outcome?
e |sthere any chance that the effect of this decision could have been
different?
For further clarifying the decision:
e Could you explain for me in a little more detail, exactly what this
decision was and the procedures involved in executing it?
e How exactly was this done, what were the actual things you needed
to do to make this happen?
e Would you say that thiswould be atypical response to this situation;
would I, for example, find support for this decision in an operating
manual ?

All search and rescue volunteers were interviewed by the thesis author in face-
to-face interviews and lasted between 45 minutes and 1hour and 45 minutes.
One interview was conducted at the headquarters of the Edale Search and
Rescue team, one interview was conducted at the University of Nottingham,
one interview was conducted at the participant’s place of work, and the fina

two were conducted at the private residence of one of the participants.

Interviews with carers varied between one hour and a half, and thirty minutes,
with a median interview length of one hour and five minutes. Two interviews
were conducted at participants place of work, and the remaining three were

conducted via video conferencing software.
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3.44 Emergent Thematic Analysis

The Critical Decision Method can dicit knowledge and information about
specific incidents and expertise of professionals, but data extracted from the
interviews requires further analysis and representation in order to identify
commonalities across incidents. Emergent Thematic Analysis (ETA) has been
applied to critical decison method interviews to identify overal decision
strategies and broad categories of behaviour as well as further describe the
context in which thetask occurs (Wong & Blandford, 2002; Wong & Blandford,
2004). Emergent Thematic Analysis can be used to distil the critical decision
method transcripts, thus enabling broad themes to be identified and analysed
without committing oneself to any a priori assumptions. This preserves the
exploratory nature of the CDM whilst increasing yield and ensuring analytical

rigour.

The interviews and handwritten timelines were transcribed by the author, who
also performed the analysis. The Critica Decisions which were identified
during the interviews were coded in the transcripts. Identification of common
critical decisions, respective to each group was conducted by grouping the

Critical Decisions dlicited across interviews.

Finally, the data set was coded for “Global Themes’, which were higher-level
concepts thought to be pervasive throughout the decision-making process. This
differs somewhat from the approach adopted by Wong and Blandford (Wong &
Blandford, 2002; Wong & Blandford, 2004), as the Critical Decisions
themselves were the basis of the initial coding themes. This involved further
dividing each of the critical decision excerptsinto smaller sub-sets, representing
decision-specific themes, and further elucidated the main considerations during
each decision. The sub-themes of each critical decision are givenin, alongside
afigure which indicates the total number of references made that were within
the sub-theme.

Additionally, an entirely separate coding scheme was created to identify
considerations which were pervasive throughout the datasets. This additional
stage of coding alowed for an exploration of where attention was focused

throughout the incident and also allowed for a “cross-referencing” technique

75



which demonstrated the relative importance of each of these factors within
incidents. This “cross-referencing” technique was performed in NVivo, using
the “Matrix Tabulation” function and identified excerpts from the transcripts
which were common to both a given critical decision and a particular global

theme.

Thetwo types of coding schemes (critical decisions and global themes), loosely
correspond to Braun and Clarke’'s distinction between “Inductive and
Theoretical Thematic Anaysis” (Braun & Clarke, 2006). Where the
identification of critical decison points is largldy a ‘top-down’ and
‘Theoretical’ process; due to the critical decision points being explicitly
identified prior to the analysis. Contrastingly, the identification of ‘Global
Themes' isfar more bottom-up, ‘ Inductive’ and data-driven, as no themes were
identified prior to the analysis nor was coding forced into a pre-existing coding
scheme. These two approaches in conjunction allow for operational decision
points to be identified which can be clearly understood by practitioners whilst
allowing for deeper, often more subtle themes to emerge. Performing the more
‘theoretical/top-down’ method of analysis first also provides some guidance as
to what themes are common across multiple decision points and structures the
data before a more in-depth coding scheme is generated.

This differs somewhat from the approach adopted by Wong and Blandford
(Wong and Blandford 2002, Blandford and Wong 2004), as the critical
decisions which were identified during the interviews were the basis of the
initial coding themes. The approach taken here also extends upon the ETA
approach by identifying various sub-themes for each of the critical decisions, as
well as global themes which pervade incidents. A distinct advantage of this
approach is that using the cross-referencing technique, the relative importance

of specific issues can be identified for each of the critical decisions.

3.4.5 Representation

Once coding was complete, diagrammatic representations of the search task in
both conditions were produced in order to show the temporal sequenceinwhich
decisions were made. Whilst there are many methods of task representation

within incident and accident analysis, none of these seemed wholly appropriate
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for representing the data elicited from the interviews. A popular approach to
incident analysis is Rasmussen’s Accimap (Rasmussen, 1997), which looks at
the contributing factors leading to a specific accident. However, this was
deemed inappropriate on multiple counts. Firstly, without significant
modification, the Accimap is designed to analyse only one specific incident
rather than identifying trends across multiple similar incidents (P. M. Salmon,
Cornelissen, & Trotter, 2012). Secondly, the Accimap shows how various
factors across multiple levels al contribute to an unintended and accidental
consequence. This differs from the incidents under investigation in that, the
search task isan attempt to mitigate and resol ve an unfavourabl e situation rather
than an analysis which seeks to understand why these unfavourable states of
affairs arose.

Incident representation diagrams were produced specifically for the purposes of
representing the relative importance of themes as they relate to each critical
decision. These diagrams resemble the origina timelines created during the
interviews but use generalised decision themesrather than the specific decisions

reported in each interview.

Figure 3.1 illustrates the various stages of analysis that were conducted on the
data. The thesis author conducted and transcribed the interviews and performed

all stages of the analysis.
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Figure 3.1 Stages of Analysis
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3.5 RESULTS

3.5.1 Results Search and Rescue

Decision-making within the Search and Rescue context, whilst dynamic;
typically follows an ordered sequence. Thereis agreat dea of variability in the
specifics of each decision, for example, ‘decide search area was a decision
made in every incident, but the details of where to search were dependent upon
environment, context, available resources and knowledge of the missing person.
Upon grouping decisions across interviews, seven critical decisions emerged,
including * On-ground decisions which representsagenera grouping of the less
frequent and more variable responses to environmental and contextual factors
faced by ‘on-the-ground’ teams. Whilst no particular interviewee identified
these specific decisions as ‘ Critical’, it was decided that for compl eteness these

important but less predictable decisions should form part of the task analysis.

Of the five interviews which were conducted, two of the interviewees reported
upon missing incidents in which the missing person was found unharmed by the
search and rescue teams, whereasin the other three incidents, the missing people
were not found by the search and rescue teams. Overall, decision-making within
Missing Person Incidents tended to follow a similar trend, however two of the
interviewees who were members of alowland search and rescue team, appeared
to have less responsbility for overal decision-making than the three
participants who were members of volunteer mountain rescue teams.
Participants who were members of the lowland rescue team tended to share
responsibility with the local police for overall planning and conduct of the
search, however, members of the mountain rescue teams tended to act far more
autonomously and decide the overall search strategy based on their own
knowledge of thelocal topography, weather conditions and resources available.

A full description of the inclusion criteria and summary of results for both
Critical Decisions and Global Themes can be found in Appendix B.1 and
Appendix B.2 respectively.
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Figure 3.2 shows the generalised timeline of search and rescue teams which
were created after the analysis of the transcripts. Critical Decisions are
highlighted in red, typical events and routine proceduresin blue and sub-themes
for each decisions are highlighted in purple. Search and Rescue volunteers
described a methodical process of search, which istypically only revised upon
the discovery of new information. Search and Rescue operations were
described as ending in one of three ways; the missing person is found (dead or
alive), stand-down, where the SAR operation is temporarily suspended
overnight and operation abandoned, where a standown is issued but the

operation is not resumed.
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Figure 3.2 Critical Decision Sequence Search and Rescue
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3.5.2 Intersection of Global Themes and Critical Decisions (SAR)

This table shows all of the references that were used in both the Critical
Decisions and the Global themes (both full and partial matches). This datawas
produced using two separate coding schemes, “ Critical Decisions’, and “ Global

Themes.

The counts in the Table 3.2 are the result of conducting a Matrix cross-
tabulation in NVivo and indicate the total amount of references which are
common to both each critica decision and each global theme. This table
therefore gives an overal illustration of the relative importance of each global
theme within each critical decision and subsequently sheds light on the main

point of focus during each stage of the incident.

Table 3.2 Intersection of Global Themes and Critical Decisions Search and Rescue

Team Safety Equipment  Communications Clues

and with Police
Wellbeing
1l:1s 6 2 13 0
Callout
Valid?
2: Teams 7 5 11 1
and
Resources
3:Plan 12 2 14 13
Search area
4 : Sections 7 4 13 7
and Sectors
5:0n- 8 4 8 2
ground
decisions
5: Careof 1 9 1 0
casualty
6 : Stand- 8 0 8 2
down
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Table 3.2 shows that communications with police were prevalent throughout all
stages of Search and Rescue operations. “ Team Safety and Wellbeing” was also
a magor consideration throughout al stages of incidents reported, but
particularly pertinent to the decisions of search area planning, on-ground
decisions and the ultimate decision to stand-down. Clues were a consideration

during the initial planning stages, but featured little el sewhere.

Search and rescue operations typically followed a standardised and predictable
sequence of decisions, though the specific decision outcomes arrived upon were
entirely dependent upon the circumstances of the search. Decision makers apply
abroad set of heuristicsto the search task but often have to improvise depending
upon the information they have available to them about the missing person, the
environment of the search, and the resources at their disposal. Expert search and
rescue practitioners describe their decision-making process as a mixture of
‘Expertise and Judgement’, rather than strict adherence to a rigid protocol.
Despite thisfact, decision makerslargely made the similar decisionsin the same
order in each case and there was a great deal of commonality in the decision-

making process across incidents.

Police involvement was reported to be generally high, though there were
differences between respective search and rescue associations and local Police
organisations, this was shown to impact both the number and scope of decisions
made by Search and Rescue teams. In two of the five interviews conducted,
search and rescue volunteers reported that Police effectively managed the
overal search plan, decided the search area, and ultimately issued the order to
‘stand-down’ as appropriate. The other three participants reported a much
higher degree of autonomy in the decision-making process, athough even in
these cases they worked very closely with the local Police. In afew cases, this
involved the Search and Rescue teams requesting background checks or asking
for additional resources (such as support from the Royal Air Force) to be called
in. The importance of this communication is reflected in table 4 in which
communications with the police features as the most salient global themein all

but the “ Care of Casualty” decision point.
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There was evidence that search and rescue experts viewed time as a resource
which needed to be allocated appropriately and tended to plan their searches
with the knowledge that teams may be conducting the search for up to several
days. Incident controllers and other decision makers ensured that they and their
teams had appropriate provisions prior to the commencement of any given
search and acted under the assumption that adequate preparation would lead to
more effective searches. Search plans were reported to be informally
constructed immediately following the callout. Incident commanders often had
a general idea of the overall search plan upon arriving on scene and would
continueto revise and clarify their plan dependent upon the resources that were

likely to be available up until the moment of deployment.

Areas of high probability or those which required a lower amount of resource
commitment were usually searched first during a preliminary “hasty search”;
this involved the search teams looking across footpaths and accessible areas
before a more formal and structured approach to search began. Hasty Searches
areapreliminary sweep of the areawhich utilises available personnel resources
whilst team members are still arriving on scene. Once an initia hasty search had
been conducted, teams were split into smaller groups of threeto five people and
allocated a clearly defined area, preferably with a natural boundary radiating
out from the position of last sighting.

Generally, decision makers tended to be forward thinking and strategic but also
responded well to new information. Search and rescue organisations have to
adapt if their assessment of the situation changes due to external factors such as
additional information from the police, or if one of the search teamsfindsaclue.
Inthiscase, teamswill usually be asked to hold their position, and may be called
back for redeployment whilst the search plan is revived and (if necessary)

position of last sighting.

When asked about the effect that emotion might have upon decision-making,
interviewees seemed to indicate taking a professional attitude towards the
search task and maintained emotional distance from the act of searching (e.g.),
“You don’t have time to wear your heart on your sleeve” [P3]. This emotional
distance may be due to the fact that all of the interviewees had beeninvolved in
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numerous cases with negative outcomes, and therefore had realistic

expectations.

M anaging team expectations was considered to be an important role of incident
commanders and team leaders. Oneincident commander reported not telling his
team he thought it was very unlikely the person they were looking for was still
alive in order to maintain team morale; “You don't tell em that, you keep it to
yourself. — The lads, they know how many beans make five, but they still keep
searching, they don’'t pack up until they’retold” [P3].

When asked about the emotional states practitioners experienced during the
search (“How were you feeling at this point?”), search practitionerswould often
report on their hypotheses about the missing person rather than provide any
insight onthelevel of emotional arousal caused by the difficulty and importance
of missing person search. Through clarification, practitioners did sometimes
state how they were feeling at the time, but this was usualy an operational
consideration regarding the likelihood of a positive outcome. This suggests that
whilst it is possible to discover some of the affective states experienced during
a stressful and time-critical incident direct questioning may not be the best
approach for expert practitioners. (Luini & Marucci, 2015) used the framework
of naturalistic decision-making to develop an approach for understanding the
influence of emotions on cognitive processes. However, their approach
comprised of aseries of experimental trials investigating the reaction times and
emotional responses of participants performance in a firing range, and
therefore, despite the fact the study could broadly be described as “Naturalistic
Decision Making”, their methods for discovering the role of emotion in
cognition are not applicable here. An alternative approach might involve direct
observation of incidents, or the application of discourse analysis techniques on

the transcripts.

3.5.3 Carers’ Results

There was a range of diverse incidents reported in the interviews, interviewees
described a wide variety of absent people with many complex care and support
needs. Despite this fact, informal absenteeism search typically followed a

standard and predictable sequence, with each decision viewed by the carer as
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an escalation. At each stage of the incident, carers typically chose the decision
which could be considered the least disruptive and time-consuming of available
options. The incidents reported cover the time period from initialy discovering
an absence to calling the police, at which point the carers no longer considered
themselves to be the principal decision maker in the missing person search. Of
the fiveinterviewswhich were conducted, four of the participants reported upon
an incident in which the care recipient was found unharmed, but in one of the
reported incidents the care recipient was not found during the initial search.
Three of the participants reported upon missing incidents involving adults
within a care home setting, one participant reported upon an incident in a
specialist college for young adults with disabilities, and a fina participant
reported upon an incident with her own father (though she herself was aso a
professional carer). Full descriptions of the Critical Decisions and Global
Themes for the carer group can be found in Appendix B.3 and Appendix B.4
respectively.

A generdised timeline of missing incidents from the perspective of carersis
illustrated in Figure 3.3. Figure 3.3 shows typical missing person incidents from
the perspectives of carers. Highlighted in red are the decisions which carers
deemed to be “Ciritical”, in blue are common events or decisions which were
considered to be routine, and in grey are sub-themes which were coded for each
decision (discussed further in Appendix B.3).

85



Specific Themes

Critical Decisions

Salient Global Themes

Events/Routine Proceedure

Figure 3.3 Decision Sequence Timeline of Carers
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3.5.4 |Intersection of Global Themes and Critical Decisions (Carers)
Similar to Table 3.2, thistable shows a count al of the references that common
to both the Critica Decisions and the Global themes (both full and partial

matches) for the transcripts of the carer interviews.

Table 3.3 Intersection of Global Themes and Critical Decisions Carers

Safety, Responsibility Meta ‘Adtral
Wellbeing andtheRole  Cognition&  Traveling' &
and Risk of a Carer Confidence Hypothesis
inDecisions  Generation
1: Search 10 9 14 17
Immediate
Vicinity
(POS)
2: Enlist 5 17 17 14
help from
Friend or
Colleague
3: Search 16 11 43 49
surrounding
areas (on
foot)
4:Tel 10 20 13 10
Senior
Member of
Staff
5: Search 17 19 23 35
further areas
(in car)
6 : Cal the 29 38 37 20
Police

Table 3.3 shows the intersection of global themes and critical decisions for the
transcripts, which indicates the focus of attention during the incidents.
Unsurprisingly, “Astral travelling” and hypothesis generation featured highly
during actual search tasks (search surrounding areas, search further areas),
indicating that carerstry to place themselves‘in the mind’ of the missing person
in order to make inferences about their location. The category of “Meta
cognition”, described the self-reflective aspect of thought, this included the
times when participants mentioned that they questioned their own judgement.
M eta-cognition was common during the search tasks but particularly referenced

when people recalled their feelings towards the police.
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Carers reported a high degree of emotional distress when conducting informal
missing person searchesfor their care recipients which increased as the incident
progressed. Carers were often reluctant to call the police, fearing that they
would be judged for failing in their duty of care and the socia stigma attached
to calling them. In addition, carers also felt that they had an obligation to
conduct athorough search of the area so they often repeated steps that they had
already taken to rule out any possibility of doubt and ensure that when they
called the police no obvious places were left unchecked.

As one might expect, search strategies adopted by carers tend to be far less
systematic but also involved investigating areas of high probability first. The
cues employed by the carers were usually based upon knowledge of the care
recipient’s history, persona preferences and recent mood rather than in-depth

considerations about the environment.

One carer reported panic and a ‘sinking feeling’ upon discovering the person
she cared for was missing, yet later in the interview she reported having an
ambivalent attitude towards the possibility of a positive outcome, “alot of you
is thinking, please let him be ok and the other bit of you is thinking, please let
him've fallen and broken his neck and he's dead” [P1]. Clearly, the complex
relationships that carers have with their care recipients is very individualistic
and likely to be a major factor in determining how emotion affects decision-

making in this context.

A sub-theme within “Responsibility and the Role of a Carer”, called “Respect
for Personhood” was identified which pertains to certain conflicts carers feel
about their roles as guardians. On the one hand, carers feel they have a duty to
protect their care-recipients from physical, psychological and emotional harm,
yet also have a responsibility to respect their autonomy and not completely
restrict their behaviours, even if those behaviours could have adverse
consequences. One carer reported feeling unable to lock the front door, despite
the fact that wandering behaviours were common in her care recipient, another
reported noticing the care recipient wandering away, but following him, rather

than stopping him in an attempt to mitigate undesirable behavioursin the future.
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Another key difference identified between the groups so far are the factors
affecting the enlisting of additional resources. The carers interviewed reported
feeling far more associated stigma when seeking additional help, both from
friends and the police. Thiswas due to both a concern about wasting policetime
and failing in the responsibilities as a carer. Contrastingly, expert practitioners
see requesting additional resources as ‘part of their job’ and have no such
associated stigma. It seems likely from the initia interviews that a maor
difference between carer search and practitioner search is that informal carer
search is much more reactive and involves only short-term consideration
whereas expert practitioners were typically much more pro-active and sought
additiona resources very early into the search. This could be due to a
combination of factors including; stigma, experience, typical search length and

emotional involvement.

3.6 DISCUSSION

3.6.1 Discussion of Findings

Whilst timelines for interviewees within each group were similar (participants
typically identified the same critical decisions in the same order), there were
considerable differences between the groups. For example, whilst “Astra
Travelling” wasidentified as a Global Theme within the carer group (Appendix
B.4), this type of cognitive process was less prevalent within search and rescue
volunteers. Search and Rescueteamstypically used physical cluesor last known
locations to decide upon appropriate search areas, rather than an in depth and

persona knowledge of the missing person.

Carers and Search and Rescue Experts have radically different approaches to
finding missing people. Not only isthefocus of attention very different for these
groups, but the decision-making strategies employed are vastly different. Search
and Rescue Teams typically use the initial stages of an incident to gather

information and plan their strategy, formulating a plan and seeing it through.

The teams will not deviate from the plan unless there is additional information,
which will cause them to regroup and revise (see Figure 3.4). In thisway their

search strategy could be described as “pro-active’, that is to say that SAR
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volunteers anticipate many problems before they arise and plan searchesin such

a way as to minimise travel distance and redundancy. Search and Rescue

volunteers dedicate a portion of their time gathering information and planning
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Conversely, carers acted in a much more reactive fashion. Figure 3.4 outlines a
model intended to describe the reactive decision-making strategies of carers
during the search task. Hypotheses were generated immediately after a noticed
absence and these are investigated. If the absent person was not found in the
expected location, anew hypothesiswas generated. Should the carer fail to think
of another possible location then they will enlist help from the lowest possible
authority they can. This will typically be a friend or colleague, followed by a
superior or manager (for professiona carers), before finally caling the police.
One participant described her search strategy asbeing akinto “ check lists’ (P1),
although other comments in the interview would lend support to the idea that

these “check lists’ are generated on-the-fly.
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Figure 3.5 Reactive Search Strategies of Carers

A Reactive Search Model Based on the Interviews of Carers

The differencesin reactivity and proactivity highlighted by Figure 3.4 & Figure
3.5 may be due to differences in the various levels of expertise and resources
available to each group respectively. However, it should also be noted that the
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beginning of these activitiesis radically different for each group. In the case of
the search and rescue expert, it is assumed that the missing person is not in an
“obvious’ place, that there is a high level of risk and that there is no doubt the
incident is a legitimate missing person incident. Conversely, in the case of
carers, it isunclear when a noticed absence becomes a missing person incident,
and hence the perceived seriousness of the incident increases over time and the
start of the incident is ambiguous. Other differences between the way in which
carers and search and rescue experts approach missing person incidents are
summarised in Table 3.4.

Table 3.4 Main Findings from Interview Sudy

Carers

Sear ch and Rescue Experts

Unclear when absence becomes

“missing incident”.

Recelve communication from the

police requiring assistance.

Help enlisted for both assistance in
search, but also emotional support.

Resources enlisted early in incident,
depending upon availability.

No forma plan a the beginning,
hypotheses generated and then tested

in quick succession.

Plan al activities at beginning.

Conduct search activities usually as

part of a group.

Conduct search activities as part of

multiple teams.

Anxious about enlisting help or
contacting police

Will enlist appropriate assistance if
available.

Highly emotional dueto knowing the

care recipient personaly.

Emotionally more distant, focused

upon practicalities of search.

The differences observed may be down to a myriad of factors, from different
operational considerations, different relationships with the missing person and

the perceived social costsof enlisting help and additional resourcesto the search
party.

3.6.2 Discussion of Method
Many previous studies which investigate search and rescue from a human

factors perspective, focus specifically on how new and novel robotic and drone
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technologies may be integrated into existing search and rescue practice (Beck,
Teacy, Rogers, & Jennings, 2016; Macwan, Vilela, Ngat, & Benhabib, 2015;
Schlenoff & Messina, 2005). Additionally, much of the focus within this type
of research tends to be focused upon urban search and rescue efforts, which
typically involve searching buildings for an unknown amount of potential
casualties (Hew & Sunshine, 2002; Y. Liu & Negat, 2016). However, these
activities greatly contrasts with missing person searches in which a known
individual islost in an areawhich is not necessarily constrained to an individual

building.

The Critica Decision Method alone provides an excellent framework for
understanding expert behaviour across difficult or challenging incidents and
provides a clear framework for conducting semi-structured interviews.
Additionally, when Emergent Thematic Analysis is performed on interview
datagreater detail and understanding of the operator task can be obtained. Wong
and Blandford highlight the three major strengths of this approach (Wong &
Blandford, 2004). Firstly, it “promotes the exploratory nature of the CDM”,
making it an excellent research methodology for a little-understood problem.
Secondly, it “Balances Emergence and Theory”, thiswas particularly true of the
study in question, in which critical decisionswereidentified in conjunction with
theinterviewees, but * Global Themes', were only identified through an iterative
and emergent process. Finally, this method is fast and practical. Whilst
combining the Critical Decision Method with Emergent Thematic Anaysisis
more time-consuming than the Critical Decision Method alone, it yieldsamuch

greater insight and has the flexibility to focus on specific aspects of interest.

Similar to the approach adopted by Wong and Blandford (Wong & Blandford,
2002), sub-themes were also identified within the critical decision points.
Coding for the sub-themes was conducted after all the data extracts for the
critical decision points had been fully coded in al instances in which they
appeared in the data set. Introducing a second level of coding within the critical
decision points alowed for a more specific and detailed account of each

decision and which aspects practitioners deemed important.
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Combining these various approaches across multiple levels of analysis created
a sophisticated dataset. Using analysis software such as NVivo alowed for
insightful resultsto be returned when presented with avariety of queries. When
coded interview data is formatted in this way, it is possible to return al data
items that relate to both a specific decision point and a specific globa theme.
For example, one may wish to find specific excerptsthat relate to “ Team Safety
and Wellbeing” within the “Plan Search Area’ decision in order to understand
what safety considerations are made by team leaders when initially planning a
search. This may be beneficia to those wishing to understand the focus of
attention during various stages of missing person searches and may also help to
highlight specific difficulties, constraints or thoughts at relating to each of these
intersections. Alternatively, this method could be adapted to highlight the focus

of attention during each critical decision for awide variety of critical incidents.

3.6.3 Limitations

The study facilitated a description of searcher behaviour, cognition and emotion
during missing incidents in two separate contexts, but it was not without
limitations. Firstly, the sample sizes for both groups were reasonably modest,
and as mentioned by many of the SAR volunteers, there is a great deal of
variability between incidents. Subsequently, it is unlikely that the incidents
described during the interviews represent an exhaustive list of al possible
decisions, events, cognitions or outcomes. Relatedly, a small sample size may
not be an exhaustive description of individual differences in decision-making
strategies. However, (Saunders et al., 2018) suggests that saturation should be
operationalised in a way that is consistent with the research question and
analytic framework adopted. No new critical decisions were identified after the
second series of Search and Rescue interviews, (or after the third interview with
carers) which could be taken to indicate data saturation was reached. There was
also considerable consistency between the decisions identified and the general

order in which decisions were made.

However, there were differences in the levels of responsibilities between
different Search and Rescue associations and these differences may vary even
more greatly between countries. Whilst the decisions identified for the search

and rescue volunteers may be considered broadly reflective of the practices of
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search and rescue teams in the United Kingdom, there may be substantial
differences in the procedures and considerations of search and rescue teamsin
different countries with different climates and legal systems. Likewise, all of
the carer interviews were conducted in the UK, however, it is likely that
practices and cultural norms vary between countries. Therefore the applicability
of these findings should be taken with caution when used to apply to non-UK

popul ations.

3.6.4 Discussion of Aims and Objectives

This chapter set out to explicitly to meet objective 2, to “Capture the
per spectivesand experiences of individualswho have experience of Missing
Incidents’, in conjunction with the previous chapter, two models of carer
behaviour were presented, Figure 3.3, which describes “typical” incident
sequences and Figure 3.5, which illustrates the reactive decision-making
tendencies of carers during missing incidents. These two models, combined
with the previous exposition of relevant research could be used as a framework
to understand missing incidents from the perspectives of parents and guardians
and therefore satisfy aim 1, “To establish a descriptive framework for
understanding Missing Incidents, based upon a synthesis of relevant
existing research and an investigation into “real-life’ missing person
searches’. Additionally, these descriptive models meet objective 3, “To Form
a model of guardian and carer behaviour during Missing Incidents’, but
these models, despite being informative are entirely qualitative. Chapter 4 will
expand on these models using a large dataset in order to quantify likely

decision-sequences.

3.7 CONCLUSION

The aim of this research was to investigate what decisions are made during
search and rescue operations and what factors affect those decisions. Theresults
demonstrate the effectiveness of using the CDM combined with ETA.
Furthermore, the introduction of two separate coding schemes during the
analysis aso highlighted which particular aspects and considerations were
important at each stage of the search process and therefore indicated the main
focus of practitioners' attention asthey conducted atask. This approach expands
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upon the Critical Decision Method and has the potential to be applied to awide
variety of other incident analysis studies. This study identified 7 critical
decisions made by search and rescue experts during an incident and 6 critical
decisons made by carers following a noticed absence. The study also
highlighted other considerations of both groups when conducting a missing
person search and highlighted the relative importance of each consideration as
the incident progressed. However, whilst the interviews were in-depth and
elicited arich dataset, the sample size for each group was relatively low and as
such the findings may not necessarily be generalisable to the respective target

populations.

3.8 CHAPTER SUMMARY

This chapter outlined a major study of the PhD which used retrospective
accounts of real missing incidents in order to form models of missing incident
search activities. Using the Critical Decision Technique in conjunction with
Emergent Thematic Analysis, several such models were devel oped which shed
insight on the type and order of decisions made during these incidents and the
challenges faced by both carers and search and rescue volunteers. A series of
“Critical Decisions” were identified for both groups, and specific issues were
discussed which pervaded the entirety of these tasks. The next chapter utilises
the critical decisions elicited during this study in order to form the basis of a
larger scale study which seeks to build on this understanding in order to form

the basis of a predictive model.
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4 VIGNETTESFOR PREDICTING BEHAVIOURS

4.1 CHAPTER OVERVIEW

This chapter will present anovel approach to experimental vignettesin order to
determine likely decision-sequences of carers and parentsinvolved in amissing
person search and the factors which affect those decisions. It will build upon
the more qualitative study in the previous chapter and assess to what extent the
previous findings are applicable to a larger population. The study described in
this chapter will devise a series of scenarios which are based upon the interview
findings of real missing incidents and invite participants to indicate how they
would respond in such a situation themselves. “Critical Decisions’ which were
identified in the previous study will be used as fixed choice points within the
interactive vignette. The more quantitative approach described in this chapter
will be used to form the basis of apredictive model of behaviour during missing
incidents based upon a large sample of participants answering questions about
hypothetical incidentsinvolving real people.

4.2 INTRODUCTION

In order to discover whether the findings from the CDM interviews were
applicable to a larger population and to identify key factors and individua
differences which affect decision-making strategies during absenteeism search,
a “vignette” style study was devised. Whilst the previous study involved in-
depth interviews, using interview methods can often be highly time-consuming
and interview data does not lend itself easily to quantitative analysis. Nor do
interviews facilitate the identification of individual differences and other

variables which may affect decision-making within this context.

Whilst the previous study could be described as focusing on depth and quality
of information, the focus of this study will be two-fold. Firstly, one of the aims
of this study is to see whether the findings from the previous interview studies
concur with a much larger dataset. Internet surveys allow for alarge pool of
participants at relatively little time cost to the researcher, potentially reaching
hundreds or even thousands of participants without also incurring associated

time scaling costs. Internet surveys also have an additional time-cost advantage
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in that the resultstypically comein adigital format, which saves the researcher

considerable time in copying answersto adigital format for later analysis.

Secondly, the use of alarge-scale vignette of thistypewill facilitate quantitative
analysis, which will mean that overall trends can beidentified for large sections
of thetarget population. Potential factors affecting decision-making will also be
able to be identified, such as the missing person’'s level of mobility and
independence. Quantitative data also lends itself to the development of
predictive models in away that qualitative datais unable to.

Finally, the study will make use of the vignette scenarios and ask additional
questions about their attitudes towards assistive technologies more generally,
these will be explored in more detail, along with additional interview datafrom
the previous study in alater chapter. Thiswork addresses amuchneeded gap in
the research literature pertaining to the behaviours, attitudes and decision-
making processes of carers and parents involved in missing person search
incidents prior to police involvement. Specificaly, this work will address aim
3 “Form a model of guardian and carer behaviour during Missing
Incidents” and aim 4 “Measure the extent to which various carer or care

recipient circumstances affect sear ch strategies’ of thisthesis.

4.3 BACKGROUND

Vignettes typically comprise of presenting participants with short descriptions
and or pictures of specific scenarios in order to elicit responses. They are
particularly useful in exploring issues which are culturaly sensitive or
otherwise difficult to measure using observational or experimenta techniques
and allow participants to provide insight into areas where they may have little
or no experience. Hill, describes vignettes as “ Short scenarios in written or
pictorial form, intended to elicit responses to typical scenarios’ p3 (Hill, 1997)
others offer similar descriptions (Alexander & Becker, 1978; Finch, 1987;
Hazel, 1995; Hughes, 1998; Keane, 2012). The vignette method was first
proposed by Ross in his dissertation in which he explored the prestige of
households (Alves & Rossi, 1978)Alves and Rossi 1978, Rossi 1979).

Barter and Renold (1999) suggest that Vignettes have three main purposes “to
allow actions in context to be explored; to clarify peopl€e s judgements; and to
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provide aless personal and therefore | ess threatening way of exploring sensitive
topics’. Carroll (2000) also points out the usefulness of scenario studies when
used in Human-Computer-Interaction research; “ Scenarios are a vocabul ary for
coordinating the central tasks of system devel opment--understanding peopl€e's
needs, envisioning new activities and technologies, designing effective systems

and software, and drawing general lessons’ (Carroll, 2003, p. 6)

Evans and Roberts also highlight the usefulness of vignettes when trying to
analyse judgements and decision-making, arguing that the results from such
studies are highly applicable to real life behaviour, “When vignette studies are
well designed to test specific questions about judgments and decision-making,
they can be highly generalizableto “real life” behaviour, while overcoming the
ethical, practical, and scientific limitations associated with alternative methods’
(Evanset d., 2015, p. 43).

4.3.1 Applications of Vignette Research

Vignettes have been used in awide-variety of contexts and applications and can
be used either as a complementary technique to other data collection methods
(Hazel 1995; Hughes 1998, Keane et al, Wade 1999), or as a research method
in their own right (Sauer et al 2014). In reference to the former, vignettes can
be used to form the basis of a focus group (Wilkinson 1998, Keane €t a), or
during the course of an interview (Wade 1999, Rahman 1996). Vignettes can
also be used to dicit information from people who have experience with
sensitivetopics, by allowing participantsto give honest responses based on their
experiences with these issues in a non-confrontational way, “As commenting
on astory isless personal than talking about direct experience, it isoften viewed
by participants as being less threatening” p3 (Barter & Renold, 1999). For this
reason, they can often be used in highly sensitive or politicised topics, in areas
as diverse as healthcare practice (Murray, Ozaltin, and Tandon, et al., 2003; and
Salomon, Tandon, and Murray, et a., 2003), fairness of wages (Sauer et a
2014) and transgender issues (Bockting, Miner, Swinburne Romine, Hamilton,
& Coleman, 2013).

Carroll (2000) identifiesthe use of scenario in facilitating software devel opment

as “the designer focusesfirst on the activities that need to be supported and then
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allows descriptions of those activities to drive everything else” (Carroll 2000,
p2), thisparticular purported quality of vignetteswill be valuablein determining
exactly how technology might be used to assist in missing person search
activities.

4.3.2 Qualitative and Experimental Vignettes

Whilst there are many variations of vignette-based methodology, broadly
speaking vignettes fall into two categories;, Qualitative and Experimental
vignettes. Qualitative vignettes; tend to be conducted viafaceto faceinterviews
wherethe interviewer asks a series of broad questions and seeks open responses
in an attempt to elicit rich data to identify genera attitudes and themes
pertaining to specific socia and cultural issues.

“Unlike their more experimental counterparts, the aim of qualitative vignette
interviewing should not be to arrive at an accurate prediction of an
interviewee's behaviour but instead to achieve insight into the social
components of the participant’s interpretative framework and perceptual
processes’ (Jenkins, Bloor, Fischer, Berney, & Neale, 2010, p. 178)

On the other hand, experimental vignettes are usually quantitative and follow
similar methods to traditional experiments. They typically comprise of three
variables; controlled variables, experimental variables and contextual variables.
Controlled variables are those aspects of the vignette which remain consistent
across experimental groups, experimental variables are those aspects which
change dependent upon experimental group, and contextual variables are
considered to be incidental aspects of the vignette which are added to give the
scenario depth and realism. The vignettes usually take the form of a sentence or
short paragraph in which the participants are asked to make a series of
judgements. Experimental variables are manipulated by the experimenter to
create a variety of different vignettes. If multiple experimenta variables are
employed in a vignette study, it is possible for the researcher to determine the
influence of each individual factor by using factorial analysis methods even in
the absence of all permutations being presented.
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4.3.3 Interactive and Tailored Scenario Studies

Jenkins et a. (2010) describe a vignette used during the course of the interview
in which participants could influence the devel opment of each stage depending
upon which course of action they choose from a fixed number of options. This
dynamic approach could be used to facilitate the development of a vignette
which has multiple stages, relating to the critical decision stages of a missing

person incident.

Coughlan, Brown et al (2013) demonstrate the use a vignette based approach in
which participants were asked tailored questions regarding members of their
families. Using tailored scenarios enabled the study’s questions to provoke
additional detail without the need to create afictional character. Thisovercomes
some of the criticisms highlighted earlier, participants don't need to imagine
what a fictional persona may do, which could influence their responses, but
instead use their knowledge of a family member, thus increasing their
engagement with the survey. In addition, using tailored fictional scenarios about
real people circumvents the typical trade-off between creating fictiona
characters that are both representative and rich.

4.3.4 Criticisms and Responses

Finch suggests that “asking about what a third party ‘ought’ to do in a given
situation is not the same thing as asking respondents what they themsel ves think
they ought to do” (Finch, 1987, p. 113). Stolte also raises the concern of the
potential for respondent to satisfice in formulating their responses, that is to
process the vignette and their responses in a “careless and ineffective way”
(Stolte, 1994). He suggests that a way to increase the reliability and reduce the
likelihood of participants formulating satisficing responses is to conduct the
vignette in a quiet room with few distractions, to tell participants to take their

time and to incentivise completion of the study.

Chapman and Milham (2006) point out that asfictional personas are made more
specific, they are less easily generaizable to the population at large. This
sentiment is al'so echoed by Schutz, who points out, “Vignettes that enable

participants to envisage themselves as the protagonist and in their situation are
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likely to yield rich data. Conversely, “the more abstract the interpretationiis, the
less chance it has of hitting its mark” (Schutz, Walsh, & Lehnert, 1967, p. 175).

Jenkins (2010) highlights the importance of the plausibility of scenarios, so that
they can be related to the life of the participant and suggests that making
developmental stories interactive can address some of the challenges faced by
more traditional vignettes.

However, wewill see how some of the objections raised by other commentators
do not apply to the proposed methodology, which asks participants what they
themselves would do in a given scenario. These scenarios have also been
informed by the timelines elicited from carers’ timelines of similar incidentsin
the previous chapter, potentially lessening to concerns of the plausibility of such

scenarios.

44 METHOD

Initialy, respondents are asked a series of questions relating to their own
specific circumstances, a description of a person they are responsible for and
their relationship to that person. Thisinformation isthen used to form the basis
of avignette. Information such as the name of the person they care for is used

within the vignette to increase the sense of realism and personal involvement.

Further, the vignettes were interactive and had a branching structure,
participants were asked what they would do in a given scenario from a series of
fixed choices, the scenario then unfolded dependent upon these choices and
participants were then presented with an additional ‘stage’ within the vignette.
The fixed options presented to participants were identified in a previous
interview study which documented the experiences of real-life missing person
cases from the perspective of carers. In addition, the vignettes themselves were
heavily based upon the descriptions of real missing person incidents described

by carersin the previous study.

At each stage of the vignette respondents were also asked a series of questions
about how they were feeling, questionsrelating to the hypothesis they had about
the missing persons whereabouts and how confident they were with the
decision they had just made. The scenario comes to an end when participants
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finally choice “Call the Police”, at this point they are asked further questions
about their attitudes towards the police, before finally they are given closure
and told that the person they care for has been found by the police. After this,
they are asked afew final questions about their views on assistive technologies,

and heir appropriateness for use in this situation.
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Figure 4.1 The Structure of Interactive Vignettes

Figure 4.1 The Structure of Interactive Vignettes, approximates the
methodological structure of the study described in this chapter and proposes a
generic method which could be applicable to other studies wishing to use this

methodology. Where possible, standard flow diagram conventions were
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observed, though, flow diagrams have no standard notation for n possible
choices, therefore the symbol “...” was used to denote an undetermined (but
finite) amount of possible choice paths. Choice “n” in this case, referred to the
decision to “Call the Police”, which resulted in the subsequent termination of
theinteractive vignette. A similar scenario format could be devised for avariety
of other emergency situations which would be otherwise difficult to observe
(e.g. evacuation of planes and buildings, employee behaviours during natural
disasters, etc.).

Two other features present in this study were unable to be adequately
represented by the diagram. In this particular study, respondents could not
choose the same option more than once, hence as the study progressed, their
choices reduced. Additionally, the diagram does not represent the
personalisation aspect that the scenario employed, these values were obtained
during the background questions stage and pipped into the scenarios.
Nevertheless, it is hoped that the diagram may serve both to illustrate the
structure of this particular study and serve as a guideline for others wishing to

develop similar methodol ogies.

4.4.1 Natural Experiment Design

Whilst this study protocol more closely resembles that of an experimental
vignette, it differs from typical experimenta vignette studies in a number of
ways. Unlike Rossi’s origina study in which the experimenter directly
controlled the variables of interest, this study will more closely resemble the
form of anatural experiment, whereby independent variables are identified but
not controlled by the researcher. These independent variables relate to the
“experimental variables’ in Rossi’s original study but in this case, participants
will be asked to complete a short questionnaire about their own circumstances

relating to their care of the dependent person.

4.4.2 Contextual Variables and Personalisation

Additional taken from theinitial form such as carerecipient’s name and hobbies
are used to form the basis of the tailored scenarios with the intention of making
the scenarios presented more applicable to the participants. It is hoped that

making the scenarios more personal, responses will be more similar to the real-
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world responses of participants and the level of emotiona arousal will more
closely resemble that of areal-life situation. Information such as the name of
the person they care for is used within the vignette to increase the sense of
realism and persona involvement. These are similar to the ‘Contextud
variables’ in Rossi’s origina study which are intended to increase the level of
realism, but not used in the anaysis itself. These included the name or
pseudonym of the dependent person, a place the dependent person likes to go,
the name of a close personal friend or family member who could be depended

upon in an emergency and an everyday errand the participant is responsiblefor.

4.4.3 Dynamic

Following the initial form which determined values for the independent and
contextual variables, participants were presented with a scenario in which they
run an errand and the person they care for disappears. They were asked a series
of questions about how worried they are, where they think the person might be
and ultimately what they would do next, given a fixed series of choices, they
were then presented with a new vignette based on that choice.

Parti cipants were asked what they would do in agiven scenario from a series of
fixed choices, the scenario then unfolded dependent upon these choices in a
branching structure and participants were then presented with an additional
‘stage’ within the vignette. At each stage of the vignette participants were also
asked a series of questions about how they were feeling, questions relating to
the hypothesis they had about the missing persons whereabouts and how
confident they were with the decision they had just made. The scenario comes
to an end when participants finally choice “Call the Police”, at this point they
are asked further questions about their attitudes towards the police, before
finally they are given closure and told that the person they care for has been
found by the police. After this, they are asked afew final questions about their
views on assistive technologies, and their appropriateness for use in this

situation.

4.4.4 Qualitative and Quantitative
As well as gathering quantitative data in the form of decision selections and

other probing questions designed to dlicit feelings of worry and confidence in
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one’ sown decisions, the study will also include several open questions that will
allow participants to give reasons for their answers, thus providing a deeper
insight into the narratives of caregivers during missing incidents. Thiswill aso
allow additional considerations to be stated, thereby building upon and
enhancing the findings from the previous study. This mixed approach allows
both for a more rigorous and numerical analysis, facilitating the devel opment
of a predictive model, but should also provide additional insight into the
motivations and constraints of care givers.

4.4.5 Extension of Critical Decision Method

The fixed decision options which were presented to participants were taken
from the Critical Decisionsidentified from the carer interviews described in the
previous chapter. Additionally, the individual scenarios which were presented
to participants were heavily based on the first-hand reports of individuals who

had experienced in searching for people who were missing.

However, the decision to search the position of last sighting was not included
as an option but instead included in the original vignette presented to
participants. Each stage of the vignette is thus comparable to the critical
decisions identified previoudly, and the study design also asks a series of
probing questions during each of the critical decisions, including self-reported
levels of worry, hypotheses about the person’s location and other possible

courses of action that would be taken.

4.4.6 Changes from Pilot Study

A pilot study was conducted before the full study commenced so that usability
and comprehensibility of the survey could be tested. The pilot study had five
participants who were post-graduate researchers within Human Factors.
Parti cipants were asked to complete the questionnaire whilst the researcher was
present, using the “talk through” method. Highlighting any difficulties they
were experiencing, as well as the phrasing of and layout of the questions. A
major and unfortunate change that had to be made to the study after the pilot,
was the removal of questions around time estimates for each task. This question
was prone to failure, both due to technological limitations and usability issues.

Other minor changes were a so made to the study design beforeitslaunch, these
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included removing the requirement of participants to estimate the amount of
time they thought each activity would require and small changesto the wording
of the questions. After some initial data was gathered, recruitment was
outsourced to Qualtrics (discussed below), afew additional minor changes were
also made at this point, though the content of the vignette remained identical.
To ensure high quality data, Qualtrics introduced several ‘attention filters
which would appear intermittently throughout the scenario, to ensure the
participants were attending to the task adequately, these were typically
responses to simple maths questions “2+2 = ?”. Finally, a questionnaire format
was decided upon and developed in Qualtrics. The structure and content of the

questionnaire can be found in Appendix C.

4.4.7 Ethics

Due to the nature of the study, in asking respondents how they might fedl if a
person they cared for disappeared, psychological distress was considered to be
the main ethical concern. Despite the study’s low fidelity, the study had the
potential to cause undue distress to participants. Therefore, various procedures
were devised to mitigate and reduce any potential distress. Respondents are
fully briefed about the nature of the survey prior to its commencement and are
told that the scenario might be distressing to some people before they are asked
to sign aconsent form, details of theinformed consent form theinitial questions
in Appendix C. In addition, participants will had the opportunity to opt-out of
the study at any stage. If they completed the study or chose to opt out early,
participantswill be directed to adebrief page. They are then provided with some
advice from the direct.gov and metropolitan police website about what to do
when a person at risk goes missing. The missing people charity hotline is also
provided, as well as a helpline to help deal with anxiety and stress. The
researcher’s email address is also made available at this point. The scenario
itself also ends on a positive note in order to reduce the potential distress of the
participant. Respondents were told that the absent person has been found in
good health by the police. Ethical approval for this study was granted by the
University of Nottingham’s Ethics committee within the faculty of engineering.
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4.4.8 Recruitment

Initialy, participants were targeted via a social media promotion, including the
use of promotions on Facebook and Twitter. However, recruitment slowed after
the first month, leaving only 50 completed responses. For this reason, the
Questionnaire company Qualtricswere enlisted to recruit 100 carers (either paid
of familial) and 100 parents of children. Qualtrics keep arecord of people who
have signed up to their questionnaire answering service, including age, gender
and occupation. Qualtrics contacted people in their database who matched the
criteriadescribed above. In conjunction with the participant recruitment agency,
severa additional screening criteria were also agreed upon, these included a
minimum completion time of five minutes, comprehensible and intelligible

answers to open questions and passing certain ‘attention filter’ questions.

45 RESULTS

This summarises the results of 272 participants who completed an interactive
vignette investigating decision making within missing person search. These
vignettes consisted of an online questionnaire which used participants personal
information to form the basis of customised vignettes, asking specific questions
about what the participants would do if they themsel ves were confronted with a

MiSsing person scenario.

4.5.1 Participant Demographics

Table 4.1 describes the demographics of participants and who completed the
scenario study alongside responses to initial background questions. Partial
responses have been removed from the dataset. Attrition rate for this study was
very high (48.7%), however, thisis likely to be an artefact of the recruitment
method. The majority of participants who completed the first page of questions
went on to complete the questionnaire, with the vast majority of dropoutsfailing
to make the first vignette. In addition, a smal number of participants were
filtered out duetofailing “attention filters” (10) and afurther three werefiltered
out dueto their responses to open questions being incomprehensible (3). Dueto
the nature of the study design, it was not possible or appropriate to screen for
outliers in a way in which one might do when identifying outliers in a more

traditional experiment.
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Table 4.1 Participant Demographics

Carer Recipient Status

Formal 25
Informal 247
Child 152
Adult 120
Gender of Care Recipient

Male 131
Female 138
Other / Prefer not to say 1
Gender of Carer

Male 89
Female 182
Other / Prefer not to say 1
Mobility of Care Recipient

Mobility is not an issue 165
This person can walk around unaided 39
This person has difficulties 25
This person can only move around with awalking aid 28
This person cannot move without assistance 15
Dependence of Care Recipient

Almost entirely Independent 14
Very independent 22
Independent 22
Somewhat dependent 70
Dependent 91
Very dependent 53
Carer Transportation

Yes 241
No 31
Care Recipient Mobile Phone Use

Has Phone 160
Does not have phone 112
Completion Rate

Started 559
Finished 275
Removed 3
Attrition 48.7%

4.5.2 An Overview of Results

Various methods for analysing the datawill be discussed, including approaches

aimed at developing predictive models. Several of the initia independent

variables will be also analysed in regards to their relationship to the number of

choices participants made before contacting the police in order to discover

109



which factors are the main determinants of decision-making during these

incidents. Finally, this section will aim to demonstrate, a“minimally sufficient

action” hypothesis from the available data. Table 4.2 shows which decisions

were made at what point during theincident for al participants. The prevalence

of each decision is aso given, along with the average position of each decision

within the incidents.

Table 4.2 Decision Freguency at Vignette Stage

1 2 3R 4" 5 6 |TOT |% OF|AVE
T Nb D H TH THIAL |INCIDE | POSIT
NTS ION
CALL MOBILE'1 1 9 4 0 0 |133 |489 1.30
PHONE 1 O
0
SEARCH 7 5 3 2 7 0 |18 |684 2.13
NEIGHBOURHOO |1 5 1 2
D
GETINTHECAR |5 3 2 2 1 0 |109 |400 3.20
3 6 6 9
CHECK KNOWN 1 4 4 1 9 0 |126 |463 271
LOCATION 6 1 2 8
ENLIST HELP 4 5 3 2 1 0 |166 |610 247
1 5 4 3 3
CALL THE | 2 4 5 4 4 4 1272 |100 3.65
POLICE 9 9 2 9 5 8
TOTAL 2 2 1 1 9 4 992
7 4 9 4 3 8
2 3 4 2
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Table 4.2 shows that the most common decision (excluding the forced choice
to call the police) was to search the neighbourhood and immediate vicinity
(68.4%), followed by the decision to enlist the help of afriend or family member
(61.0%). The least common decision was to get in the car (40.0%). The table
also shows the average position in which each decision was likely to occur,
however, this should not be considered an indication of rank or ordering

preference as the decision sequences were of different lengths.

4.5.3 Predictive Models of Decision-Making in Missing Incidents

An explicit aim of this thesis is to create a predictive model of searcher
behaviour during missing incidents. The data collected from Study 2 allows for
the development of various models which will be explored here. Two such
models will be presented and appraised before finaly one of these will be
selected. The etymological route of ‘prediction’ (L. praedicere) literally means,
‘to say before’; stating beforehand what will happen at some future time.
Prediction usually depends upon inductive statistical inferences about observed
data, rather than deductive inferences made from first principles (Aitchison &
Dunsmore, 1980).

One such predictive model is a Markov Model. Markov models are stochastic
models which models ordered or sequential data and describe the dependencies
of current information with respect to previous information. Markov models
consist of discrete states and probabilities relating to transitions between those
states, they make the assumption that the sole determinate of the next state
transition depends upon current state membership. Markov models can be used
to recognise patterns in existing data and use that information to predict or

estimate transitions between future states, given any current state.

Treating the decision choices as a series of finite states, with theinitial vignette
scenario asthe start state and the decision to “ Call the Police” asthe termination
state, the following probability table was created from the vignette response
dataset. This table showsthe likelihood of moving from any given STATE A to
STATE B, for all participants. For example; the likelihood of moving from the
initial presentation of the vignette to “Enlist the help of afriend” was found to
be 28.8% and the likelihood of a participant who had just searched the
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neighbourhood to “Call the Police” as the next decision was found to be 48.7%.
Each item of the table was calculated by summing the total instances of a
STATE A-STATE B transitions and dividing this by the total instances of
STATE A as described by the pseudo-code.

Using Markov modelling methods allows for predictions to be made about what
event is likely to proceed the current event, however other methods have been
used in the study of Emergency Behaviours (Canter, 1980; Lawson, 2011).
Residuals are calculations which express the difference between the observed
and expected values and alow an analyst to determine whether a transition
deviates from that expected by chance. Standardised residuals are given by the
residual divided by an estimate of the standard deviation and show the ratio of
variance from the expected value and thus allow strengths of relationshipsto be
measured. To highlight the differences in the Markov and Residual measures,
consider astate transition AB which occursfor all casesof B, that is, if B occurs,
it occurs before A. If the frequency of choice B in the data set is low, the AB
value given by simple probability or Markov modelling will be a low value,
even though therelationship is strong. Residual s account for this difference, and
thusin such acase theresidual value of AB would be high. A matrix tableis set
up as before, but the total frequency is used instead of the likelihood (i.e. values
are not initially divided by the sum of rows). Instead standardised residual

values are calculated for each value, by the following formula

_(0-B)
=75

_ Row Total * Column Total
N Grand Total

Standardised residuals therefore tell us how much more likely an AB transition
is, given A, than would otherwise be expected by chance. Thisallowsinferences

to be made about the casual relationships between actions.

Table 4.3 Description of State-Transitions is a summary of the 992 state-
transitions that were observed across al incidents. The rows indicate the
previous decision made by participants whilst the columns represent the next
choicethat is made. Included in the tableisthe raw count of each transition and
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the percentage of each transition in the context of all transitions. Additionally,
thetableincludesthe standardised residual, cal culated by the formulaabove and
the percentage of each transition within the last choice, which will be used to
create a Markov model.
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Table 4.3 Description of Sate-Transitions

LastChoice Total
check enlist getincar | mobile search Start
likely help phone nearby
place
Current | call Count 43 63 59 15 63 29 272
Choice | police | Expected 34.0 45.5 304 36.5 51.0 74.6 272.0
Count
% within | 34.7% 38.0% 53.2% 11.3% 33.9% 10.7% 27.4%
LastChoice
% of Total 4.3% 6.4% 5.9% 1.5% 6.4% 2.9% 27.4%
Standardized 15 2.6 52 -3.6 1.7 -5.3
Residual
check | Count 0 23 19 36 30 16 124
likely | Expected 155 20.8 139 16.6 23.3 34.0 124.0
place Count
% within | 0.0% 13.9% 17.1% 27.1% 16.1% 5.9% 12.5%
LastChoice
% of Total 0.0% 2.3% 1.9% 3.6% 3.0% 1.6% 12.5%
Standardized -3.9 D 14 4.8 14 -3.1
Residual
enlist Count 32 0 20 35 38 41 166
help Expected 20.8 27.8 18.6 22.3 311 45.5 166.0
Count
% within | 25.8% 0.0% 18.0% 26.3% 20.4% 15.1% 16.7%
LastChoice
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% of Total 3.2% 0.0% 2.0% 3.5% 3.8% 4.1% 16.7%
Standardized 25 -5.3 3 2.7 1.2 -7
Residua
get in| Count 16 25 0 16 49 5 111
car Expected 13.9 18.6 12.4 14.9 20.8 30.4 111.0
Count
% within | 12.9% 15.1% 0.0% 12.0% 26.3% 1.8% 11.2%
LastChoice
% of Total 1.6% 2.5% 0.0% 1.6% 4.9% 0.5% 11.2%
Standardized .6 15 -3.5 3 6.2 -4.6
Residual
mobile | Count 7 6 4 0 6 110 133
phone | Expected 16.6 22.3 14.9 17.8 24.9 36.5 133.0
Count
% within | 5.6% 3.6% 3.6% 0.0% 3.2% 40.4% 13.4%
LastChoice
% of Total 0.7% 0.6% 0.4% 0.0% 0.6% 11.1% 13.4%
Standardized -24 -3.4 -2.8 -4.2 -3.8 12.2
Residual
search | Count 26 49 9 31 0 71 186
nearby | Expected 23.3 311 20.8 24.9 34.9 51.0 186.0
Count
% within | 21.0% 29.5% 8.1% 23.3% 0.0% 26.1% 18.8%
LastChoice
% of Total 2.6% 4.9% 0.9% 3.1% 0.0% 7.2% 18.8%
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Standardized .6 3.2 -2.6 1.2 -5.9 2.8
Residual

Total Count 124 166 111 133 186 272 992
Expected 124.0 166.0 111.0 133.0 186.0 272.0 992.0
Count
% within | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0% | 100.0%
LastChoice
% of Total 12.5% 16.7% 11.2% 13.4% 18.8% 27.4% 100.0%
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This state-transitional diagram Figure 4.2 (below) is avisual representation of
the" % within LastChoice” datagivenin Table4.3. The arrows depicted indicate
the likelihood of moving from any state to any other state, it shows the
probabilities of state transitionswhich have alikelihood of more than 25%. This
state-transitional diagram was constructed with the “% within LastChoice” data
taken from Table 4.3.

Call
Mobile

40 ——»

Figure 4.2 Markov Model of Searcher Behaviour

Transitions of less than 25% excluded for clarity.

Results show that the most likely state transition was the decision to call the
police after searching the neighbourhood in the car (53%), followed secondly
by the decision to call the care recipient’s mobile phone immediately after

noticing a care recipient was absent (marked as “start” in Figure 4.2).

Similarly, the standardised residuals given by Table 4.3 were used to produce
the Standardised Residual Model of Searcher Behaviour presented in Figure 4.3
(below). Arrowsin Figure 4.3, indicate the standardised residuals cal culated for
each state transition. Relationships of less than two were excluded from the

diagram for clarity and statistical significance.
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Figure 4.3 Standardised Residual Model of Searcher Behaviour

The highest value given by the standardised residuals was the transition from
noticing an absenceto the decision to call the police, this suggeststhat the causal
relationship between these two eventsis the strongest.

The Markov model depicted in Figure 4.2, indicates the probability of moving
from one state to another, whereas the standardised residual model shown in
Figure 4.3, indicates state transitions in which the observed frequencies are
significantly different from the expected frequencies. The Standardised
Residual Model and the Markov Model will be discussed further, later in the
chapter in regards to their usefulness and utility in accomplishing the thesis

ams.

4,54 Care Recipient Age as Determining Factor

The following sub-sections will investigate the relationship between stated
independent variables and number of number of decisions made. As “Calling
the police” is the termination state of the vignette it can be assumed that less
total decisions made equates to a faster level of escalation. Most of the
distributions related to number of decisions made are not normally distributed

and therefore do not meet the criteriafor parametric testing.
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This section will investigate the differences between total decisions made
between carers of adultsand carers of children. Given theliterature surrounding
missing adults, it is hypothesised that the carers of adults typically wait longer
before caling the police than the carers of children. Table 4.4 gives the
frequencies of the total number of decisions for the carers of adults and the

carers of children.

Table 4.4 Number of Decisions Made by Carer Type

All Carersof Adults Carers of
Children
1 29 14 15
2 49 11 38
3 52 18 34
4 49 20 29
5 45 27 18
6 48 30 18
Total 272 120 152
Ave. 3.65 4.04 3.335

Similarly, Figure 4.4 showsthese valuesin aline-graph. Asisevidenced by the
graph, the distribution of adult total choicesis not normally distributed, and the
carers of adults typically wait longer before calling the police.
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Figure 4.4 Number of Decisions by Carer Type
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Mean = 3.3355
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N=152
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Mean = 4.0417
Stel. Dev. = 167731
M=120

To test the hypothesis that the carers of adults typically wait longer before

calling the police than the carers of children, two hypotheses are presented.

Ho — The carers of adults do not make more decisions before calling the police

than the carers of children.

H1 - The carers of adults make more decisions before calling the police than the

carers of children.

The appropriate statistical test for this hypothesis with this datais the Kruskal-

Wallis, which stipulates acritical valueof 11.07 (p < 0.05, df =5). The observed
value of 22.84 far exceeds the critical value, therefore Ho can be rejected and

H1 can be accepted.
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45,5 Gender of Care Recipient
The next independent variable of consideration is the gender of the care
recipient. Table 2.1 gives the number of decisions made for the carers of males

and the carers of females.

Table 4.5 Number of Decisions by Caree Gender

Carers of Males Carersof Males Carers of
and Carers of Females
Females

1 29 12 17

2 48 19 29

3 51 25 26

4 49 29 20

5 44 21 23

6 48 25 23

Total 269 131 138

Ave. 3.65 3.79 3.52

These distributions are not normal and therefore the appropriate statistical test
is the Kruskal-Wallis. Unlike the previous independent variable, there are no
indications that there are any associated differences, and therefore a 2-tailed

hypothesis (p > 0.1) is given.

Ho — There is no difference in the number of decisions made by the carers of
males and the carers of females.
H: - Thereisadifferencein the number of decisions made by the carers of males

and the carers of females

X2abs = 4.70, X2ait (df = 5; p < 0.1) = 9.24

X2obs is less than X2urit and no significant differences between the number of
choices made before calling the police and the gender of care recipient have

been observed. Therefore, Hiisrejected and Ho is retained.

4.5.6 Gender of Carer

The final difference that will be investigated is the gender of the carer. As
before, the data is not normally distributed and therefore the appropriate
statistical test is the Kruskal-Wallis. Also as before, there exists no previous

research that suggests a difference between the amount of time male and female

121



carers would take before calling the police so a two-tailed hypothesis will be
investigated (that there is a difference between the amount of decisions mae

and femal e carers make before calling the police).

Ho — Thereis no difference in the number of decisions made by male carers and

female carers.

H: - There is a difference in the number of decisions made by male carers and

female carers.

Table 4.6 Number of Decisions by Carer Gender

Male Carers MaleCarers FemaleCarers

and Female

Carers
1 29 9 20
2 48 14 34
3 52 15 37
4 49 19 30
5 45 16 29
6 48 16 32
Total 271 89 182
Ave. 3.65 3.75 3.60

X2obs = 1.66, X2crit (df =5; p<0.1) =9.24

X2obs is below the critical value and therefore there are no observed significant
differences between number of choices made before calling the police for mae

and female carers, therefore, Hiis rgjected and Ho is retained.

4.5.7 Mobility

Unlike the previous sections in which statistical analysis was used to check for
differences between groups, the hypothesis being tested in this section is that
there is a correlation between level s of mobility and amount of decisions before
calling the police; where lower mobility amounts to less decisions. Table 4.7

gives the breakdown of number of decisions by mobility.
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Table 4.7 Number of Decisions by Mobility

Mobility Can walk Has Assisted Cannot
not an unaided difficultie Only move
issue S

1 10 4 2 6 7

2 36 4 2 5 2

3 36 5 5 5 1

4 33 4 4 5 3

5 25 10 5 5 0

6 25 12 7 2 2

Total 165 39 25 28 15

Ave 3.04 4.23 4.16 3.14 2.53

Figure 4.5 shows the same data plotted on a graph with error bars showing a

95% confidence interval®.

5.00

4.00

3.007

Mean Choices

2.00

1.009

1.00 2.00 3.IDD 400 500
Mobility
Error Bars: 95% ClI

Figure 4.5 Number of Decisions by Mobility

1 Mobility score of “1” is“Mobility not anissue”, “2" is“Can walk unaided”, etc.
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Mobility was classified on a five point ordinal scale by participants and
therefore a Pearson is inappropriate, instead a Spearman’s Rho test was
conducted to see whether mobility correlated with the amount of choices taken
(Table 4.8). A one tailed hypothesis was conducted due to the assumption that
the carers of those with lower mobility would contact police sooner in the event

of anoticed absence, subsequently, hypothesis are as follows.

Ho — Mobility is not negatively correlated with the total number of decisions

made before police contact.

H1 — Mobility is negatively correlated with the total number of decisions made

before police contact.

Table 4.8 Choices by Mobility Spearman's Rho

[Mobility |Choices

Spearman'srho Mobility Correlation 1000 |-.035

Coefficient

Sig. (1-tailed) : 283

N 272 272

Choices Correlation

Coefficient r03> L0

Sig. (1-tailed) 283

N 272 272

The Spearman’ s rho calculation indicated a non-significant correlation of -0.35
between mobility and number of choices before contacting the police meaning
that H1 should be rejected and Ho should be retained. However, it is likely that
this datamight be skewed due to children being reported as having higher levels
of mobility than adults with care and support needs.

4.5.8 Mobility in the Adult Population Only
In order to see whether mobility was a predictor of choices for the adult
population, children were excluded from the dataset and the Spearman’s rho

was rerun with new hypotheses (Table 4.9).
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Ho — Mobility is not negatively correlated with the total number of decisions

made before police contact in the adult population.

H1 — Mobility is negatively correlated with the total number of decisions made

before police contact in the adult population.

Table 4.9 Choices by Mobility Spearman's Rho - Adults Only

[Choices [Mobility

Spearman’'srho  Choices Corre! a'tl on 1.000 L 206"

Coefficient

Sig. (1-tailed) . .012

N 120 120

Mobility Correlation .

Coefficient 20611000

Sig. (1-tailed) 012

N 120 120

* . Correlation is significant at the 0.05 level (1-tailed).

Table 4.9 demonstrates a statistically significant correlation, with a correlation
coefficient of -0.206 for mobility and choicesin the adult population only. This
suggests that as mobility decreases the likelihood that the police will be called

earlier increases. Therefore, the Ho can be rejected and H1 can be accepted.

459 Dependence
Similar to mobility, this section will investigate dependence (given asan ordina
score) as it relates to total number of decisions. Table 4.10 shows the number

of decisions made by level of dependence.
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Table 4.10 Number of Decisions Made by Dependence

Very Depend Somew Independ Very Almost
Depend ent hat ent Independ Entirely
ent depend ent Independ
ent ent

1 12 13 4 0 0 0

2 16 21 1 0 3

3 12 26 9 3 2 0

4 7 18 14 5 5 2

5 2 7 17 7 7 5

6 4 6 18 8 8 4

Tot 53 91 70 22 22 14

al

Ave 2.68 3.03 4.23 5.18 4.95 4.50

Figure 4.6 shows the same datain aline graph with confidence intervals of 95%

provided by the error bars’.

241" relatesto “Very dependent”, “2” to “Dependent”, etc.
126



6.00-

5.007

4.00-

3.007

Mean Choices

2.00+

1.007

EI{

0.00

1 I | 1
2.00 3.00 4.00 5.00

Dependence

Error Bars: 95% CI

Figure 4.6 Number of Decisions by Mobility

Similar to the mobility classifications, dependence was answered on an ordina
scale by participants and therefore the appropriate statistical test is Spearman’s
Rho (Table 4.11), in the ordinal scale provided, a dependence score of 6
indicates highly independent, and a dependence score of 1 indicates highly

dependent. Hypotheses are as follows:

Ho — Dependence is not negatively correlated with the total number of decisions

made before police contact.

H: — Dependence is negatively correlated with the total number of decisions

made before police contact.
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Table 4.11 Choices by Dependence Spearman’'s Rho

[Choices [Dependence

Spearman'srho Choices Corre! a_tl on 1.000 a00™

Coefficient

Sig. (1-tailed) : .000

N 272 272

Dependence Correlation o

Coefficient A% 11000

Sig. (1-tailed) .000

N 272 272

** Correlation is significant at the 0.01 level (1-tailed).

Table 4.11 indicates that there is a strong correlation (correlation coefficient of
0.494) between levels of independence and number of choices made by carers.
Therefore, Ho can be rejected and Hi can be accepted.

4.5.10 Initial Worry and Total Choices

This section will explore the relationship between self-reported worry during
the incidents and choices made. A modified pairwise ranking will determine
decision-order preference, and a correl ation between these ranks and worry will
be tested. In addition, the influence of antecedent factors previously identified

as significant to choice amount upon worry will be investigated.

The first hypothesis to be tested first reported worry immediately following a
noticed absence correlates with total decision choices, where higher reported

initial worry entails less decisions before contacting the police.

Ho — There is no negative correlation between first reported worry and total

decision choices.

H: — There is a negative correlation between first reported worry and total

decision choices.
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Figure 4.7, shows the mean worry for the total number of decisions made in

incidents. Confidence intervals of 95% are also given by the error bars.
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Figure 4.7 First Reported Worry by Total Choices
As choices and self-reported worry are both intervals, the appropriate statistical

test is the Pearson correlation, the results are given in Table 4.12.

Table 4.12 Worry and Choice Amount Pearson

Worry  |Choices

* %

\Worry  Pearson Correlation |1 -.310
Sig. (1-tailed) .000
N 272 272

IChoices Pearson Corrdation |.310" [1
Sig. (1-tailed) 000
N 272 272

**_Correlation is significant at the 0.01 level (1-
tailed).

129



Table 4.12 indicates that there is a highly significant correlation of -0.310
between worry and total choices made, indicating that higher reported initial
worry results in less decisions being made before contacting the police. This
means that Ho can be rejected and H1 can be accepted.

4.5.11 Worry and the Perceived Cost of Action

An additional hypothesis will be explored in this section; that higher perceived
decision costs are correlated with higher levels of self-reported worry. An
assumption here that will be investigated is that that decisions made later on in
incidents typically involve a higher perceived cost to the carer; whether that is

time, effort or socia stigma.

In order to determine the relative ordering of where each decision occurred in
the dataset (regardless of how prevalent each particular decision was overal), a
pairwise ranking table was created to determine which decisions where likely
to be chosen earlier on in the incident. The table consists of cells whose values
were determined by a pairwise analysis. The sum of each time decision A
occurred before decision B within the dataset subtracted by the sum of decision
B occurring before decision A. Normally, pairwise rank evaluation does not
include a subtractive element, but due to rank lists consisting of different
lengths, commonly occurring decisions would be assigned higher values than
less frequently occurring (but more prioritised) decisions using an additive
pairwise rank method only. Thus, in order to properly represent the relative
ordering of the decisions, whilst ignoring the likelihood of a particular decision
being made for any given incident, the subtractive element of the pairwise
ranking rectifiesthis overrepresentation of prevalent but less prioritised choi ces.
The results of these rank order calculations were then normalised, this also

allows for a comparison between different sub-sections of the results.
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Table 4.13 Variation on Pairwise Ranking Method for Decision Order Preference

mobile Search the Get in Check @ Enlist @ Cal

phone neighbourin thecar toseeif the the
g help police

mobile / -422 -297 -348 -435 -405
phone
Search the 422 / -56 -26 -12 -420
neighbourin
g
Get in the 297 56 / 14 28 -89
car
Check tosee 348 26 -14 / -6 -118
if
Enlist the 435 12 -28 6 / -273
help
Cal the 405 420 89 118 273 /
police
SUM 1907 92 -306 -236 -152 -1305
TOTAL
Rank 1 2 5 4 3 6

Table 4.13 shows the relative priority of where each decision is likely to occur
within the incident when it is chosen. The table shows that the decision to “call
the person’s mobile phone” is made first, followed very shortly before the
decision to enlist help. “Get in the Car”, was the last possible decision to be
made (as “Call the Police” is a forced last choice). This ranking ignores how

often each decision is chosen within the dataset.

Whilst the association between perceived costs and rank order (given in Table
4.13) cannot be fully established, the results indicate prima facie support for
such an assumption. For example, itislikely that getting in the car and searching
the surrounding areas involves a higher perceived cost than searching the
neighbourhood on foot. Similarly, one would expect the decision to call the
mobile phone of the missing person to involve relatively low perceived costs,
which concurs with the rank ordering results demonstrating that calling the
mobile phone typically occurs asthefirst choice of carers. Figure 4.8 showsthe
relationship between self-reported prior to each decison and consequent

decision-choice by rank.
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Figure 4.8 Self-Reported Worry and Decision Rank

Asdecision rank is ordinal data, the appropriate statistical test isa Spearman’s
Rho (Table 4.14).

Ho — There is no positive correlation between average worry associated with a
decision and the rank-order in which the decision occurs.

H1: — There is a positive correlation between average worry associated with a

decision and the rank-order in which the decision occurs.
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Table 4.14 Correlation of Self-Reported Worry and Decision Rank

Rank Worry

*k

Spearman'srho Rank Correlation 1.000 215
Coefficient
Sig. (1-tailed) : .000
N 992 992

Worry Correlation 215" 1.000

Coefficient
Sig. (1-tailed) .000
N 992 992

** Correlation is significant at the 0.01 level (1-tailed).

Table 4.14 confirms the hypothesis that there is a correlation between self-
reported worry and decision rank, and hence Ho can be rejected and Hy can be
accepted. Thislends support to theideathat higher levels of self-reported worry
are associated with the propensity to make decisions with a higher perceived

cost.

4.5.12 Worry and Mobility

Correlations between initial self-reported worry and antecedent factors, such as
mobility and dependence will also beinvestigated. It ishypothesised that higher
lower levels of mobility will result in ahigher reported worry immediately after
a noticed absence. As mobility was captured using an ordinal scale the
appropriate statistical test for both of this hypothesis is the Spearman’s Rho
(Table 4.15).

Ho — Thereis no negative correlation between the initial worry reported and the

mobility of the care recipient.

H: — There is a negative correlation between the initial worry reported and the

mobility of the care recipient.
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Table 4.15 Spearman's Rho Test for Worry and Mobility

Worry  Mobility

Spearman'srho Worry  Correlation 1.000 197"
Coefficient
Sig. (1-tailed) . 001
N 272 272

Mobility Correlation 197" 1.000

Coefficient
Sig. (1-tailed) 001
N 272 272

** Correlation is significant at the 0.01 level (1-tailed).

Table 4.15 demonstrates that there is a significant but relatively weak
correlation between first reported worry and mobility, where lower levels of
mobility correlated with higher levels of initial worry (given that higher scores
of mobility correspond to less mobility, see Table 4.7). This means that Ho can
be rejected and Hi can be retained.

4.,5.13 Worry and Dependence
Similarly, it is hypothesised those who care for people who are more dependent
will tend to report higher worry following a noticed absence than those who are

more independent.

Ho — There is no negative correlation between the initial worry reported and the
independence of the care recipient.

H: — There is a negative correlation between the initial worry reported and the
independence of the care recipient.
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Table 4.16 Spearman's Rho Test for Worry and Dependence

Worry  Independence

Spearman'srho Worry Correlation 1.000  -.373"
Coefficient
Sig. (1-tailed) . 000
N 272 272

Independence Correlation -373"  1.000

Coefficient
Sig. (1-tailed) .000
N 272 272

**_Correlation is significant at the 0.01 level (1-tailed).

Table 4.16 indicates a significant correlation between independence and first
reported worry. Ho can be rejected and Hi can be accepted. Higher levels of
dependence entail higher first reported worry.

4.6 DiscussioN

4.6.1 General Discussion of Findings

Results demonstrate that only a relatively small amount of carers and parents
will make the decision to “get in the car and search the surrounding areas’, and
when this does happen, it tends to be the penultimate decision before contacting
the police. Conversely, the decision to call the mobile phone of the care
recipient was usually made as the first decision following a noticed absence.
Enlisting the help of a friend or colleague was a decision made in 61.0% of
incidents and often occurred immediately after searching the surrounding area.
Thisfinding isin concurrence with the earlier interview studies, in which carers
typically enlisted help early on in the incident. This suggests that enlisting help
Is often prioritised by carers and parents, highlighting the fact that missing
person search prior to police involvement is often a collective, rather than an
individual task.

Significant differences were observed between the carers of adults and the

carers of children in the number of decisions made before contacting the police.
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The carers of adults typically exhausted more options before contacting the
police. This finding is in concurrence with other missing persons research,
which suggests that the carers of those with dementia typically conduct
extensive informal searches before calling the police (R. J. Koester &
Stooksbury, 1995).

A significant correlation was a so established between the amount of decisions
taken before call the police and the level s of independence, where higher levels
of independence meant more actions before an official report. Likewise, a
correlation was observed between the reported levels of care recipient mobility
and total decisions before police involvement. The direction was as predicted,
with higher levels of mobility resulting in more exhaustive searches before
police involvement. These findings, whilst unsurprising, further elucidate the
antecedent factors which determine carer behaviour in missing incidents. This
information could be useful to the designers of assistive technologies designed
to help with missing incidents by highlighting likely differences in carer
behaviour based upon care recipient characteristics. Additionally, this
information could be used to build upon the Missing Person Conceptual Model
as described in Figure 2.3.

4.6.2 Predictive Models of Searcher Behaviour

Two models of searcher behaviour were presented in section 4.5.3; the Markov
Predictive Model (Figure 4.2) and the Standardised Residual Model of Searcher
Behaviour (Figure 4.3). Models of human behaviour incorporating standardised
residuals of state transitions have been used in other research investigating
evacuation behaviour in the case of fire (Canter, 1980; Lawson, 2011). These
models were used to compare various fire evacuation simulations with real-life
incidents and with other fire evacuation simulations respectively. Standardised
residuals of state transitions show the statistical deviation from expected
frequencies and thus suggest how much more likely one event is, given that a
particular event preceded it. The values determined by this analysis are called
“strength of association” values by Canter (1980). Hence, they hint at
underlying causal relations between events. This approach is particularly
suitable for incidents which may involve the high presence of extrinsic events

not directly caused by the decisions of an actor. For example, “encounter
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smoke” and “hear fire darm” are events which were not necessarily the result
of adecision. Thisis useful for determining the effect that any particular event
may have on subsequent behaviour. In the case of previously described fire
evacuation studies, this may be useful in determining the causal influence of
hearing a fire alarm on decision choice. However, if the goa is merely to
determine what individuals are likely to do in a given situation, the overal
likelihood of one decision occurring after a given decision is the most useful
method. The standardised residual approach essentialy controls for the
prevalence of each decision choice, consequently, “strength of association”
values may be high for certain transitions even though the overall frequency of

that transition is low.

Conversdly, the Markov Model merely gives the likelihood of subsequent
decision given a particular state, but does not provide any information to how
much this likelihood has increased. This value takes into account the overall
frequency of the subsequent decision within the dataset and allows predictions
about which action will be taken next. Whilst both the Markov and Residual
Models shed light on important aspects about the rel ationship between decisions
within missing incidents, the Markov model more strictly adheres to the
description of “prediction” given throughout this thesis. However, the
performance of predictive models need to be estimated in order to assess their
accuracy. One such method of validation is known as k-fold cross validation.
This method involvesiterations of partitioning the data into training and testing
subsets and testing each training set against a validation subset. K-fold
validation methods are exhaustive; meaning that every piece of datais used both
in the training and validation phase exactly once. Measures of goodness of fit
are taken at each stage of the validation, and averaged to give an overal
indication of performance. A simple, straight-forward and easy to understand
measure of goodness of fit is Mean Absolute Error (MAE), which is calculated
by determining the absolute difference between state transitions between the
training and validation sets, and averaging for the entire model. By averaging
the MAE across al iterations of the validation, a result is generated which
indicates the average error for the entire model; thus providing an indication of

the likely performance of the predictive model to unseen data. For this reason,
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a K-fold cross validation was performed on the Markov model (Figure 4.2)
using C# scripting in Visua Studio; the entire dataset was split into 16
partitions, of 17 entries each which were each iteratively evaluated, resultingin
a mean absolute error of 8.57 (given in percentage). This indicates every
transition on an unseen dataset will differ by an average of 8.57 percentage
points from the model. Whilst there are is no consensus on what an acceptable
MAE would be within this specific context, an MAE of 8.57 percentage points
indicates that this model is likely to generalise reasonably well to unseen data
and is likely to perform with arelative degree of accuracy. If more participants
had have participated in the vignette survey, it is likely that the MAE would
increase owing to the law of large numbers; which stipulates that the more
results that are obtained, the more likely the averages of those results will tend

towards the expected value, or true average of the population.

4.6.3 On the Perceived Cost of Action

Using a novel approach to rank order analysis, the relative priority of each
decision was able to be identified, despite the heterogeneous lengths of
individual ‘decision-lists. This allowed the analysis to show where adecision
would be likely to occur even in incidents where it did not. A speculative
hypothesis is that the rank order of decisions made represents a perceived
associated cost of the decision, with those decisions with lower associated time,
commitment and guilt costs appearing earlier on in the incident. The decision
to “call the mobile phone” (of the care recipient), presumably has a very low
associated time, commitment and guilt cost, whereas the decision to “call the
police” is seen as a very big commitment which may also be associated with
feelings of guilt on part of the care recipient (Stevenson et al., 2013). The rank
ordering analysis broadly lends support to the idea that less costly actions will

be prioritised in missing incidents.

Higher levels of self-reported worry correlate with participants taking decisions
with alower rank ordering (i.e. those with an assumed higher associated cost),
thus bypassing some of the initial decisions less worried participants tend to
take. A very high level of self-reported worry initially, islikely to result in the
participant choosing to call the police immediately. Levels of self-reported

worry also correlate with some of the initia background (independent)
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variables, such as levels of independence and mobility. This demonstrates that
the higher the individual risk to the care recipient, the more likely the carer isto

engage in more ‘costly’ decisions.

46.4 Aims

Thisstudy set out to form the basis of apredictive model of care-giver behaviour
during missing incidents for vulnerable people and explore factors which may
affect decision-making immediately following aperiod of noticed absence. Two
model s were presented which showed the rel ationship between decisions during
missing incidents. The Markov model, showed the likelihood of respondents
choice given a previous choice, whereas the residual model showed statistically
significant differences between expected vaues, estimating the causal
relationships between choices. After a brief discussion, it was concluded that
the Markov Model was more in keeping with the description of prediction used

previoudly in thisthesis and thus, satisfies objective 3.

Form a model of guardian and carer behaviour during Missing
Incidents.

In addition, the relationships between various individual decisions and total
decision frequencies showed significant differences between the carers of adults
and the carers of children (Table 4.4), but no gender differences for both carer
(Table 4.6) and care recipient (Table 4.5). The study also established the
relationship between mobility and total choice amount, aswell as between care

recipient independence and choice amount and in so doing satisfied objective 4.

Measure the extent to which various carer or care recipient
circumstances affect search strategies.

Taken together these models can be considered predictive models of human
behaviour during missing incidents, thereby achieving the predictive aspect of
thisthesis; “To form the basis of apredictive model of human behaviour during
missing person search, including the identification of factors which affect carer
search strategies”.
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4.6.5 Concurrence with earlier findings

The genera order of the decision making process is similar to earlier findings
in the previous study; enlisting the help of afriend or colleague was one of the
first decisions in the incident, followed by searching nearby on foot before
getting in the car, and finally, calling the police. The exception to thisis where
the decision to “call mobile phone” was made. Perhaps, this is a consequence
of presenting participant’s with the suggestion to “call mobile phone”, rather

than thinking about this action themselves.

The results generally support the findings from the initial interview study,
suggesting that an interactive vignette approach can build upon and further
quantify work from critical decision method interviews. An online approach is
also considerably lesstime consuming for the researcher, therefore substantially
more participants can be recruited in arelatively small amount of time. Using a
more quantitative method also allows the researcher to correlate variables in a
way that is not available in more qualitative research. An examination of
background factors (levels of mobility and independence age and gender of
carer and care recipient) also becomes available to the researcher and the extent

to which these influence the decisions can be thoroughly investigated.

4.6.6 Discussion of Method

This approach to experimental vignette design hasawide variety of applications
within Human Factors research and would be particularly useful in situations
where direct observation isdifficult or impossible, such asin emergency or time
critical situations. Vignettes are often used in order to gauge opinions about
controversial topics, by alowing the participant to distance themselves from
their own judgments, in this case however, the vignette is created to be more
personal, rather than less, in an effort to elicit more realistic and specific
responses from the respondent. This inverts the usual logic of the purpose of
vignettes, yet maintains and builds upon its strengths. Opinions and attitudes
are able to be expressed within the context of a hypothetical incident. This
method allows participants to “fill in” the missing information and thus
overcomes the criticism by Chapman and Milham (2006) who suggest that
when fictional personas become more specific they become less generalizable.

In this case, the scenario isfictional, but the no fictional personas are used and
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the specificity of the actors is provided by the participant themselves. This
approach aso overcomes Finch's criticism of vignettes (Finch, 1987), that
asking what someone else would do is categorically different to asking them
what they think they themselves would do.

This particular approach to vignettes al so combined qualitative and quantitative
methods. The qualitative results have been analysed and discussed within this
chapter, but other, richer data was aso provided by participants and will be
discussed further in chapter 7. This method alowed participants not only to
discuss what actions they would take in a given scenario, but why those actions
would be taken.

The scenarios used in the study and decisions available to participants were
heavily informed by the CDM interviews discussed in Chapter 3 and decision
points were taken directly from descriptionsin previousincidents. The previous
interview studies facilitated the creation of ataxonomy of actions that allowed
the understanding of decision-making within missing person searches to be
better constrained and understood. Analysis also revealed the relative ordering
of decisionsfor the group asawhole, and examined differences between groups.

4.6.7 Limitations of the Approach

An obvious criticism of the approach isitslow ecological validity. A text based
simulationis unlikely to induce the same feelings of worry and anxiousness that
people conducting missing person searches for vulnerable people experience.
People experiencing a highly stressful situation may be prone to make poorer
decisions (Wemm & Waulfert, 2017).

The immediate context surrounding the missing incident was not discussed, as
doing so would considerably reduce the generalisability of the scenarios.
Participants were told that they had just completed a certain household task and
discovered the person they care for is absent. Other antecedent factors which
were shown to be considerationsin thecritical decision method interviews (such
as recent mood and past behaviours) were omitted as additional specificity may

mean that the scenario would become less applicable.
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Presenting people with a series of fixed choices may influence their responses
inaway that asking open questionswould not. The participant is presented with
aseries of selection tasks, rather than asked to report on what exactly they think
they would do. The clear limitation is that it does not allow participants to
deviate in any way from the choices available to them®. But thereis an addition
problem; it might be the case that people are not always able to produce an
exhaustive list of sensible actions to take during a missing incident. They may,
for example, forget that the care recipient has a mobile phone, they may not
have considered ‘getting in the car’, until it was suggested to them. This
distinction is broadly analogous to the recognition/recall distinction within
memory (Du Plessis, 1994).  Tak-through and other similar approaches
(Lawson, 2011) do not suffer from these limitations.

4.7 CHAPTER SUMMARY

This chapter presented a vignette study into the decision-making of care givers
during missing incidents. The data from the study was used to inform a
predictive model of care giver behaviour, and to identify the influence of
antecedent factors which influence search strategy. The decision to enlist the
help of another person was made often, and usually prioritised in the incidents.
This suggests that missing incidents typically involve multiple people, even
prior to policeinvolvement. The next chapter will build upon thisunderstanding
and explore currently available technologies which may assist with Missing

Incidents and discuss user-group perceptions of these technologies.

3 Inthe study described, participants could use an open response field to typein what they would
do instead, but the scenario only unfolded based upon the fixed choices.
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5 THEDESIGN OF ASSISTIVE TECHNOLOGIES

5.1 CHAPTER OVERVIEW

This chapter will survey currently avail able technologies designed to help with
missing incidents and discuss public attitudes towards them. It will aso
incorporate unseen data from the previous studies in order to inform the
development of a prototype technology that isintended to support carers during
missing incidents. By taking a user-centred approach to the design of assistive
technologies which considers the needs of the target user-group and currently
available technological interventions, a design concept will be suggested and

developed into a prototype.

5.2 INTRODUCTION

This chapter will use hitherto undiscussed results from the previous studies, in
conjunction with a summary of currently available technologies in order to
assess the requirements and user expectations of assistive technol ogies designed
to help with missing incidents. Previous chapters have focused on behaviour,
decision-making and emotional attitudestowards missing incidents; this chapter
will discuss the findings within the context of technology development.
Systematic evaluations of missing incident assistive technologies are rare, one
such evauation of note is the Cochrane report on Non-Pharmacological
Measuresto Prevent Wandering in Dementia, (Robinson et a., 2006). However,
the Cochrane report focuses solely on dementia and may not be applicable to
other at-risk groups. Additionally, in the time since the report was published,
location-based technology services have become far more ubiquitous, and
technological literacy hasincreased, particularly amongst the elderly (Anderson
& Perrin, 2017). This chapter will describe the types of technology currently
available, attitudes towards those technologies and specific concerns of those
conducting missing person searches. In doing so, this chapter will meet two
objectives of the thesis; Objective 5 “Elicit the general attitudes held by
carers about the use and appropriateness of assistive technologiesto assist

with missing person search” and Objective 6, “ Survey currently available
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technologies designed to help with carers and guardians manage missing

incidents” .

5.3 BACKGROUND

The design of appropriate technologies for assisting with decision-making in
complex, time-critical environments is a non-trivial task. Don Norman
describes the task of designing for assistance with complex tasks such as these
“Cognitive Engineering”, “neither Cognitive Psychology, nor Cognitive
Science, nor Human Factors” (Donald A Norman & Draper, 1986, p. 32).
Despite this, there are many concepts and methodologies of Cognitive
Psychology and Human factors which can be applied. For example, it haslong
been established that the amount of information that can reasonably be stored
in short-term memory is around seven (Miller, 1956), this knowledge should be
used to inform the development of complex systems so that a user is never
expected to memorise a series of items that would exceed their capacity.
Cognitive engineering, such as, the design of assistive technol ogies designed to
assist with or prevent missing incidents should take into account the specific

abilities, limitations and preferences of users.

Some suggestions proposed by Donald A Norman and Draper (1986) on the
subject of cognitive design include; starting with the needs of the user, letting
the requirements for interaction drive the design of the interface, and in turn the
design of the interface drive the technology. This encourages the design of
technology to be driven by genuine user-needs, to meet specified requirements,
rather than expecting users' behaviour to change to meet the requirements of
technology. This chapter will investigate the experiences of those conducting
missing person searches and the currently available technologies, it will also
investigate attitudes towards those technol ogies, before finally discussing their
strengths and shortcomings. In so doing, a user-centred design process will
inform the design and implementation of atechnological deviceintendedto help
carers and guardians during these incidents, this design of this technology will
be discussed in chapter 6.
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5.4 SURVEY OF EXISTING TECHNOLOGIES

Whilst there exist technologies designed to help with, manage and mitigate
missing incidents the majority of this technology is focused upon peopleliving
with dementia, who represent a group particularly at risk. In addition,
technol ogies designed to help manage these behaviours are largely targeted at
care homes, who may have multiple residents with difficult to manage

behaviours, and the budget to install some of the more comprehensive systems.

It has been over ten years since afull-systematic review of non-pharmacol ogical
methods to prevent wandering behaviours was conducted by Cochrane
(Robinson et al., 2006). In that time, portable location-based technology has
become ubiquitous for much of the population. However, comprehensive
comparisons for interventions designed to manage or mitigate these difficult to
manage behaviours in a real-world context have not been forthcoming. In the
absence of randomised controlled trials which seek to compare outcomes
between variousinterventions, it isimpossible to know with any certainty which

interventions are likely to be effective.

Whilst such atria is far beyond the scope of this thesis, it remains an open
research question. In lieu of such evidence, the following tables summarise
currently available technologies, their intended usage and any associated costs.
The following tables were produced by a review of currently available
commercia technologies for consumers, and was conducted by a smple web
search. Alzheimer’s.org provides a list of available technologies designed for
mitigating missing incidents and this served as a starting point ("What assistive
technology is available?"). The following tables are by no means a
comprehensive list of al available technologies, but do give an indication of
which technologies are currently readily available to consumers.
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Table 5.1 Categories of Assistive Technology

Type Description Examples

Home Modification | Modifications made to the| CCTV, Pressure

Systems person’s place of residence. | Pads, Motion
These usually generate an | Sensors, Door

adert which can be sent over
the internet viawifi.

Alarm, Window
Alarm.

Purpose-built
Wearable devices.
(Local / Tagging)

Wearable devices, usualy
containing an RFID chip
combined with RFID readers
on doors  that send
notifications when a signd is

DoorWatcher
Wristband
Monitoring
System, Harland
Simon’s

received. These can generate | Wandering

an dert to be sent over the | Patient Safety

internet via wifi. System,
Purpose-built Wearable  devices, with | Philips GoSafe,
Wearable devices | location technology and a | Proximity Quick
(Global / Tracking) | mobile phone or internet | Wandering Alert,

connection, specifically

designed for  monitoring

people who may be prone to

becoming lost. Often these

contain aert systems or fall

detectors.
Purpose-built Mobile phone applications| Tell My Geo,
mobile phone | specifically designed to find | Comfort Zone
applications. family members who are | Check-in Mobile,

missing. Often these may have | GPS Tracker,

additional features, such as a | GPS Tracking.

“help” button.
Appropriated Common  mobile  phone | FindMylphone
Mobile phone | applications designed for | (apple), Find My
applications. other purposes, such as| Device (google),

locating phones. Theserequire
that the person keep a charged
mobile phone on them at all
times and have an active
internet connection and GPS
Signal.

Manufacturer
apps (e.o.
Samsung, find my
phone).
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Table 5.2 Evaluation of Assistive Technologies

Home Purpose- | Purpose- | Purpose- | Appropria
Modificat | built built built ted Mobile
ion wearable | wearable | mobile Phone
Systems. | devices devices phone applicatio
(local /| (global /| applicatio | ns.
tagging) | tracking) | ns.
Remote May or | May or|Can Can notify | Location
Alarm. may not | may not | notify over the| can be
connect to | connectto | over the | internet. accessed
local wifi / | local wifi | internet. anywhere,
phoneline. |/  phone does not
line. generate
alarm.
Global Can only | Can only | Can Can locate | Can locate
Positionin | notify that | notify is | locate provided | provided
0. a person | person is | provided | GPS GPS signa
has left the | in specific | GPS signa is|is  found
building. | location |signa is|found and | andinternet
or not. found and | internet available.
internet available.
available.
Standalon | Does not | Does not | May Requires | Requires
e solution. | require require require mobile mobile
additional | additiona | additional | phone phone with
equipment | equipmen | equipmen | with internet.
: t. t, or | internet.
internet
service.
Upfront Often high | Often Moderate | No / Low | No upfront
Costs upfront high upfront upfront costs.
costs for | upfront costs. costs.
full costs.
system.
Ongoing | Do not | Do  not | Often Some Does not
subscripti | usualy usually requires | services usually
on. require require subscripti | require require
subscriptio | subscripti | on. subscripti | subscriptio
n. on. on. n.
Requires |May or | May or | Requires | Requires | Requires
internet. | may not | may not | internet internet internet
connect to | connect to | connectio | connectio | connection.
local wifi / | local wifi | n. n.
phoneline. |/  phone
line.
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Requires | Usudly Usually Requires | Requires | Requires
regular powered RFID, regular regular regular
charging. | via direct | which charging. | charging | charging of
home does not of mobile | mobile
supply. require phone. phone.
charging.

Ease of |Once set|Once set | Purpose | Requires | Requires

use. up, easy to | up, easy | built and | person is| person is
use. to use. usually smartphon | smartphone

Very easy | e user. USEY.
to use.
Provides | May May May Can Provides
additional | contain contain contain contain location
functions. | additional | alert aert aert and phone
sensors for | buttons, buttons, buttons details, but
movement | fall fall and nothing
and fall | detection. | detection. | provide specific.
detection. assistance
if lost.

Permits Does not | Does not | Permits Permits No

relative permit permit “geo- “geo- restrictions

freedom person to | person to | fencing’, | fencing’, |on

of leave leave meaning | meaning | freedom.

movemen | designated | designate | large large areas

t. place. d place. areas can | can be

be defined.
defined.

Reslient | May Will only | Will only | Will only | Will locate

to type 1| generate generate | generate | generate | device.

error. adarm if [dlam if [dam if | dam if
window or | device device device
door leaves leaves leaves
opens, or | specified | area. area.
visitors area
arrive.

Resilient | Will Person Person Person Person may

to type 2 | generate may not | may not | may notbe | not be

error. appropriat | be be carrying carrying
e dam if | carrying | carrying | charged charged
door  or | device. charged device. device.
window device.
opens.

Setting Typically | Typically |Used by [Used by |Used by
used infused in|residents |residents | residents
carehomes | carehome | living at | living at | living at

S. home. home. home.
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Table 5.2 Evauation of Assistive Technologies (page 147) compares the
various categorisations of technological interventions a series of price,

robustness and usability considerations.

Home modification systems are often reasonably robust, and resilient to type 2
errors (false positives) and do not require the person with care and support needs
to modify their behaviour or learn to use a new piece of technology or service.
However, installation costs are typically much higher than aternative methods
and the device is solution requires that the person with care and support needs
remain confined indoors. As such, these dterations are typically only
appropriate for those with mid-late stage dementia, and far less applicable to
other groups. Wearable RFID devices connected to aert systems have much of
the same strengths and weaknesses of other home modification systems, but the
addition of an RFID bracelet means that doors and windows can be opened by
others without triggering an alarm system. This means that these systems are
much more resilient to type 1 errors (false negatives), but due to ther
dependence on the person of interest wearing a particular bracelet or other
device, lessresilient to typetwo errors, asthe person may be ableto simply take
the device off. RFID-based and other home modification systems are typically
robust, though they are not suitable for those wishing to maintain independence.

Purpose-built wearable devices improve upon the aforementioned systems, as
they are also ableto help locate a person, rather than merely indicate if aperson
has left a designated area. Typically, wearable devices such as these take the
form of pendants, badges and custom built insoles. Upfront costs are typically
lower than home modification and RFID systems, but often these services
require an ongoing subscription. In addition, positioning approaches such as
these require not only in-built GNSS receivers, but also depend upon aworking
internet connection. These services necessitate the use of a battery, which will
require regular charging. This may in turn reduce the appropriateness of such
systems for people who may be less familiar or comfortable with wearable
devices. Additionally, some of these systems also require that the person in
question carry the device with them at al times, which again, may be
particularly difficult for aperson with memory deficiencies. However, purpose-

built wearable devices do often include functions which are particularly
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appropriate for people living with dementia such as an aert button, fal
detection and tele-health services. These products are most appropriate for
individuals with sufficient cognisance wishing to maintain their independence,
but may not be appropriate for thoseininstitutional care or in the later stages of

dementia

Purpose-built mobile phone applications often contain much of the functionality
of the wearable devices but usually have a much lower (or no) subscription or
upfront costs. Like the wearable devices, they require an internet connection
and GNSS receivers to function as desired, but provided that the person of
interest already has a smart phone, they require no additional equipment. Less
equipment also means that compliance is likely to be higher as the person of
interest does not have to remember additional procedures for leaving the house.
Applications such as these do often have some additional functionality for
particular groups, such as children or people living with dementia; but they do
not typically contain fall detection or teleheath services. The technological
skillsrequired for smartphone use may be difficult to acquire as peopl e get ol der
and particularly difficult for those with dementia and young children
(Malinowsky, Almkvist, Kottorp, & Nygard, 2010), due to this fact these
technological solutions will only be appropriate for those who can already use

smartphones.

Similarly, appropriated applications can only be used as tracking devicesif the
persons at risk are themselves smartphone users. Appropriated applications
typically have no upfront costs (aside from any mobile phone carrier fees), but
they do not provide any specific functionality designed to help people with
dementia. In addition, these appropriated applications are likely to be open to
intrusions of privacy of personal autonomy as family members and care-givers
can easily access the person’s location without their knowledge. Whilst these
applications may be used by carersin certain situations, it is clear that they are

not optimal and should certainly not be the first choice for concerned carers.

The vast majority of currently available technologies designed to mitigate the
risks of missing incidents focus on either location surveillance methods, or
potentially restrictive alarm systems, but to the author's knowledge no
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technology is designed to assist in conducting, planning or decision-making
processes of missing person incidents, such technol ogies may be used to support
and facilitate more appropriate courses of action and could be used in cases
where intrusive measures are deemed inappropriate.

5.5 PERCEPTIONSAND ATTITUDES

5.5.1 Perceptions of Missing Incidents

In addition to being logistically difficult to organise a timely and effective
response, missing incidents al so invoke numerous emotional stressors on those
involved. As discussed in Chapter 3; carers and guardians often feel anxious
and uncertain about their own decision-making abilities as well as concerned
about the health and well-being of the missing person. These stressors may
affect decision-making during missing incidents, as well as influence people's
expectations of and preferences for various assistive technologies. Adopting a
user-centred approach means considering the experiences of people engaged in
the task of interest. The following section examines qualitative data elicited
from study 2 in order to illustrate relevant concerns and expectations for the

purposes of devel oping guidelines for appropriate interventions.

In addition to the choices participants in study 2 were presented with, they were
also asked what could have happened to the person they care for. This question
was given open responses so that participants could mention specific details of
what may have happened to the person they carefor. Full details of the questions
asked to participants can befound in thefinal section of Appendix C. A thematic
analysis was performed on the responses to convert them into categories, and a
count of each category response is given in Figure 5.1 Participant Hypotheses
on Whereabouts.
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Figure 5.1 Participant Hypotheses on Whereabouts

Figure 5.1 illustrates where participants thought their care recipient was likely
to be immediately following a noticed absence. These figures are the result of
codified responses, the “out of sight” category, represents participants who
indicated the person they care for knew where they were but had perhaps left
without notifying their care givers. This category was by far the largest and
indicates that most people do not immediately assume the worst in Missing
situations. Often, responses in the “out of sight” category involved failing to
notify the primary caregiver of plans to visit friends or other family members,

or ssmply wandering outside.

During the vignette, participants were al so asked which type of risk the missing
person was most likely to encounter. An overwhelming majority of participants
thought that physical injury (such as afall or an accident) was the biggest risk
to the person under consideration (Table 5.3).

Table 5.3 Perceived Risk

Risk Totd Percentage
Physical 183 67.3
Health 53 195
Psychological 36 13.2
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Asdiscussed in Chapter 3, the decision to contact the police following a noticed
absence is one which can cause considerable distress and anxiety to caregivers.
The interview study conducted with carers highlighted various concerns and
internal dilemmas which carers faced when making this decision, however, the
small sample size in the interview may not have been entirely exhaustive.
Subsequently, the vignette study discussed in chapter 4 also asked participants
various questions about how they would feel about contacting the policein such
circumstances as one of the scenarios. Figure 5.2 shows the responses of 272
participants when asked “Do you feel better or worse after contacting the

police?’

DO YOU FEEL BETTER OR WORSE AFTER
CONTACTING THE POLICE?

M Better mWorse M Same

Better
22%

Figure 5.2 Attitudes towards Police Response

Data taken from study 2 (N=272)

As shown in Figure 5.2, nearly half of respondents stated that they would not
feel any better or any worse after contacting the police and nearly a third of
participants reported that they would feel worse. The respondents were then
asked why they had this particular attitude and asked to complete an open-text
response. As before, these responses were then codify using thematic anaysis,
three iterations of coding produced responses which were exhaustive (they
covered the dataset) and exclusive (there was little overlap between thematic
categories). Table 5.4 shows the results of such analysis, cross-referenced with

the responses given about attitudes towards the police response.
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Table 5.4 Reasons for Attitudes towards Police Response

Better The Same Worse

Still at risk 1 68 13
More resources 27 3 0
Assurance 7 0 0
Not take  concern

seriously 0 5 3
Do everything in their

power 7 2 0
Too much time 0 13 17
Might be ineffective 0 12 4
Becomes "real" 1 3 27
Best / Only course of

action 6 0 5
My responsibility 1 3 6
Out of character 0 1 2
Might be overreacting 0 1 6
Don't Trust Police 0 3 4

The most commonly stated reason for the attitudes towards the police response
was that the missing person may still be at risk and that the situation has not
changed significantly since police contact. This reason accounted for the vast
majority of participants who reported feeling the same after police contact. The
second most commonly stated reason for the attitudes to police involvement
was that the situation “becomes real”, one participant stated “As[I’ve] phoned
the police and they are showing concern this confirms my fears are not
irrational.” [P32] and another claimed it “Reinforces the severity of the
situation” [P34]. This is very much in concurrence with the remarks made by
two of the carers in the interview studies, with one claiming that calling the
police “Made it real” [P3]. The main reason that people reported feeling better
after contacting the police was because the police have more resources available
to them, and they are considered to be better trained, more experienced and

better equipped to deal with the situation. Contrastingly, the main reason people
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reported feeling worse after contacting the police was because they felt that they
were wasting time whilst on the phone to the police instead of engaged in
actively looking for the missing person. In addition, some of the care givers also
resented the fact that they would probably be advised to remain at the missing
person’ s place of residence. A consideration of these responses may help to shed
light on why carers of vulnerable and at risk people often delay contacting the

policein atimely manner.

In conclusion, the data indicates that carers do not immediately assume the
worst following a noticed absence but instead assume more likely explanations
for the disappearance. Concerns of physical injury (for example either viaafall
or road accident) feature prominently as the biggest perceived risks and the
decision to call the police is often met with ambivaence. Participants in the
study were reluctant to call the police as they saw it as a confirmation of their

fears.

5.5.2 Expert Attitudes towards Assistive Technologies

During the initial series of interviews in Study 1, search and rescue experts
mentioned severa technologies that are employed by Mountain and Lowland
Rescue teams in the UK designed to help with search tasks. Specifically, two
interviewees referred to “SARLOC”, amobile phone application developed by
Russ Hore of Ogwen Valley Mountain Rescue Team. If awalker becomes lost
and requires assistance, he or she is sent a text message from the responding
mountain rescue team, which provides a link to a webpage. Upon opening the
webpage, the missing person’slocation is obtained from the GNSS receiversin
the phone and this information is sent over the internet to the respective
Mountain Rescue Team’s database. This application has the potentia to find
missing people who are seeking assistance, providing that they have a mobile
phone with GNSS capabilities. However, search and rescue teams were quick
to point out that whilst this software can be an excellent tool, the success of the
app should in no way encourage overreliance of the smartphone to be used as

the sole navigation tool.

A more comprehensive technological solution to search planning and

management was al so mentioned by one of the incident commanders during the
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interviews. SARMAN ™ is an incident management system designed for search
and rescue teams to enable them to better co-ordinate and plan searches . It
allows for the live communication and tracking of multiple teams, topological
maps and routing and tracking features. In addition, it provides automated
drawing of concentric search areas based upon statistics from similar incidents.
Whilst the package was viewed favourably by the interviewees who mentioned
it, an incident commander stated that he did not feel confident in using the
software on his own because he lacked the technol ogical expertise. Whilst such
technologies might not be entirely appropriate for use by non-professionals,
severa of thefeatures provided by SARMAN™ may be of use for those wishing
to develop assistive technologies to help with missing persons for non-

5.5.3  Carer Attitudes towards Assistive Technologies
At the end of the scenario in Study 2, participants were asked to choose which
of the following technologies may be have been helpful during a missing

incident, Figure 5.3 shows the responses of participants.
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Figure 5.3 Assistive Technology Preferences
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Figure 6.2 shows the preferences of assistive technologies given by
participants in study two. Participants were allowed to give multiple answers
to the question “Which of the following technologies do you think would be
helpful in this situation? [Choose as many as you think would be
appropriate]”. The smart watch was the most preferred device for both the
carers of adults and the carers of children. Whilst the pendant was the second
most preferred device for adults, the smart phone was the second most
preferred device for children. Participants were then asked to comment on
their choices, in an open text box. The following categories of responses were

given:

Would comply/enjoy wearing

This reason was often given for the smart watch and mobile phone, whereas
specialist technologies (such as pendants, for example) would be less
preferred by the person required to wear them.

Serves other functions

Smart watches and smart phones were often chosen because they serve
additional functions aside from tracking and location services. That is, they
are of some usefulness to the person who might wear them, aside from their
assistive aspects.

Allowsindependence

Carers and guardians often mentioned that they would feel safer and permit
their carer recipients more freedom if they were able to monitor that person’s
whereabouts remotely.

Allowsfor accuratetracking

The tracking feature was considered a very important feature by many
respondents who answered the question. Whilst intensive monitoring and
surveillance can sometimes be ethically and legally dubious, many
participants in this survey did comment about their desire for accurate
location tracking.

Couldn’t takeit off

Some respondentsto the survey were concerned that mobile phones and smart

watches may be removed if the person in question did not want to be found,
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or they may be removed by a potential abductor. They were concerned that
wearable tracking devices may be of little usein akidnapping or abscondment
scenario. However, overly restrictive monitoring measures are not ethically
unproblematic, as will be discussed |ater.

Other optionsintrusive

Some participants felt that specialist technological tracking devices would be
too intrusive, but that devices such as mobile phones, which are aready
commonly used are not considered as intrusive, despite also having tracking
functionality.

Would allow meto contact missing person

Many participants chose the mobile phone asit al so allows the missing person
to be contacted by their carers and guardians should they become missing or
in danger.

Providesalert

Some participants suggested that their choices were based upon the fact that
the specific technology they preferred allowed for sending aerts, so that they

could be notified quickly if an incident requiring their attention occurred.

These responses indicate that carers and guardians often consider many
separate, often contradictory reasons for technology preference, though care
recipient compliance was often a major consideration in their choices. Rates
of compliance are likely to be affected by the perceived functionality of the
technological device by those who are intended to wear it. Increasing the
usefulness of the device to the intended wearer islikely to increase their use.

56 LIMITATIONSOF EXISTING TECHNOLOGIES

Currently, there exist various technological interventions designed to prevent,
mitigate or manage missing incidents in those with care and support needs,
though in the absence of systematic comparisons of real-world outcomes,
drawing firm conclusions about the usefulness of any given technology over
another is impossible. Further, direct comparisons of these technologies may
not ultimately be desirable, as these interventions are designed to be used by
very different end-user groups (see table 5.2), in a multitude of different

environments and care contexts. Additionally, varying levels of capacity,
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independence and risk suggest that any single technological intervention is
unlikely to be a panacea; applicable and appropriate for al persons at risk. But
instead, carers must consider the appropriateness of each technology based upon
their own circumstances, the level of risk, the likelihood of compliance and any
up front or on-going costs associated with that technology. No one particular
technological artefact or system is capable of providing a complete solution to
the problem of missing incidents, but rather, individuals should develop a
strategy based on their own circumstances which make use of currently
available technologies and take in to account both the risks and benefits

associated with the use of those technologies.

In the studies presented so far, several key points have emerged which may be
of benefit to those wishing to develop technological interventions designed to

help with missing incidents.

1. Privacy, autonomy and usability are legitimate concerns of carers and
family members and these concerns often outweigh any possible benefit
of current assistive technologies.

2. Technologica solutions which require a person at risk to wear a device
need to provide the wearer with a function, and also need to overcome
various usability and compliance issues.

3. Missing Incidents typically involve more than one person conducting a
search task.

4. Thereexistsavariety of technologiesto help with missing incidents, but

these typically involve location tracking, monitoring or surveillance.

Technology developers must take into account the reasons for technology
preferences and develop a user-driven approach to design. Data elicited from
study 2 suggests that safety, independence and additional functionality are all
considerations of carers when deciding which (if any) assistive technology
would be appropriate for their needs and the needs of thosethey carefor. Whilst
tracking and alert features are considered beneficial, privacy and independence
are also factors considered by carers and devel opers must take steps to ensure
that technology does not further reduce the independence of people with care
and support needs. Additionally, devices such as mobile phones and smart
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watches, which provide other non-stigmatising functionality were the most
preferred devices. This suggests that providing some additional functionality
for the wearer may reduce the stigma associated with these assistive

technol ogies and increase compliance.

All of the technological interventions discussed in this chapter involve
monitoring and surveillance technologies, which are in many cases, overly
intrusive and have the potential to restrict the freedom and autonomy of the
people they are designed to help. Furthermore, such measures may be in breach
of the Mental Capacity Act of 2005 which stipulates that overly restrictive or
intrusive measures (including tracking devices and other surveillance
technol ogies) may be used but only if it can be shown that they arein aperson’s
best interests. In addition, al of the currently available technology is aimed at
monitoring the caree in some form or another, yet no technology is intended to
facilitate search planning or to provide decision-making support. Planning and
support technol ogies could be used in conjunction with location and monitoring
services to better coordinate and manage missing incidents. Alternatively,
planning and decision-making support technol ogies may be used in caseswhere

high surveillance and restrictions are deemed disproportionate to the risks.

It therefore seems reasonable to suggest a different type of technological
intervention than what is currently available, which does not depend upon
surveillance or the restriction of movement, but instead facilitates the
communication and coordination of small teams of responders. Such a
technology might be applicable to use for individuals where location tracking
or other monitoring techniques are deemed too intrusive, or where location
technology is unable to provide an accurate position (through non-compliance,
forgetfulness or technological error).

5.7 REQUIREMENTSOF A NEW TECHNOLOGY

As discussed above, many of the existing technologies depend upon tracking
and monitoring technologies which may not necessarily be acceptable to or
appropriate for al people. Additionaly; compliance, battery life and
forgetfulness might be limiting factors in the usefulness of these solutions.

According to data collected in the previous studies, communication is a crucial
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element of all search and rescue activity. This was evidenced by Figure 3.3
Decision Sequence Timeline of Carers and Figure 4.2 Markov Model of
Searcher Behaviour, which both indicate that a significant amount of those
engaged in missing person searches enlist help, and most of those who do so
enlist help very early onintheincident. Additionally, search and rescue experts
expressed concern that information about the missing person may be inaccurate
due to potentia sources of communication failure. The initia critical decision,
of Search and Rescue experts, “Decided if Callout isvalid” (see Appendix B.2)
is made based on a consideration of the quality of information being received
from the police, likewise the excerpts discussed in the Globa Theme
“Communications with the Police” (see Appendix B.1), also indicate the value
of accurate information to all search and rescue activities. For this reason, a
digital technology which facilitates better communication at the early stages of
mi ssing person incidents may improve outcomes for missing people and reduce

the stress and emotional burden placed on carers and guardians.

Location and Geo-spatial information are of paramount importance in Search
and Rescue operations, and professional search and rescue teamsrely highly on
map usein order to maintain high situation awareness of the overall search plan.
Furthermore, during missing person searches conducted by professional search
and rescue organisations, each individual team has accessto aradio in order to
communicate with the Incident Commander and other members conducting the

search.

Additionally, it must be shown that such atechnol ogy doesindeed |ead to better
communication, more overall knowledge of the incident, and ultimately, better
search outcomes. For this reason, the technology must be designed to allow
experimental field trials, without endangering the lives of people who are
already at risk. One such method which would allow for experimental testing is
the use of surrogate search targets in a naturally occurring environment. The
application must be able to detect when participant’ s find these targets in order
to determine the performance of teams. Finally, under experimental conditions,
participants must be given a standardised period of timein which to conduct the
search activities so as to make search activities comparable across all trials, for

this reason, a timer function should be implemented and controllable by the
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experimenter. The experimenter must also have the ability to change the
available features for the purposes of experimentation and comparison. Finally,
the experimenter must be able to have an overall view of the search activity

during the experiment for the purposes of safety.

5.7.1 Functional Requirements of a New Technology

In light of these requirements and considerations, a series of functional
requirements are explicitly stated below. The requirements A-E represent
features a future technology may adopt, whereas the requirements F-K are
necessary components for testing and evaluating the effectiveness of the

software.
Requirementsfor Application

A. Display Map of current location.

B. Display geo-spatia information of individuals and teams current
locations.

C. Display geo-spatia information of individual’s and teams location
history.

D. Give usersthe ability to refer to geo-spatial locations.

E. Facilitate audio communication.
Requirementsfor Testing

Facilitate the recording of surrogate search targets.

Store data of surrogate search targets for later analysis.

I o m

Record participants location histories for later analysis.

Produce an “admin” mode in which displays information and facilitates

actions not available to users (such as the location of search targets and

starting atimer).

J. Produce a “timer” for the purposes of testing and experimentation,
controllable by the admin.

K. Enable the admin to control various features of the application for

different experimental conditions.
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5.8 THE DESIGN OF A NEW TECHNOLOGY

Based upon this understanding, a design concept was proposed which would
allow small teams of first respondersto coordinate a search task, through shared
visual and audio communication channels (Figure 5.4).

[ 1 ' Teammate Current
Location

2 ) Teammate Location
History

3, “Ping” on Map
(4) PingButton

5 Indication of Speaker

6 Radio Button

Figure 5.4 Design of Technological Intervention

The system, as proposed involved various visual information displays,
including amap of the current area, the location of each teammate, and a ‘trail’
of where each participant’s location history. In addition a “ping” feature,

allowed participants to draw their teammates attention to specific locations.

1) A smal colour-coded marker indicates the rea-time locations of

teammates (requirement A and requirement B).
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2) A colour-coded “trial” indicates the location histories of teammates
(requirement C).

3) A“ping” feature, isused by teammatesto highlight specific areas on the
map of interest (requirement D).

4) The“ping” button acts as atoggle which allows participants to point to
an area of interest on the map (requirement D).

5) The speaker indicates which teammate is currently talking (requirement
E).

6) The button alows for open audio communication talking (requirement
E).

5.9 APPLICATION DEVELOPMENT

An Android application was developed for based on this design, which was
devel oped in such away to test the effect of various system features and allowed
for an experiment using this technology to be monitored with reasonable
accuracy. The application recorded participants movements on the search task
and also recorded when a “search target” with an NFC tag had been scanned.
NFC tags were used for the purposes of an experimental trial in order to record
when participants had found a designated “search target”. The design of the
application went through numerous iterations, before being developed in
conjunction with Philips Research, in March 2017.

5.9.1 Information flow

It should be noted however, that due to time constraints, technical limitations
and cost, inbuilt audio communications features were not able to be devel oped
(requirement E). One design concept described in Figure 5.5, illustrates an
alternative to inbuilt audio features which instead utilised a conference calling
system. However, this concept also proved impractica, and the audio
communication was provided (separately) by a Skype conference call. All other
information flow for the final Application remained the same as described in

Figure5.5.
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Figure 5.5 Information flow of Software System

Figure 5.5 also shows communication with a server. This was done via JSON
requests by each instance of the application running. Data was transferred
between phones and the server in order to show the location of current team
mates (requirement B and to keep a history of locations requirement C). It also
allowed data about each of thetrialsto be stored on the server, and thus satisfied
requirement G and requirement H.

5.9.2 User Position

Using GoogleMap’s AP, an interface was created which allowed participants
to see their own location and the location of their teammates using “markers”.
These markerswere designed in GIM P and show the current location of all team
members. Users are assigned both anumber and acolour in order to differentiate
themselves from other users. In addition the colour of the number is black to

indicate another user, and white to indicate the user’s marker (Figure 5.6). The
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provision of aMap using GoogleMap’s API satisfies requirement A, whilst the

presentation of current teammates |ocations satisfies requirement B.

@ Djanogly Art Gallery

Figure 5.6 Interface Showing Multiple Teammates

5.9.3 Location Histories

In addition to users' current location, it was decided that a “trail” would be
appropriate for visualy representing a person’s location history. Location
histories were stored remotely on a password protected server and using JSON
reguests, this was visualised on each phone using the google “line” classwithin
the google API. However, the google “line” class, specified width in pixels, not
in real distance with respect to the geographical positions on the map. An

intention of the “trails” was not just to show alocation history of al users’, but
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also to give an indication of where the spaces which users’ were likely to have
seen (analogous to “sweep width” as described in Chapter 2). When users
zoomed in and out, the thickness of these trails therefore should scale up and
down to indicate rea physical spaces. For this reason, the thickness of the lines
were given by an appropriate value divided by the total physical space the map
represents, so that the lines were approximately 10 meterswidein real distance.
This method allowed data about the location histories of users to be presented
visually to participants, thus satisfying requirement C. Figure 5.7 shows a trail

from the current user; participant 4.

Figure 5.7 Picture of Application demonstrating Trail Functionality

5.9.4 Pinging as Pointing

The“Ping” feature was designed to act as amethod for participants to highlight
specific locations, in lieu of being able to physically point on a map
(requirement D). This was implemented using the google “circle” feature and
an animator class, so that acircle “pulsed” in size from small to large. “Pings’
were also accompanied by an audio chime to draw users' attention. Figure 5.8
shows two devices running the application showing semi-transparent blue
circles in the same location on each device. Ping circles are colour-coded to
indicate which user initiated them.
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Figure 5.8 Demonstration of Synchronicity of Pings

5.9.5 NFC Tags and Scanning

Finaly, additional features were required which would enable “ search objects’
to beregistered during an experiment (requirement F and requirement G). It was
decided that each search object should contain an Near-field communication
(NFC) tag, owing to the low cost of tags and their weather resistance compared
to visual markers (such as QR codes). NFC tags can aso be easily updated and
modified. Subsequently, the application was developed to read NFC tags and
transmit this information to the server in order to register that a specific target
had been found during the experiment. The application was aso designed to
inform participants whether a scan had been successful and had not been
scanned by another user (Figure 5.9), or if the search target had previously been
scanned by another user (Figure 5.10). Prior to the trials, the experimenter used
an off-the-shelf-application to write NFC tags with appropriate identifying
numbers (from 1-99). The application registered when an NFC tag had been
scanned and then checked with the server to see if the same cone had already
been scanned within that session. If the scan was unique, users would be told
their scan was successful (Figure 5.9 Screenshot of Successful Scan), however,
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if the cone had already been scanned during the session, users were shown that
their scan was not valid (Figure 5.10 Screenshot of Repeat Scan).

Figure 5.10 Screenshot of Repeat Scan

5.9.6 Features for Testing

In order to evaluate the features of such a system, it is a requirement that the
various application features can be enabled and disabled (requirement K). For
this reason, another version of the interface was developed which showed the

same map and contained the same NFC capabilities, but did not show usersthe
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locations of their teammates or any location histories. This version sent all the
same location and scanning data to the server, but from a user perspective
behaved very similar to any other smart map (such as google maps). A separate
login for the application allowed the researcher to view the location histories
and current positions of users, but these were not visibleto the usersthemselves,
this feature satisfied requirement 1. Finaly, a timer feature was added to the
application and controllable by the experimenter in admin mode, in order to
allow for future testing (requirement J).

5.10 LIMITATIONSOF PROPOSED TECHNOLOGY

Whilst the proposed technology aims to facilitate communication between
teams of individuals conducting missing person searches, it should not be
considered a complete solution for al missing person activity. The application
as designed does facilitate communication within teams, but currently, the
larger technological infrastructure about how such a technology should be
deployed have not been investigated. For example, the design discussed in this
chapter provides no solution of how missing person aerts will be generated,
who will be enlisted in the missing person search and does not currently
consider data safeguarding (for example, GDPR compliance). Presumably, a
more comprehensive sol ution would al so have the capability of notifying police
in atimely manner and facilitating data transfer between initial search activity
and the police missing person department, which would reduce the necessity of
conveying information to the police (which may invite inconsistencies,

omissions and inaccuracies).

Neither does the application currently provide any advice for conducting search
operations, which may be of great benefit to those conducting missing person
searches. For example, generic advice such as how to conduct grid-searches, or
sweep-width estimation may be of benefit to non-experts wishing to make their
search activity more effective. The application may help to facilitate better
communication, but as yet, it provides little in the way of decision-making
support. A more comprehensive solution may aso integrate this type of
assistance in the form of reminders, tips and better integration with existing

systems.
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Whilst this technology was proposed based upon both an understanding of how
missing incidents unfold, and in light of the potential drawbacks of existing
technologies according to carers and parents (described in 5.5.3 and 5.4).
Further work also needs to elicit the attitudes of users who have experiencein
using this technology if such a product were to be taken to market. Thiswill be
explored in a limited way in the following chapter, in the form of post-trial
interviews. However, in order for a technology to be considered safe market-
ready, more comprehensive user testing would have to be conducted to ensure

that the technology is robust, effective and easy to use.

It would aso be an advantage of the technology if it alowed for further
customisation. For example, users may wish to change the icons so they can
more easily tell who else is conducting the search activity. A potential future
application to assist with communication in missing person searches may also
integrate information from other sources (such as wearabl e tracking devices). It
may be possible, for example, to identify areas of high probability based on the
missing person’s previous location histories and illustrate this information on
the map. Further elements of personalisation may aso include specific
instructions generated by the carer or guardian about the missing person’'s
location preferences and the ability to customise the layout of the application
based upon various usability requirements. As yet, the application which has
been devel oped does not include these features, but it isimportant that such an

application should have the ability to personalise.

The use of NFC tags for the experiment itself, also meant a significant time
commitment for the researcher, as each NFC tag had to be written to, placed on
a sports cone and then scanned again (to record the location) when the objects
were placed around the university. This was a time consuming process, and
indicates that the technique could not be easily scaled up for larger studies
without a commensurate time commitment, this may be a limiting factor for
others who wish to repeat the trial design. Alternatives could involve QR codes,

or ssmply requiring participants to take pictures of search targets.

Finally, another shortcoming of the application is that requirement E (facilitate
audio communication) was unable to be implemented in the application due to
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the cost and time limitations of storing additional audio-data on the server. For
this reason, a “Wizard of Oz” style approach will have to be implemented,
where Skype cals running in the background will facilitate audio

communication between teammates.

5.11 CHAPTER SUMMARY

This chapter investigated the development and appropriateness of existing
technologies designed to prevent, mitigate and assist in missing person
incidents. It began with a survey of existing technologies and a discussion
people’s perceptions and preferences of such technologies and identified
various reasons which were given for technology preference. A discussion
highlighted the strengths and weaknesses of various technological interventions
in addressing the needs of users and the need for decision-making support was
demonstrated. A new design concept based upon these requirements was
proposed and developed. The next chapter will build upon this work and
describe a study involving this technology designed to help co-ordinate small
teams of local responders in missing incidents.
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6 FIELD TRIAL OF ASSISTIVE TECHNOLOGY

6.1 CHAPTER OVERVIEW

Based upon the previous work, this chapter will further outline the motivation
for developing a mobile phone application which assists care givers during
missing incidents, and discuss how this application was developed. Using this
application, a field experiment was devised in which participants worked in
teams in order to find a series of “search targets’ in a naturally occurring
outdoor environment. The chapter will report on the key findings of the study
and focus on effectiveness, situation awareness and user expectations of such a
technology. Finally, genera lessons of the trial will be discussed in order to
further elucidate the potential benefits of decision-making support and to

provide guidance on how such systems could be further improved.

6.2 |INTRODUCTION

The previous studies indicate that even prior to an officia police report Missing
Incidents typicaly involve multiple individuas, possibly separated
geographically, working together to achieve a common goal. Effective
communication not only has the potential to reduce the psychological stress and
anxiety felt by care givers during missing incidents, but can aso materialy
assist in the logistics of search planning and management. Carer interviewees
in Study 1 explained how they felt the need to inform a peer or family member
both for material assistance and emotional reassurance. Similarly, 61% of
respondentsin Study 2 made the decision to enlist the help of afriend, colleague
or family member during the fictional incident and those who did so, tended to
enlist help very soon after noticing an absence. Clearly, communication is an
important aspect of missing incidents. In light of this, an android prototype
application was developed with the aim of enhancing communication between
small teams of individuals conducting a search task and to investigate whether

such atechnology has the potential to increase search efficiency.

The first study described in this thesis consisted of retrospective accounts of
missing incidents, whilst the second comprised of hypothetical “what if”

scenarios; both of these approaches are problematic in terms of ecological

173



validity (Cicourel, 1982). Moreover, whilst interviews typically €licit rich and
comprehensive data, thereisthe potential for intervieweesto reconstruct aspects
of incidents which they may fail to remember or be influenced by leading
guestions (Loftus & Palmer, 1996). Study 2 does not suffer from these
shortcomings, however, asking people what they think they would do in agiven
hypothetical scenario is not necessarily the same as observing those incidents
directly. People may have a more favourable view of their decision-making
abilities in stressful situations than is warranted. Further, a text-based
hypothetical scenario is markedly different from areal incident. Most notably,
the physical aspects of wayfinding and orientation are absent from such a study
and the high levels of emotional stress and anxiety are likely to be absent from
a hypothetical scenario.

The purposes of study 3 wereto both trial a potential technological intervention
aimed at assisting care givers during the initial stages of a missing incident, to
investigate various how various modes of communication affect situational
awareness, and to analyse the relationship between situational awareness and
task performance within a “real-world” environment. Unlike the previous two
studies, Study 3 implements a field experiment design in which the experiment
Is conducted in a naturally occurring environment. This method is generally
higher in ecological validity, owing to its higher realism and closer resemblance
to the incident of interest. In doing so, this chapter aims to address objective 7,
“Develop and test a technological intervention which could be used during
Missing Incidents’.

6.3 BACKGROUND

Research ‘in the wild’, broadly characterises a paradigm shift within Human-
Computer Interaction research in which design, development and eval uation of
technologica interventions take place in-situ, rather than in an artificia
laboratory environment (Chamberlain, Crabtree, Rodden, Jones, & Rogers,
2012). This marked shift alows for technologies to be evaluated and appraised
by potential end-users in a way that much more closely resembles how these
technologies would be used in a real-world setting and allows researchers to

better understand how technologies are likely to be adopted and perhaps even
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appropriated. Whilst ‘research in the wild is a comparably new research
methodology broadly within the discipline of HCI, Hoffman and Woods (2000)
point to the numerous historical threads with have contributed to the
understanding of cognitive and collaborative activity across both human and
machine agents. They cite research areas as diverse as knowledge dlicitation
techniques for expert systems, (Boose & Gaines, 1989), Naturalistic Decision
Making (Zsambok & Klein, 1997) and Situated Cognition (Hutchins, 1995) as
various attempts to understand interactions between cognition, culture and
complex artefacts in context. Whilst the methodology that will be employed
here differs dightly from the definition of “inthewild”, as given by Rogers and
Marshall (2017), in that it does not “create and evaluate new technologies and
experiencesin situ” (p.6); it does use a new technology in anaturally occurring
physical environment for the purposes of evauating the likely real-world
outcomes and associated behavioura change. This methodological approach,
also bares resemblance to the foraging research described in chapter 2,
(Goldstone & Ashpole, 2004; Hills, 2011; Kaff et a., 2010), though to the
author’s knowledge, no such experiments have been conducted investigating

human foraging behaviour in physical environments.

Asdiscussed in chapter 2, situation awareness (SA) describes the knowledge an
individual has about their environment, often with respect to a specific task or
series of tasks. SA issaid to beintrinsically linked to decision-making (MicaR.
Endsley, 1995) and may in some cases be linked to performance (Ma & Kaber,
2007). P. M. Samon et al. (2009) state that “Assessing operator situation
awareness is a key component of sociotechnical system design and evaluation”
(p. 490). However, operationalising SA, for the purposes of measurement, is not
always straight forward and two distinct approach are available; objective
measures and subjective measures. One example of a subjective measure of
situation awareness is the Situation Awareness Rating Technique (SART)
(Selcon & Taylor, 1990). Thisrating scale was devel oped for use in Aerospace
operations, but is general enough to be used for other domains (P. M. Salmon
et al., 2009). SART wasdevel oped for apost-trial questionnairethat isrelatively
quick to administer. The SART questionnaire asks participants to rate the

variability of the situation aswell astheir overall impressions of the quality and
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quantity of information they are receiving on a Likert scale. Conversely, an
“objective” approach to assessing situation awareness was developed by M. R.
Endsley (1988), the Situation Awareness Global Assessment Technique
(SAGAT). Like the SART, the SAGAT was developed within the domain of
Aerospace, as a means of assessing the SA of pilots during a simulation.
Endsley suggests that an effective measure of SA involves determining an
operator's knowledge of goal-specific and system critica information.
However, whilst thereis clearly some value in assessing the SA during the task,
the SAGAT isadisruptive technique which involves stopping the simulation or
activity in order to determine if an operator is aware of the state of various
system elements. Additionally, such an approach would be difficult to
implement during an experiment involving physical search activity, and would
be likely to unduly influence behaviour and communication. Objective and
subjective measures of SA test important aspects of operator knowledge and
self-appraisal of that knowledge. For these reasons, this experiment will take
one measure subjective measure of SA (the SART), one objective measure of
SA (a post-trial questionnaire) and one measure of performance (number of

cones found per participant).

6.4 METHOD

6.4.1 Protocol

Participants arrived at a pre-specified location centraly located on the
University of Nottingham University Park Campus. They were given an
information sheet detailing the study and asked to sign a consent form.
Instructional videos were created for the purposes of demonstrating the various
system features to participants for each of the conditions. Participants watched
these videos after signing the consent form. Following this, they were given a
mobile phone and a demonstration of the application described in Chapter 5,
which was installed. The study implements a 2x2 experimental design.
Participants were given one of two versions of the application, one of these
displayed a “shared map”’, and the other ssmply displayed the map and
participants current location. Half of all participants were connected to a Skype
audio conference call and the other half were given the means to make one-to-
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one phone calls to each other using stored contacts. Each participant was then
asked to begin walking in opposite directions until they were no longer visible
to their teammates. At this point the researcher began the experiment timer and
the participants began the experiment.

All participant groups were engaged in searching for avariety of search targets
on foot on the grounds of University Park at the University of Nottingham
whilst using an android phone with the application described in the previous
chapter. Search targets were be placed outdoors within the grounds of the
University of Nottingham campus. These targets were sports cones fitted with
NFC tags which participants were asked to touch with their mobile phone to
confirm they had found the targets. Trials were 30 minutes long each excluding
start times and post-trial interviews, though total participant time was
approximately to be an hour and fifteen minutes. Participant’s locations were
also monitored at this point to ensure they are not running, and to ensure their
safety.

Once 30 minutes had passed, participants were informed that the trial was over
and asked to make their way back to the study HQ. Participants were asked at

this point not to communicate with each other.

Parti cipants then answered post-trial questionnaires described below and a brief
semi-structured group interview was conducted.
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Figure 6.1 University Park Map
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Figure 6.1shows the University Park Grounds, which are clearly delineated by
roads and gates. Searchers were informed not leave the grounds of the
University during the task. HQ denotes the library, which served as the
headquarters of the study, and the letters A,B,C & D are the genera direction
that people were told to go at the start of the trial. Once the timer began,

partcipants were free to choose their direction and strategy.

6.4.2 Conditions
Participants were in one of four conditions, each reflecting different modalities

of communication:

Basic Condition (BC): Participants were able to contact each other viastandard
one-to-one calling features and able to see their current location, but will had

no record of where they or their team members had searched.

Shared Audio Only (AO): Participants were able to communicate to each other
via an open radio channel, and able to see their current location, but had no

record of where they or their team members had searched.

Shared Visual Only (VO): Participants were able to contact each other via
standard one-to-one calling features. In addition, participants were be able to
see arecord of where they and everybody in their team had searched and their

current location.

Full Features (FF): Participants were able to communicate to each other viaan
open radio channel. In addition, participants were able to see arecord of where

they and everybody in their team had searched, aswell astheir current location.

Table 6.1 Experimental Conditions for Study 3

Shared Visua No Shared Visual
Shared Audio Interactive Map, Skype | ‘ Standard’ Map, Skype
(FF) (AO)
No Shared Audio Interactive Map, Phone | ‘Standard” Map, Phone
Calls Calls
(VO) (BC)
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6.4.3 Measurements and Recordings:

Participants locations were monitored during the entirety of the experiment,
“ping” data, “trails” and cone “scan” activities were al sent automatically by
the application to apassword protected server, both for usein thetrail and later

anaysis.

Participants were issued with a series of questionsrelating to their performance
after the trial (Appendix E). Using data generated from the trials a “map
drawing” was produced immediately after the timer had stopped (shown in
Figure 6.2), which was used as a reference to mark participants responses.

University of Nottingham
Google Broadgate F'urno

Figure 6.2 Researcher's View during the Experiment

Figure 6.2, shows the information which was available to the researcher during
the trials. Indicated by the numbered markers are the participants current
positions, participants’ location history (indicated by the coloured lines) and
information regarding the location of search targets, where green represent
unscanned targets and yellow represent scanned targets.
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Participants also completed a SART questionnaire in order to measure SA

subjectively; thisis shown in Figure 6.3.

SITUATION AVWARENESS RATING TECHMIQUE (SART: Taylor, 18950)

Instability of Situation
How changeable |s the sltuatlon? Is the sltuation highly unstable and lkely to
change suddenly (High) or is it very stable and straightforward (Low)?

4 2 3 4 -] & 7

Complexity of Situation
How complicated is the situation? |s it complex with many interrelated
rompnnants “—ligh} aris it aimpla and ;rr.:ighrfnn.m:urd {l rvw)‘?

1 2 3 4 -] 1] Ki

Variability of Situation
How many variables are changing within the situation? Are there a large
number of factors varying (High) or are there very few variables changing

{Low)?
| | | | | |

4 2 3 4 -] & 7

Arousal
How arousad are you in the situation? Are you alert and ready for activity
{High} or do you have a low degree of alartness (Low)?

1 2 3 4 -] L] Fi

Concentration of Attention
How much are you concentrating on the situation? Are you concentrating on
many aspects of the situation {| ligh} or focusasd on only one (Low)?

4 2 3 4 B [+] 7

Division of Attention
IHowe much i= your attention divided in the situation® Are you l:crncl:ntrating
an many aspects of the situation (High) or focussed on only one (Low)?

1 2 3 4 B L3 7

Spare Mental Capacity
How much mental capacity do you have to spare in the situation? Do you
hava sufficient to attend to many variakles (High) or nothing to spare at all

Low)?
| | | | | | ]
4 2 3 4 B [ 7

Information Quantity

Heow much information have you gained about the situation? Have you
racelved and understood & great deal of knowledge (High) or very llttle
(Low)?

4 2 3 4 -] & 7

Familiarity with Situation
How familiar are you with the situation? Do you have a great deal of relevant
experience (High) or is it a new situation {Low)?

1 2 3 4 (-3 1] 7

Figure 6.3 SART (from Taylor 1990)

After the triadl was completed and participants had answered the two
guestionnaires, a semi-structured group interview was conducted and
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participants were asked how well they thought they communicated, how they
thought the technology helped or hindered their task and what improvements
could be made if the technology were to be devel oped further.

6.4.4 Participants and Trial

A total of 52 participants were recruited for this study. Participants could either
enlist as complete teams, partial teams or individuals. Participants who did not
enlist as part of afull team were assigned teammates from the participant pool.
Of the 50 participants who were recruited, 48 took part in the trial. The 4
participants who were recruited but did not participatein thetrial did not attend
the trial with afull team and so were unable to participate. Recruitment was
conducted largely through an online campaign via Facebook and word of
mouth. A Facebook page was created for the purposes of recruitment, and in
order to provide apublic “ scoreboard” for participants performance during the
trial. The advertising campaign took theform of a“ Treasure Hunt”, and winning
teams would win £100 in vouchers as a team prize for al four participants. It
was hoped that the prize would act as an incentive for high performance and
increase the importance placed on the task by participants. However, for the
purposes of fairness awinning team was picked from each of the four conditions

in order to ensure that each participant had an equal chance of winning.
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Figure 6.4 Nottingham University Treasure Hunt

Participants were assigned to groups based on an ordering system, so that if the
desired number of participant groups were not able to be recruited, there would
be amore equal distribution of participants across conditions.

Thetrial ran from September to November 2017, with three separate blocks of
trias, in September, October and November. Between each trial block the
researcher performed a visual inspection on the quality, quantity and location
of the search targets and ensured the NFC tags were still in good condition.

6.4.5 Ethics

Participants were informed prior to the experiment to wear “appropriate’
clothing, for the task (e.g. no high heels, weather appropriate clothing).
Participants were informed to the purposes and methods employed in the
experiment viaan information sheet (Appendix D.1) and gave informed consent
(Appendix D.2). Additionally, a tutorial video for each of the conditions was
produced and played to participants informing them of specific features and
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advising caution whilst crossing roads. Approval for the distributions of cones
was obtained by University of Nottingham estates, this study also obtained
relevant ethical approval from the University’s ethica review board in
engineering, and was given approval by the department’s Health and Safety
officer. Participants data was stored on a password protected server and their
data was separated from any potentially identifying information. However,
participants were alowed to enter a competition in compensation for their
participation, and some participants agreed to sharing pictures of themselves on
the study’ s Facebook page.

6.5 RESULTS

There was a great deal of variability in the results for all of the dependent
variablesmeasured. Despite differences observed between different conditions,
few of the results were statistically significant. The results which were
significant indicate that knowledge of teammate's locations improved with
many-to-many audio communication, and that their own subjective assessment
of situation awareness improved with additional visual information about their
teammates positions (though, their actual situational awareness or performance
did not seem to increase). None of the dependent variables in the results were
normally distributed (as indicated by the Sharpo-Wilks), and therefore, non-
parametric statistical tests are the most appropriate means of analysing the data.
However, there are no universally agreed upon non-parametric equivalents of
the two-way ANOVA, which would be the most appropriate method for
analysis. For this reason, the results section will be presented in three parts; a
non-parametric analysis of each individua factor, a presentation of the
estimated marginal means, and finally, atest for correlation between measures
that are assumed to be correlated.

6.5.1 Descriptive Statistics

Table 6.2 Descriptive Satistics

N Minimum Maximum Mean Std. Deviation
ConesFound 48 0 20 8.00 4.925
Distance 48 1193 3737 2785.27 433.616
MapScore 48 2 10 6.06 2.282
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SARTScore 48 33 18.85 5.036
Repeats 48 0 5 1.15 1.598
Valid N (listwise) 48

&)

Table 6.2 gives descriptive statistics for dependent variables under
consideration, a full breakdown of these results can be found in Appendix F.
The descriptive statistics demonstrate a considerable range and high standard
deviation in many of the results obtained from the experiment. For example, the
number of cones found per participant had an average value of 8, but arange of
20 and a standard deviation of 4.93. This suggests that many other factors may

have affected the performance of participants during the trials.

6.5.2 Non-Parametric Analysis of the Effect of Individual Factors

The appropriate non-parametric statistical test for determining if there are
differences in the distributions of ratio data between various experimental
popul ations in a between-subjects experimental isthe Mann-Whitney U. If each
factor (visua information and audio communication method) is anaysed
individually using this method, two significant results emerge.
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Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
Independent-
The distribution of ConesFound is Samples Retain the
1 the same across categories of Mann- 100 null
VisualMap. Whitney U hypothesis.
Test
Independent-
The distribution of Repeatsisthe Samples Retain the
2 same across categories of Mann- 084 null
VisualMap. Whitney U hypothesis.
Test
Independent-
The distribution of MapScore istheSamples Retain the
3 same across categories of Mann- 2803 null
VisualMap. Whitney U hypothesis.
Test
Independent-
The distribution of SARTScore is Samples Reject the
4 the same across categories of Mann- 040  null
VisualMap. Whitney U hypothesis.
Test
Independent
The distribution of Percentage is thamples Retain the
5§ same across categories of Mann- A96 null
VisualMap. Whitney U hypothesis.
Test

Asymptotic significances are displayed. The significance level is .05.

Figure 6.5 Non-Parametric Testing of the Effects of Visual Information

Figure 6.5, shows the readout from SPSS, and indicates that the presence of a
shared visual map (as per VO & 4) significantly increases the scores of
participantsin the SART questionnaire, from 17.63, to 20.08. However, despite
thisincrease, objective measures of participant’s situational awareness actually
decreased under these conditions from 6.17 to 9.16, though this difference was

not significant.
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Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
Independent-
The distribution of ConesFound is Samples Retain the
1 the same across categories of Mann- 809 null
Skype. Whitney U hypothesis.
Test
Independent- .
The distribution of Repeats is the Samples Retain the
2 same across categories of Skype Mann- 385 null
9 P& Whitney U hypothesis.
Test
Independent.
The distribution of MapScore is thec 2 MP!es Relectihe
3 same across categories of Skype Mane- 004 Fnull
9 P Whitney U hypothesis.
Test
Independent-
The distribution of SARTScore is Samples Retain the
4 the same across categories of Mann- 420 null
Skype. Whitney U hypothesis.
Test
Independent- .
The distribution of Percentage is th amples 287 Retain the
5 same across categories of Skype AT : null
9 pa Whitney U hypothesis.

Test

Asymptotic significances are displayed. The significance level is .05,

Figure 6.6 Non-Parametric Testing of the Effects of Audio Communication Method

Figure 6.6, indicates that the objective knowledge each participant had of their
teammate’s location significantly improved in conditions where participants
had a shared audio channel (6.96/10) as opposed to standard calling features

only (5.17/10).

6.5.3 Presentation of Means

Whilst no statistically significant results were obtained in the numerous two
way analysis of variance tests which were conducted, there are considerable

differences in the mean scores of many of the dependent variables between

conditions.
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Figure 6.7 Mean Scores of Total Cones Found by Participants across Conditions

Figure 6.7, shows the mean scores for the number of cones participants found
under each condition. The highest average was obtained by participants who
werein the basic condition (BC) with no shared visual information and standard
calling features (9.42). The second highest score was achieved by participants
who had many-to-many audio communication methods (8.92), followed by
those participants who had many-to-many audio and shared visual information
(6.08), whilst the worst average performance was by participantsin VO, who
had access to shared visual information, but only had accessto standard calling
features. As mentioned earlier, participants who had a many-to-many calling
feature typically performed better than those who did not (although the best
performers overall did not have this feature), and those participants who were
presented with shared visua information performed worse on average than
those who did not (regardless of audio communication mode).

Figure 6.8, shows the average SART scores obtained by participants after each
trial. 1t demonstrates that subjective ratings of situational awareness increased
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if either more visua information was present, or if participants had a shared
audio channel. The highest average SART scores were obtained by teams who
had both additiona visua and auditory information (21.58), scores with either
(but not both) of these additional sources of information were comparable
(Visual only; 18.58. Auditory only; 18.33) and the lowest SART scores came

from participants who had neither enhancements (16.92).

Estimated Marginal Means of SARTScore

Skype

Mo
—Yes
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1687 o

Estimated Marginal Means
3

Mo Yes

VisualMap

Figure 6.8 Mean SART Scores across Conditions

However, when asked to recall the proximity of participants to a series of set
markers following the trial, the effect of each informational improvement was
not as straight forward. Those participants who had access to a many-to-many
audio communication tended to perform better than those who did not, but
additiona visua information about team mates locations appeared to benefit
only those who had many-to-many audio communication, whilst decreasing the

scores of those who did not (Figure 6.9).
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Figure 6.9 Means of Map Questions under each Condition

Figure 6.10, (below) shows how many cones were found by multiple
participants as a percentage of the total cones found by each participant. It can
be taken as an approximate measure of efficiency, as multiple players finding
the same cone did not count towards the teams overall score. An interesting
relationship can be observed, which resembles an XNOR logica function.
Participants were the most efficient in conditions which either had full visual
and auditory information, or neither full visual nor full auditory information.
Participants who received only one of these pieces of information were far less
efficient, with the many-to-many audio condition rescanning approximately
23% of all search targets.
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Figure 6.10 Percentage of Cones found by Multiple Participants

6.5.4 Correlations between Measures

Pearson correlations were conducted on various measures, which could be
reasonably assumed to be correlated. However, no such correlations were
observed in the data. Firstly, the correlation between SART score (which isa
subjective measure of situation awareness) and post-trial Map Score (which is
taken to be an objective measure of situation awareness) was tested (see Figure
6.11), and no correlation was observed. Similarly, there was no correlation
between the number of search targets found and the MapScore. There was a

dlightly higher correlation between SART and performance, though this was

still weak and not statistically significant (0.148).
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Figure 6.11 Correlation between SART score and MapScore

6.5.5 Interview Findings

Participants generally indicated that the study design was “well-constructed”
(BC, tria 1), and “simple but not easy” (AO, trial 1) and many participants also
said that the technology “ has potential hel ping people with the search” (FF, trial
2). Participants generally thought the various system features helped their
ability to search effectively.

“Definitely helped being able to hear other people, getting an idea of which
areathey werein”, AQ, tria 1.

“Being in constant contact with each other and being able to see where each
other were made us a lot better at what we were doing than if we just had
maps and were walking around”, FF, tria 2.

“Wewouldn't be ableto find asmany conesif we couldn’t talk to each other”,
AOQ, tria 1.
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“1 think the map was particularly important because not only could you see
where a person was at that moment, but you could see where that person has
been in the past”, FF, tria 1.

“1 struggle with direction so it was good to see where everyone el se was, not
just where everyone else was but where they’d been, the ping feature was
good aswell”, VO, trid 2.

It is also interesting to note that many of those who only received visual
information of their own position but no indication of their team mates positions
(asin BC and AO) expressed that additional visual information would be of
benefit to them:

“It was good to have that feedback as to where people where, but that
feedback would be better on the map. It was silly that we could see ourselves
but not other people...It would good to be able to see where everyone else

has looked on the map and where they are now”, AO, trial 2.

“A trall of where you went and maybe it changes colour of how long you
went, maybe alighter colour, seeing each other on the map. Maybe landmarks
could be highlighted, or you ping it, like you say go to George Green and the
*poop* like you do in star craft or something, like check over there’, BC,
trial 2.

“Given that we were able to see where we were on the map, I’m wondering
whether it would be able to see where everyone el se was on the map, so that

way you could kind of co-ordinate a bit better”, AO, trial 3.

“Someone said it was a shame we couldn’t see each other’ s dots on the map,
that would have been very helpful and maybe aso when the person aready
went”, BC, tria 2.

192



Participants who only had access to one-to-one audio communication methods
also indicated that they would benefit from a shared audio channel, such as
Skype:

“It would be alot easier to have a group call, it didn’t happen but you might
try to call someone up already on the phone. Group call would have madelife

easier, and it would be good to see where other had gone”, BC, trial 1.

“Skype calls would be better if you could have group callsaswell”, VO, tria
2.

Whilst participants generally indicated that they believed the various
communication features enabled them to conduct more efficient searches, one
participant in FF noted that they found the shared map to be more useful in
planning the search than shared audio:

“1 think being ableto talk to the team was good for team morale and in areal
situation that would really help because | think some people would be more

prone to panic and be not as effective”, FF, trial 2.

“1 think talking was more for the team moral e than communication”, AQ, tria
1.

Others who aso had access to the shared map, (VO and FF) stated that a

potential drawback of the highly visua interface was that it may be too
distracting:

“1 think it's maybe not the best idea looking at the screen when you are
running around, but the map is really useful. So perhaps | wouldn’'t look at
the screen all the time, but | found myself looking at the screen a lot”, FF,
tria 3.

“At one point | waslooking at the screen and | walked into a building, without
looking”, FF, tria 2.
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Overdl, participants were generally in favour of additional means of
communication to aid the search task, and those who were in conditions without
all system features often suggested that such features would be of benefit to
them. However, additional suggestions as to how the system could be further
improved were made by a few participants and these suggestions typically

involved the ability to better plan and coordinate search areas.

“1 think abit of planning, the technology seems helpful, but it would be better
if it allowed usto plan”, FF, tria 3.

“1 think the software could help inform some basic strategies, because not
everybody will get the idea that you need to spread out. Perhaps some
strategies, or whether it’s useful to repeat other people’'s traces and with a

missing person they are mobile aswell.” FF, trial 2.

“You could give a set search areafor each person”, VO, trial 3.

Participants generally indicated that they thought the task resembled a missing
person incident, but did highlight a few areas where it differed from real

incidents:

“l imagine there's probably more variables in a real life missing person
search”, AQ, tria 1.

“They'd usualy go somewhere that they know, when I've searched for
missing people with dementia, you go somewhere you know they know”, AO,
tria 2.

“All the time | was thinking whether | could ask somebody if they had seen
the missing cones, because | would do that for amissing person”, BC, tria 2.
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6.6 DISCUSSION

6.6.1 Performance

There were no statistically significant differences in performance between
conditions (where performance is cones found per person); neither audio nor
visua communication channels appeared to significantly affect total cones
found. Neither were there any observed statistically significant differences
between groups in the efficiency of search (where efficiency is taken to be an
inverse of repeated cones found). However, there was a great deal of variability
between individual participants. The standard deviation of cones found was
4,925, whilst the mean score was 8.00. Such variation is likely to make any
significant differences considerably more difficult to observe. Whilst it is
maintained that this experiment represents an important methodological step in
evaluating the effectiveness of assistive technologies in a naturally occurring
environment, search performance has proved particularly difficult to measure
in away in which controls for a variety of other factors and isolates the effects
of varioustechnological interventions. Nevertheless, it isclear that technologies
such as these should be properly evaluated in a way which resembles their
intended usage. It may be the case that a larger scale study would yield
statistically significant differences in search performance between conditions,
but it may be the case that additiona factors would have to be controlled for.
Good performance on the task islikely down to numerous factors, such as sense
of direction, eye-sight and “luck”. A repeated measures experiment would be
able to control for individual differences, however this would be logistically
difficult to implement without replacing the search targets between conditions.

6.6.2 Situation Awareness

Situation awareness was measured in two ways in this experiment; objectively
and subjectively. The objective measures of situation awareness involved
asking participants to answer questions about the locations of their teammates
once the trial was completed (Appendix E), and the subjective measures
involved asking participants to complete a SART, a well-established measure
of situation awareness. Interestingly, visual and audio communication channels

affected each of these outcome differently. Shared audio channels were shown

195



to be a significant improvement on the objective measure of situation
awareness, whereas, increased visua information only affected the subjective
rating of situation awareness. The SART measures amongst other things, the
perceived complexity and variability of the situation, but also the quality and
quantity of information received. Despite there being no observed differences
in the objective measures of SA or performance due to the presence of a shared
map, there were significant differences in the SART. Increasing the trust that
users havein the quality of information may be a significant benefit to people
in highly stressful missing incident scenarios. Previous studies indicate that
communication isarecurring theme, and so increasing confidencein the quality
and quantity of information may have significant real-world benefits, such as
reducing the high levels of stress, anxiety and helplessness felt by some carers.

There was no statistically significant correlation between SART and the
objective measure of SA. Thismay indicate that people often incorrectly assess
their level of knowledge, or that there is little correlation between “objective”
and “ subjective” measures of situation awareness. However, perhaps a post-trial
questionnaire about various system elementsis ameasure of recall; not SA. The
findingsindicate significantly higher recall of teammates |ocations when many-
to-many communication was available, this may be because geo-spatial
information presented audibly requires deeper semantic processing than the
same information presented visually and this effort assists recall (Eysenck &
Eysenck, 1979). Another theory is that participants are more likely to describe
landmarks via audio communication and this facilitates survey knowledge
(Waller & Lippa, 2007).

6.6.3 Extraneous Variables

No trials were run before sunrise or after sunset, but that is not to say that
visibility was constant for al trials. Cloud coverage, precipitation levels and
time of day may have adversely affected performance in severa trials. The
weather was not controlled for during the study, but trials were run under
numerous environmental conditions, excluding very heavy rain or wind. Thisis
likely not only to affect the visibility of the study, but precipitation may aso
affect walking speed and crucialy, the usability of the touch screen devices

participants were issued with. Waldron (2017) identified several environmental
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factors such as temperature and wind speed which affect human behaviours

such astravel speed and travel direction.

The application was developed on an Android phone, whilst al users in the
study confirmed that they were smart phone users, not all were familiar with the
Android operating system. An instructional video was presented to all
participants explaining various system features and controls. In addition, a brief
description of the phones physical buttons and basic Android operations was
given to participants in order mitigate the potentially adverse effects of
unfamiliarity with technology. Unfortunately, in a few cases, participants
muted their microphones during the trial, whilst this was usualy quickly

remedied, it did temporary hinder communications between participants.

There were aso likely to be other individual differences between participants
which could have affected the results, for example navigationa abilities

(Bryant, 1982), familiarity with the campus and inter-team differences.

6.6.4 The Ecological Validity / Reliability Trade-off

The study took the form of a field experiment and therefore was more
ecologicaly valid than a similar study would have been under laboratory
conditions. The price for this higher realism was ultimately less reliability and
less control over the environmental factors which may have influenced search
task performance. As suggested by PFiliavin, Rodin & Piliavin, “the ideal
research strategy over the long haul is to move back and forth between the
laboratory, with its advantage of greater control, and the field, with its
advantage of greater redlity” (Piliavin, Rodin, & Piliavin, 1969, pp. 289-290).
Whilst it is debatable whether this environment was truly in situ, the use of a
naturally occurring environment was crucial in establishing realistic behaviours
and limitations of the technology. By conducting the search tasksin the physical
world (Kalff et a., 2010cf ), participants were able to comment specificaly on
how the application was able to meet their requirements and how it affected
their physical movement. Participants aso mentioned they wanted to ask
passers-by if they had seen any search targets; something they would do in a
real-missing incident. Study 3 is far more “in the wild” than controlled

laboratory experiments, but is not an evaluation of the technology based upon
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its true intended purpose. Further testing and development would be required
before this technology could be tested for use in rea missing incidents.
Nevertheless, evaluating technologies in environments with high-ecol ogical
validity islikely to yield realistic user-behaviours.

6.6.5 Other Limitations and Areas for Future Work

Whilst the location data for each participant was stored digitally on a remote
server for each of the trials, numerous errors with the data storage meant that
much of this data was unusable for amore in depth analysis of pathfinding and
search behaviours, and thus made systematic comparisons between conditions
impossible. Figure 6.12 shows an image which has been generated from server
data stored on trial VOL1.
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Figure 6.12 Data Visualisation of Server Data for Trial VO1

Figure 6.12 shows all four participants splitting up and covering different areas
on campus. Participants in this trial tended to stick loosely to paths within the
university campus. Unfortunately, however, not al thetrials saved correctly on
the server, which resulted in aloss of trial data. Figure 6.13 showstrial AO2, in
which the participant highlighted in blue and the participant highlighted in red,
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followed much of the same paths. This figure also demonstrates some of the
technical problems with the storage of and handling of location data, as search

targets which are indicated as “found” appear not to be on any path.
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Figure 6.13 Data Visualisation of Server Data for Trial AO2

One could conclude from a comparison between Figure 6.12 and Figure 6.13
that those in the visua only condition covered a larger unique area than those
in the audio only conditions, but this trend was not consistent across al trials.
[llustrated in Figure 6.14 (below) is another “ Audio Only” trial condition (trial
AQO1), however in this condition, participants covered far more unique ground.
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Figure 6.14 Data Visualisation of Server Data for Trial AO1

A further analysis was conducted on the available data in order to determine
whether participants during each of the trials were able to detect cones which
they passed within 15 meters of. Therationale for this analysiswasto determine
whether participants were less likely to notice search targets which were
(theoretically) within their immediate line of sight. Averages for each of the
trials which were successfully saved are given in Table 6.3.

Table 6.3 Percentage of Targets found within 15 Meters

Trial % found Condition
Average
AO1 20 37.28
AO2 59.7
AO3 32.14
FF3 37.5 37.5
BC2 68.12 50.725
BC3 33.33
Vo1 61.36 61.36

Table 6.3 does not show any clear trends in regards to the successfulness of

locating targets within a 15 meter radius of participants between trials. In
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addition there is too little data and too much variability to draw any strong

conclusions about

6.7 CHAPTER SUMMARY

This chapter presented a field experiment in which participants, working in
teams, were asked to find artificial search targets under strict time conditionsin
an outdoor area with the use of a communication aid. The results show that
many-to-many audio communication channels have the ability to increase
situation awareness during a search task, whilst additional visual information
increases participant’s subjective rating of their own situation awareness,
despite there being no significant differencesin task performance. Whilst there
is aclear and pressing need to facilitate effective communication between al
concerned parties during missing incidents, more work needs to be undertaken
in order to ensure that any potential technological intervention does not unduly
distract users from the task. The next chapter will draw upon the findings of the
previous chaptersin order to develop aseries of design recommendationswhich
may be of use to technology developers, policy makers and other stakeholders.
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7 DISCUSSION AND RECOMMENDATIONS

7.1 CHAPTER OVERVIEW

This chapter will bring together the central findings of the work described in
this thesis in order to discuss their significance and to bring novel insight into
the process of missing person search. It will both attempt to place the current
work inits theoretical context, as well as present actionable information in the
form of evidence-based design recommendations that may be of use to those
wishing to devel op assistive technol ogies aimed at preventing, or mitigating the
risks associated with missing incidents. In so doing, this chapter will address
the final objective of the research, “Explore how the findings may have
practical benefit to care recipients and carers, as well as technology
developers, policy-makers and other stakeholders’. Attention will aso be
given to the numerous legal and ethical concerns which must be taken in to
account when designing technology for at risk groups.

7.2 DISCUSSION OF FINDINGS

7.2.1 Stress, Responsibility and the need for Support

Carers and guardians seek out others both for material assistance in the search,
but also for reassurance and emotional support. Thiswas demonstrated in Study
1 when carers were asked why they had enlisted the support of a friend or
college, many responded that there was a need for support reassurance, which
is evidenced by the global thematic sub-category (Appendix B.4). Interviewees
also described an abundance of meta-cognitive thoughts (e.g. “Am | doing the
right thing?") which were particularly prevalent when they were describing the
decision to enlist help (Table 3.3 Intersection of Global Themes and Critical
Decisions Carers), this suggests that enlisting help may invoke feelings of
conflict and guilt.
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“...I suppose that's the point at which, y'’know you kind of want
somebody to help and hold your hand a bit and say, it's ok, y'’know it'll
be ok. and I suppose [R&C] were the nearest things to friends that I
had in the village...I'd moved away from my y'know, completely away
from my home environment and...it's very difficult to be friendly with
anybody when you've got an 87 year old, 5 foot ten of dementia walking

around, on your left shoulder” — Study 1, Carer 1

This finding is also supported in study 2, which indicates that around 61% of
people will enlist the help of afriend of colleague before contacting the police.
The need for emotional support and reassurance should not be underestimated
in highly stressful situations involving missing people, even in situations where
the carer is a paid professional. As mentioned towards the end of chapter 2,
additional stressors can cause significant errorsin judgment and the evaluation
of decision outcomes (Wemm & Waulfert, 2017), which has the potential to
result in poorer choices being made, and consequently, worse outcomes for
those at risk. The model illustrated by Figure 3.5 Reactive Search Strategies of
Carers, which was a description of the decision-making strategies employed by
carers and guardiansindicatesthat carerstypically evaluate one option at atime,
and the findings discussed from study 2 (Figure 4.8 Self-Reported Worry and
Decision Rank) indicate that this decision will tend to be the least “costly”. It
followstherefore that people engaged in the missing person task are morelikely
to ask for support if they perceive this action as a lower perceived cost than
alternative options. For this reason, decreasing the perceived cost of enlisting

help may encourage carers to seek assistance earlier in theincident.

7.2.2 The Independence / Safety Trade-Off

Carers and guardians have a legal and/or implied duty of care to their care
recipients and a desire to ensure their safety and wellbeing. However, often this
may be at odds with the care recipient’ s right to autonomy, as overly restrictive
or intrusive measures (such as locked doors or tracking devices) could be
considered a deprivation of liberty and a safeguarding issue, which falls under
the Mental Capacity Act of 2005. Carers and guardians have expressed concerns
about the conflict between safety and autonomy, as was evidenced both during
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the in the interviews and responses to the survey about assistive technol ogy
given in 5.5.3. All of the technologies discussed in section 5.4, Survey of
Existing Technol ogies promise higher safety, but at acost of higher surveillance
or a restriction of liberties. The safety-independence trade-off might make
location tracking devices inappropriate for some cases where the perceived risk

islow, or concerns about autonomy and freedoms are particularly important.

This trade-off has been noted elsewhere (Lawrence & Murray, 2010) and is a
pervasive concern across the entire health and care sector. Insufficient resources
and expertise can often lead to an overly cautious approach, which focuses on
reducing risk, rather than promoting independence. If preventive measures are
decided upon the basis of safety, these should always be made in the person’s
best interests and the least restrictive option must be preferred. Technology
developers must take into account this inherent conflict when attempting to
suggest interventions, as overly restrictive or intrusive measures are not only an
infringement of personal liberties, but may not be viewed favourably by the care

community as awhole.

7.2.3 Reluctance to “Escalate”

Study 1 and Study 2 described in thisthesis both highlight the anxiety that carers
feel when enlisting help. Carers will typically enlist the help of friends or
colleagues before contacting management and eventually informing the police.
Each of these communications can be seen to represent an escalation in the
incident, as carers and guardians will usually contact the person with lowest
perceived authority first. It could be suggested that carers weigh up the
associated costs of an action with the likelihood of that action resulting in

finding a positive outcome, compared to that of other potential actions.

These perceived costs of action may involve associated time costs that could be
diverted into other activities, but importantly these costs also include a wide
range of less tangible factors; such as concern of failure in one’'s duties as a
carer and the embarrassment of overreacting. Figure 4.8 Self-Reported Worry
and Decision Rank, also suggests that there is a perceived cost of action and
people conducting absenteeism search are willing to make choiceswith ahigher

perceived cost if they are more worried. This suggests that as people become
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more worried, the also become less | oss averse and are more likely to engagein
activities with higher associated costs (like getting in a car and driving around
the area, or calling the police). One way of interpreting thisfinding is that those
conducting informa missing person searches intuitively estimate the likely
“return on investment”, in order to decide on an appropriate course of action. In
circumstances which are considered to be of particularly high risk individuals
are willing to pay a higher ‘price’, and are therefore less loss adverse than in
situations where the risk is perceived as lower. This it at odds with other work
within the decision-making field, which suggests that people are more likely to
be prone to certain biases (such as loss-aversion) in more emotionally stressful
situations (Smith & Kida, 1991). However, it could be argued that people
involved in these incidents are still prone to undue loss aversion, but that the
level of perceived risk greatly outweighs the increased influence of emotions
upon decision-making. It could also bethe case that peopleinvolved inincidents
of far greater risk are prone to avariety of other decision-making biases, which
and unduly affect search outcomes but are nevertheless hard to observe.

It is difficult to state with certainty whether those involved in incidents with
higher perceived risk are more or less prone to ‘irrationa’ decision-making, as
the data here suggests that those who are more worried about the missing person
are also those more likely to engage in actions with higher perceived costs,
which seems an entirely appropriate response, prima facie. Moreover, it is
difficult to identify “decision-making biases’ in amanner so often described by
the behavioural economists’ laboratory studies (e.g. D. Kahneman & A.
Tversky, 1979; Thaler et a., 1997; van den Bos et a., 2009), in complex real
world environments. Real incidents; unlike artificial gambling tasks, often have
no obvious solutions and individuals are rarely presented with discretised
choices, but rather, individuals must generate their own solutions based upon
impartial (and often imperfect) knowledge. Even with a full accounting of the
salient facts after anincident, itisstill difficult to determine whether aparticul ar
decision was the most appropriate course of action; even if that course of action
led to afavourable outcome. For example, the expected return on alottery ticket
is often orders of magnitude less than the cost; meaning that |ottery tickets are

not “fair bets’, even if an individual wins the lottery, they took awager with a
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lower expected return than the cost of the ticket, meaning that their actionswere
(strictly speaking) irrational. Likewise, positive outcomes in missing incidents
do not necessarily entail appropriate decision-making, nor negative outcomes
poor decision-making.

Consequently, it isdifficult to evaluate the appropriateness of various causes of
action based upon the dataélicited from the three studies described in thisthesis,
even when the incident outcomes are known. This is because it cannot be
determined whether any particular decision wasitself erroneous or the result of
mal adaptive biases in the absence of any counterfactual yardstick by which to
evaluate the outcomes of alternative choices. All that we can say with certainty
is that higher perceived risk is related to fewer choices being made before the
police are contacted and that the perceived cost of escalation may cause people
to delay seeking assistance in atimely manner. As we have already seen, some
familial and informal carers of those living with dementia wait many days
before contacting the police, which will substantially increase the risk of death
or injury (R. J. Koester & Stooksbury, 1995).

Those wishing to develop interventions and assistance for Missing Incidents
should consider that lowering this perceived cost of action would encourage
escalation and in some cases, which would encourage people to contact the

authoritiesin atimely manner.

7.2.4 The Effects of Antecedent Factors on Search Strategy

Study 2 used a natural experimental design in order to determine the effects of
carer-caree relationships on search choices. The results indicate that the carers
of adults will typically exhaust more potential options before calling the police
than the carers of children, thisis an intuitive finding which is in concurrence
with other work on the subject. Mobility and care recipient dependence were
also key factors in predicting the search strategy conducted by care givers,
though gender did not have a significant influence. Unsurprisingly those
participants who reported their care recipient as having a higher level of
dependence typicaly made many more choices before contacting the police.
Similarly, those participants who reported their care recipients as having higher

levels of mobility also took longer than those participants who cared for people
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with lower mobility. However, this was only the case when parents and carers
were analysed separately, as the carers of children typically contact the police
sooner, but children are likely to have higher mobility. Whilst these results are
unremarkable, the work here represents an important an important step in
devel oping an evidence-based approach to understanding these incidents. Using
similar methods, it would be possible to identify the influence of other, as yet
unquantified antecedent factors which impact upon the decisions made by
carers in responses to Missing Incidents. Further, whilst a ssmilar model was
discussed in chapter 2 (see Figure 2.3 Missing Person Conceptual Mode!), this
model lacked the data which would allow to quantifiable differences to be
understood owing to various antecedent factors. The work described here is
based upon the aggregate findings of 272 participants and allows these factors
to be understood quantitatively, thus allowing for a greater understanding of the
specific effects of each factor. A more comprehensive understanding could be
developed by both; increasing the sample size of similar studies, or identifying
other factors which may impact search strategy (such asthe specific relationship
between the carer and the person at risk, the history of similar behaviour, and
so on). These findings could be used by technology developers, policy makers
and local authorities to gain a more comprehensive understanding of activities
before police contact.

7.2.5 Communication and Presentation of Information

The importance of communication within missing incidents cannot be
understated. Communication happens at many levels during all stages of
Missing Incidents, from the initial communication between family members,
contacting the police, and communications from the police to search and rescue
teams. Therefore, any possible technological intervention needs to account for
the fact that communication as an integral part of Missing Incidents, and build
thisinto the design. In chapter 3, Search and Rescue Experts, aswell asfamilial
and professiona carers all mention the importance of communication for co-
ordinating activities, and in the case of carers, for providing emotional support
and reassurance. Communication was also shown to be important in study 2, as
the majority of people enlisted the help of a friend or colleague early on the
missing incident. However, as we have seen from study 3, additional channels
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of communication did not always lead to better search performance, or indeed
agreater knowledge of the incident itself. Study 3 demonstrated that whilst the
presentation of additional visua information did lead to an increase in
participants perception of their own situation awareness, it did not lead to
objectively better situation awareness of their teammates locations, nor was it
shown to increase performance. As was indicated by participants during
interviews, it may be the case that additional visua information is overly
distracting and detracts attention away from the very visual act of searching.
Such a finding is in concurrence with Wickens' Multiple Resource Model
(Wickens, 2008), which suggests performance may decrease if two tasks are
sharing the same types of cognitive resources. Whilst many participantswerein
favour of additional visual information, and those who did not receive the
“shared visual map”, suggested solutions which were remarkably similar, this
does not mean that additional visua information will aways be a benefit.
Conversdly, those participants who received a shared audio channel performed
significantly better on an objective assessment of their situation awareness,
though there was no difference in their subjective assessment of their
knowledge. It might be the case that when presented with a shared audio
channel, participants had to mentally transform the words they heard in to geo-
spatial co-ordinates and this deeper level of semantic processing led to far better
retention (Eysenck & Eysenck, 1979). On the other hand, when participants
could see where their team mates were on the shared visual map, there is less
need for deep semantic processing or the need to retain that information.
However; it remains unclear from the experiment whether participants with a
shared audio channel had better knowledge during the search task, or whether
they simply had better knowledge retention due to a deeper level of semantic

processing.

Norman distinguishes between * Knowledgein the Head’ and * Knowledgein the
World'; where the former refers to learned rules, known declarative facts and
accepted norms, whereas the latter refers to knowledge which can be derived
from information in the world, such as labels, physical design constraints, etc.

(Donald A. Norman, 2002). In conditions where participants were visually
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presented with the locations of their teammates, much of the knowledge of the

task was stored “in the world”, and as Norman points out:

“Whenever knowledge needed to do a task is readily available in the world, the
need for usto learn it diminishes’ (Donald A. Norman, 2002, p. 77).

Thefact that those who were presented with visual information did not perform
significantly better in atest of task recall does not necessarily entail that those
participants were at a disadvantage. The converse might in fact be true. Short
term memory is said to have a limited capacity (Miller, 1956) and attentional
resources are also considered to be finite (Kahneman, 1973). Participants who
were not presented with a visua display of teammates past and present
locations may have needed to devote more cognitive resources to the task of
understanding teammates' positions than those who were. Subsequently, if the
cognitiveresourcesrequired for thistask, were similar to the cognitive resources
required for other aspects of the search activity, this may have had a negative
impact on their performance (Wickens, 1979). By alowing aspects of task
knowledge to be ‘outsourced’ to an external device, it may be the case that
participants can focus more of their attention to other task aspects, such as
planning or the physical act of searching. Indeed, the famous 20" Century
Philosopher A. Whitehead once argued;

“ Civilization advances by extending the number of important operations which
we can perform without thinking of them” (Whitehead, 2017, p. 66).

Whilst participants in study 3 generally found additional means of
communication beneficial, some discussed the possibility of additional planning
tools to further increase the effectiveness of search. Whilst it is clear that
solutions intended to help coordinate small teams of searchers should focus on
communication methods, that does not necessarily mean that additiona
channels of communication aways result in more efficient search activities, or
indeed better knowledge of the situation, but instead, more research is needed
to determine how additional audio and visual information can be presented to
individuals in a way that does not distract from the task at hand, increases
situation awareness and leads to better performance.
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The technology designed and tested in chapter 6 helps to facilitate
communication during missing incidents, however, much more research and
development would be needed in order to make such an application viable and
robust enough to be utilised in real incidents. For instance, the technology which
wastrialled only supports arelatively narrow aspect of the overall task, but other
features which could be integrated may include networking tools in order to
enlist help from relevant people, general advice about suggested actions during
missing incidents, and a record of medical and location history of the care
recipient. Each of these aspects would need to be independently evaluated and
compliant with various aspects of legislation, including GDPR requirements for
data handling.

7.3 LEGAL AND ETHICAL CONSIDERATIONS OF ASSISTIVE TECHNOLOGIES

7.3.1 Capacity

Capacity isthe ability to evaluate the pros and cons of adecision and to be able
to communicate that choice. Mental capacity is a legally understood term,
referred to in the Mental Capacity act of 2015 as the ability to make one’s own
decisions. In order to have capacity, an individual must be able to understand,
communicate, use and weight the relevant information of a particular decision
and have a grasp of the likely consequences of those decisions. The Mental
Capacity act does alow restraint and restrictions to be used but only if it can be
shown that they are in a person’s best interests. Extra Safeguards may be
required if the restrictions could be seen as depriving a person of their liberty.
Judgements of this kind should made by multi-disciplinary teams or an
independent mental capacity advocate (IMCA).

The legidation specificaly mentions constant supervision whilst out and
locking people in their homes. As mentioned in chapter 5, using technol ogical
tracking interventions without consent may be in breach of the Mental Capacity
Act, aswell as Article 5 of the Human Rights Act and should not be carried out
by individuals without the proper applications and procedures. Devices that
monitor and record the location of individuals without consent are legally
problematic and sometimes ethically dubious.
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Certain cognitive and neuro-degenerative disorders (such as dementia) may
effect individuals more at certain times than others and the ability to make
informed choices is often context dependent. A person may for example be
deemed to have capacity at some times, or regarding some choices, but not
others. Additionally, medication may also affect a person’s cognitive abilities,
and in turn their capacity. The concept that a person can be capable of making
informed decisions at some times, but not as others, is known as ‘fluctuating

capacity’.

It is debated whether children have their own capacity, because as we have
already seen, “Capacity” is neither fixed nor immutable, but depends upon the
ability to comprehend and communicate a particular choice dependent upon a
reasoned consideration of possible outcomes. In practice, parents or guardians
will usually make or inform the decisions for those under the age of eighteen,
but thisis not legally uncontentious. The Children’s' act of 1989 acknowledges
that certain decisions affect life and wellbeing more than others; and that in
some cases parents have the right to overrule the decisions of their children, but
not in others. At 16 a young person can be presumed to have the capacity to
consent and a young person under 16 may have the capacity to consent
depending on their maturity and ability to understand what is involved.

Capacity is often confused with the legally understood term “power of
attorney”, but the two are distinct. Power of Attorney isalegal document which
allows somebody to make decisions on another person’ s behalf. Ordinary power
of Attorney allows somebody to make decisions on a person’s behalf, provided
that person is still deemed to have capacity, conversely, lasting power of
attorney comes into effect if a person loses their mental capacity.

It should also be understood that capacity (under the law) is not synonymous
with the philosophical concept of autonomy, though it has been suggested that
the Mental Capacity Act makes this assumption (Herring & Wall, 2015). In
order for a person to be considered to act autonomously, they must have both
the cognitive capacity to evaluate likely outcomes, but also the affective ability
to attribute value to that outcome. It has been argued by Herring and Wall
(2015) that the current legislation permits those who might not have autonomy
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to be deemed to have capacity and conversely, those who have autonomy might
not be deemed to have capacity. Therefore, wider considerations of autonomy
need to be taken into account to ensure as rigid adherence to the current
legislation might be too narrow in scope to ensure a person’ s right to autonomy

is preserved.

Acknowledging these legal definitions and frameworksis crucial to developing
appropriate assistive technologies for persons considered at risk of becoming
missing, as overly intrusive surveillance technology may be an infringement of
a person’s lega rights to autonomy and liberty. Surveillance and tracking
technologies therefore, may be appropriate in some cases where the measures
introduced are deemed to be proportionate to the risk, but certainly should not
be implemented unthinkingly or where the intrusions are not considered to be
proportionate. The technology which was trialled in study 3, is less subject to
the concerns of the restriction of autonomy as it does not depend upon
potentially intrusive surveillance methods, but instead seeksto equip carers and
guardians with the communication tools they need to co-ordinate an effective
response once sufficient risk has been established. Whilst it is beyond doubt that
location technol ogies may be appropriate for some people with care and support
needs, the technology developed as part of this research can be used in
conjunction with other interventions or in its own right, with fewer concerns

about restricting autonomy by overly intrusive surveillance methods.

7.3.2 Data and Integrated Communication Systems

An additional legal and ethical concern about the use of assistive technologies
for at risk groupsisthe handling of personal and potentially sensitive data. This
legal requirement should be of central concern to those wishing to develop
technological solutions which store personal data (including, but not limited to,
location data, age, name, etc.). Various regulations in the UK determine how
data can and cannot be used, as well as who has the right to accessit and where
permission must be obtained. The Data Protection Act (2018) is a recent
extension of the Data Protection Act of 1998 and an implementation of the EU
directive known as GDPR. It stipulates various safeguards when storing or
handling persona data, including a strengthening of the need for explicit

consent in an easily accessible form, and as we have seen, issues surrounding

212



the consent of children and those with cognitive impairment are not always
straight forward. Data subjects must also be granted rights to access any data
which is stored about them, and have aright to remove their data under certain
circumstances. Another important consideration in the development of such
technologies is the principle of “Privacy by Design”, this article stipulates that
those wishing to build data storage systems are required to include data
protection from the onset of system design, rather than as an addition to existing
systems. Additionally, data controllers must only hold and process data deemed
absolutely necessary for the competition of its duties and limit access to
personal data to only those who require it for processing. Technology
developers, carers and family members must take into account the necessary
ethical and lega safeguards when designing, implementing and using systems
which store and process persona data; particularly if datais being stored about
individuals who are deemed to lack capacity, or who do not have their own
power of attorney. Great care must be taken when attempting to develop
technological solutions, even if their use is intended to be in the best interests
of the user. Technology developers, or those wishing to use technology to
monitor afamily member should alwaystake into account the right to autonomy

and ensure that data storage and processing are kept to a minimum.

7.4 RECOMMENDATIONS

In light of the findings presented in this thesis, several evidence-based
recommendations have been devised which may be of use to technology
developers, policy-makers and other stakeholders to improve the outcomes of
Missing Incidents and to reduce carer burden. These recommendations are made
on the basis of how people are likely to behave during missing incidents
including a consideration of the specific decision-making sequences and
attitudes €eicited from target populations. Whilst there may be other
information provided in this thesis that may be of use to policy-makers and
technology developers, it is believed that the following recommendations are

the most strongly supported by the data.

1. Facilitate an effective early response to Missing incidents, by co-

ordinating small teams of local responders.
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Carers and guardians will often enlist the help of friends or colleagues
almost immediately after discovering an absence. Assistancein thisway
serves two distinct functions; firstly, friends and colleagues can help
with the search itself, by covering alarger area. Secondly, friends and
colleagues provide emotional support and reassurance to carers and
guardians during missing incidents. The carers of at risk people
experience ahigh level of anxiety during missing incidents and are often
consumed by self-doubt. Emotional reassurance and material assistance
during the early stages of missing person search may reduce the stress
faced by carers. Many of those who care for at risk people are often
reluctant to ‘escalate’ the situation by enlisting the help of friends,
family, colleagues or appropriate authorities for fear of being seen as
failing in their duty of care. It is imperative therefore, that any aert
system or initial method of communication between local responders

should be seamless, so as to reduce the perceived cost of escalation.

Promote the rapid exchange of reliable information about the
missing person and current incident between all involved parties.

During Missing Incidents, there is a need for reliable information to be
exchanged between carers, and their support networks, as well as local
police, neighbourhood watch organisations and search and rescue
agencies. However, much of this information exchange occurs in a
largely ad hoc fashion, which may introduce inconsistencies or
omissions. Carers may become increasingly agitated when having to
repeat information to multiple relevant third parties, further contributing
to anxiety, stress and the reluctance to contact relevant authoritiesin a
timely manner. Streamlining thisinformation exchange has the potential
to reduce carer stress and increase the reliability of crucial information.
One method of facilitating the rapid exchange of reliable information
may be to create digital profiles for people at risk, detailing their likely
behaviours, medication and address. If these profiles are created ahead
of time, information exchange during the incident itself may be more

accurate and less time-consuming than it is currently.



3. Minimisethevisual demand of any advice or instructionsdelivered

215

via technology during any sear ch task.

In the artificial search task described in chapter 6, participants were
given mobile phones with bespoke applications in order to assess the
influence of additional information on the search task. Whilst additional
visua information increased participants subjective rating of their
situation awareness, it did not lead to better search performance, nor
significantly better awareness of the situation. A few participantsin the
“high visual” conditions said that they felt distracted from the search
task by the visual information being displayed on the phone. Whilst it
seems intuitive to present participants with spatial information in a
visual format, there is a concern that the visua demands of this
information exchange may hinder the search task; which is also

predominantly visual.

Any device intended to be worn by a person at risk, should provide
additional functions useful to the wearer which are separate from
the " assistive” aspects of the technology.

Many currently available devices intended to help manage and/or
mitigate missing incidents are purpose-built and as such provide no
additional functionality for the user, this has the potential to be seen as
stigmatising by people at risk and their carers and thus may reduce both
compliance and enjoyment. Conversely, even the simple functionality
of a watch gives people at risk a reason to wear an assistive device.
Despite the fact that over 65s are one of the demographicsleast likely to
be familiar with technology, technology literacy amongst this
demographic is growing and likely to further increase as those currently
reaching retirement will be morelikely to have used “smart” technology
than those currently already in retirement. Other “at risk” groups, such
as teenagers are among the highest demographic of mobile phone users
and therefore already carry devices fitted with tracking technology and
communication tools. Devices which provide useful featuresfor the user
are likely to lead to higher rates of compliance and less perceived

stigma.



7.4.1 Evidence for Design Recommendations

Table 7.1 Evidence for Design Recommendations demonstrates the evidence
presented in this thesis which formed the basis of each recommendation. Each
recommendation is numbered, along with the particular findings from this

research which supports the suggestion.

Table 7.1 Evidence for Design Recommendations

Chapter | Evidence

1 2 Statistical evidence suggeststhat the mortality rate of people
living with dementia who become lost significantly
increases in the absence of an effective early response.
Expert testimony suggests that the likelihood of finding
missing people diminishes over time as the area in which a
missing person could travel increases exponentially.

3 Carers and guardians often enlist the help of friends or
colleagues almost immediately after discovering an absence,
but do so in a non-systematic way.

3 Most carers and parents often contact friends, family or
colleagues very shortly after discovering a person is absent.

2 3 Search and Rescue volunteers spend a great deal of time
ascertaining the accuracy and reliability of information
about missing people.

3 Carers and guardians are often frustrated that they have to
repeat information to multiple people, and their high levels
of stress may result in inaccuracies or omissions of
important information.

4 Many carers and parents will seek help early in theincident,
facilitating communication may help to increase the
accuracy of information exchange and reduce stress.

6 Participants in conditions without many-to-many audio
communication and those lacking comprehensive mapping
information about the current incident commented that
additional channels of communication would have assisted
them in their task.

3 6 Whilst additional spatial information about the search task
presented visually led to an increase in participant’s
subjective rating of their own situation awareness, it did not
lead to a significant increase in their knowledge of their
teammates positions (though a many-to-many audio channel
did). In addition, performance for those in the high visual
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condition tended to be worse than those in the low visual
condition (athough this difference was not significant).
Participants in the “high visual” condition, aso reported
being distracted by the information on their phones rather
than attending to the search task. Wickens “Multiple
Resources’ model of workload would also suggest that
performance of atask would decrease rapidly if a secondary
task also requires the similar cognitive resources.

4 5 The smart watch and mobile phone were the preferred
devicesof carersand guardiansfor use by aperson with care
and support needs. Reasons given for this preference,
included familiarity with these devices and functionality. In
other words; ‘A reason to wear it’.

7.5 DISCUSSION OF THE APPROACH

7.5.1 Description, Prediction, Intervention

The structure of thisthesis was based on the research paradigm of “Description,
Prediction, Intervention”, where each stage built upon the findings of the last.
A description of typical missing incidents from the perspectives of ‘searchers
was constructed via areview of relevant statistical and academic research into
Missing Incidents, and an analysis of first hand incident reports. Eliciting alist
of events and decisions which occurred during these incidents allowed for the
development of the protocol employed in the second study. This presented
participants with scenarios which resembled “typical” missing incidents and
allowed them to choose various actions normally made during these incidents.
In order to create a predictive model of decision-making an behaviour alarge
dataset was required; to this end, the protocol for the second study took the form
of aninteractive internet survey (to the author’ sknowledge, the first of itskind).
Using Markov modelling, probabilities of likely actions were able to be
determined. In addition, other factorswereidentified which werelikely to affect
incident strategies, which served as the independent variables in the natural
experiment. In chapter 4, a Markov model was presented (Figure 4.2 Markov
Model of Searcher Behaviour) which showed the likelihood of each decision
preceding another, and the effect of independent variableson thetotal decisions
made before contacting the police was aso examined. However, the data

elicited from this study also alows for multiple predictive models to be
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generated with relative ease. Multiple models can be generated from the data
which consider independent variables respectively; for example, separate
predictive models can be generated for the carers of adults and children, or for
those who look after people with relatively high mobility and relatively low
mobility. Due to considerations of brevity, these models were not included in
the thesis, but may be of use to those wishing to understand the differences
between these groups. One of the findings from this predictive model of
searcher behaviour is that most people will enlist help very early on in the
incident, which led to the development of atechnological intervention designed
to help small teams of people communicate effectively during a search task.
Various aspects of this intervention were separated out and tested in an
experiment in a naturally occurring environment and the results from the
experiment in conjunction with participant’ s comments about the technological
intervention, alowed for the development of design recommendations, which
constitute the “intervention” aspect of this thesis. Whilst the genera
understanding of “ Description, Prediction, Control” givenin Hale (2011) differs
dightly from what has been presented here®, it nevertheless remains a useful
framework for developing solutions to little understood problems. This
approach is likely to be applicable to other under-researched areas in which
practical real-world interventions are desperately needed.

7.5.2 Incident Analysis Techniques

This thesis drew upon Incident Analysis techniques first developed by
(Flanagan, 1954) and latter extended by Gary A Klein et a. (1989). Klein is
particularly interested in eliciting the so-called “ tacit-knowledge” of expertsand
the Critical Decision Method is an approach which seeks to understand how

4 “Control” in Hale's understanding may be taken to mean that the casual
relationship between two factors is known and controllable, whereas here it is
taken to mean that once predictive models are known, intervention becomes
possible, whether or not the exact causal relationship between factors has been
established.
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experts make rapid and effective decisions by asking them to give retrospective
accounts of incidents which were on the edge of their abilities. Study 1 in this
thesis utilised methods developed by Klein; in one case to understand expert
decision-making, but in another, to shed insight on commonalities between
similar incidents of non-experts. Whilst the goals of Klein’s research are often
about the development of training manuals and expert systems based upon a
practical understanding of solutionsto real-world domain specific problems, the
same methods have been used in this thesis in order to understand typical
responses to a particular type of incident. This approach seeks to derive a
comprehensive description of typical incidents, rather than normative rules for
best practice. In some respects, the structure of the Critical Decision Method
interviews lends itself more to the approach taken in this thesis, because as we
have seen, experts can be affected by the same decision-making biases and
heuristics as the rest of the population, and whilst it is almost a tautology that
experts make better decisionsin their respective fields, that does not mean they
are immune to error. Using the Critical Decision Method to describe current
behaviour rests upon far fewer assumptions than using the same approach to
derive prescriptive rules, such as those found in training documents or expert
systems and for this reason, there is a good case for using this method in non-

expert populations.

This thesis also built upon the Critical Decision Method in other ways. Wong
and Blandford (2004) demonstrated how Emergent Thematic Analysis could be
used to transcripts elicited from the Critical Decision Method in order to gain
greater insight whilst preserving the exploratory nature of the approach. The
work described here also uses thematic analysis, but analysis conducted across
two thematic dimensions; the critical decisionsthemselves, and “global themes’
which pervade acrossincidents. Braun and Clarke (2006), suggest that thematic
categories should be exclusive (thematic categories should not overlap) and
exhaustive (thematic categories should describe the entire dataset), but deciding
upon which thematic categories best describe the datais open to interpretation
on the part of the researcher. In the approach taken here, each dimension was
(respectively) exhaustive and contained exclusive thematic categories. A two-

staged approach alowed for separate aspects of the incident to be analysed
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independently, but further, using the cross referencing tools within N-Vivo, it
was al so possible to see how aspects from these two dimensions related to each
other. Chapter 3 described how this could be done with the “ Critical Decisions’
of the incidents with the “Global Themes’, this made it possible to better
understand the types of concerns and cognitive processes at each stage of the

incident.

Study 1 involved the development of individual timelines based on incident
reports of involved parties. Commonalities were identified across incidents for
both groupsinterviewed and two ‘ generalised’ timelineswere developed. These
generalised timelines were based upon action choices which participants
identified during the interviews as “Critical Decisions’, and serve as a
preliminary descriptive sketch of likely stages of missing incidents from the
perspectives of those conducting missing person searches. Finaly, in Study 2,
the structure of the study design wasinfluenced heavily by the Critical Decision
Method, but conducted prospectively instead of respectively. “Critica
Decisions’ were identified from Study 1, and then used as the fixed choices of
a vignette style survey for Study 2, and similarly to the Critica Decision
Method, participants were asked probing questions at each of these junctures.
This method represents a new approach to conducting incident analysis and
allows for large datasets to be generated without the associated time-costs
usually associated with the Critical Decision Method.

7.5.3 Modelling Hard to Observe Behaviours

A large part of this thesis was dedicated to modelling difficult to observe
behaviours in emergency situations, consequently, many of the methods
employed and developed in this thesis may be applicable to other important
domains (for example, emergency situations such as fires, earthquakes and
extreme weather events). In particular, Study 2 demonstrates how predictive
models can be generated from large amounts of data about difficult to observe
incidents. The basic method for conducting such a procedure is outlined in
Figure 4.1 The Structure of Interactive Vignettes, which isintentionally domain
neutral and applicable to other hard to observe behaviours or situations. Once
the data is collected, two ways of analysing and modelling decision-making

have been suggested. One of these models (Figure 4.2) relied on simple-state
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transitional probabilities (Markov Models) to determine likely decision
sequences, whereas the other (Figure 4.3) was constructed from standardised
residuals. It was suggested in Chapter 4 that the Markov Model was the most
appropriate model to understand the data from study 2 as the desired outcome
was in determining likely decision sequences (rather than understanding the
probability increases of on event given another). However, if this approach was
adopted by other studies, they may have different aims. If one wanted to
determine causal relationships between two events, the standardised residual
model would be far more appropriate. Additionally, one may wish to model the
effects of external events (that is, events not caused directly by the participant)
on decision choice. Using emergency fire evacuations, as an illustrative
example, it would be possible to set up asimilar experimental protocol in order
to determine the effects of hearing afire alarm sound on decision choice. When
participants choose between a fixed series of choices, rather than
deterministically assigning them to the next stage of the vignette based entirely
on the previous choice, participants could be assigned to one of multiple
conditions entirely at random. An analysis using standardised residuas would
then be able to determine the causal relationship (that is, the difference between
observed and expected outcomes) between hearing the fire aarm and
subsequent choice and by doing so, model the effect that hearing a fire alarm
had on that choice. The choice of which model to use for the analysis of the type
of data collected during Study 2 would depend upon the design of the study
protocol and the aims of the research. Thistype of analysisimplementsasimilar
approach to that taken by Lawson (2011), but rather than data collection from
interviews or virtual environments, data was collected viaan online survey. An
obvious advantage of such an approach isthat it isfar easier to collate datafrom
alarger population with relatively little scaling-up costs and far less associated
time-costs than conducting interviews. Thisin turn alows for an investigation
of differences between populations and greater statistical power and could be

applicable to awide variety of domains.

The approach taken here uses retrospective accountsto identify likely scenarios
and “critical decisions’, which are then used to form the basis of a scenario and

possible choices. This approach can yield rich qualitative data, as well as
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considerable quantitative data which can be used as the basis of predictive
models. Using digital online distribution methods, scenarios can be both
representative of rea incidents, yet aso personalised to evoke specific issues

that may influence participants decisions.

As Markov models become more accurate, they not only shed light on the
behaviours of decision-making within missing person search, but can aso be
used as outputs in their own right. Using validated predictive models of
behaviour help policy-makers refine their procedures for dealing with these
incidents, and help missing persons institutions and technology developers to
identify commonalities and typical sequences of activity.

7.5.4 Real-World Search Tasks

Thefina study presented in thisthesisinvolved teams of individual s conducting
“foraging-like” tasksin anaturally occurring outdoor environment. Whilst there
have been various studies which investigate visua search behaviours in
controlled laboratory settings (Duncan & Humphreys, 1989; Kiss et a., 2007,
Wolfe, 1994) and other studies which seek to model foraging behaviour in
virtual environments (Goldstone & Ashpole, 2004; Hills et al., 2008),
guantitative investigations of human spatial movements in time remain elusive
(Brockmann, Hufnagel, & Geisel, 2006). Various studies have sought to
understand human movement patterns over a far longer time scale than the
period immediately following a missing incident, (Brockmann et al., 2006;
Gonzdlez, Hidalgo, & Barabési, 2008) though, these are not investigations into
goa directed search tasks and shed little light on the expected behaviours of
individuals conducting missing person searches. Study 3, presented in this
thesisaims at better understanding how various communicational factors affect
the foraging success of small teams with a common goal. Whilst certainly not
an exhaustive investigation of human foraging strategy, this “treasure hunt”
experimental approach arguably has far higher validity than either the
traditional “visual search” paradigm, or conventional foraging research, as it
investigated how humans actually make spatial-navigation decisions in an
environment similar to one in which they may find themselves. Investigations
into foraging and search behaviours which take place in simulated (as opposed

to spatial) environments not only lack a certain element of face-validity, but
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“virtual” searches which do not require movement generate different
neurological firing patterns in the hippocampal place cellsin test animals than
navigation tasks which also involve movement (Chen, King, Burgess, &
O'Keefe, 2013) and subsequently, experiments which study movements within
virtual environments only may have limited relevance in describing spatial
search behaviours. Whilst testing theories related to Area-Restricted Search
(such as Lévy flight and) were beyond the scope of thisthesis, it would certainly
be possible to develop spatia foraging tasks combined with active tracking to
evaluate the movement patterns of humans conducting foraging tasks in
naturally occurring environments in order to test various theories relating to

spatial search.

7.6 THEORETICAL |SSUES

7.6.1 A New Paradigm for Understanding Missing Incidents

Despite there being numerous pieces of research investigating missing incidents
from many separate academic disciplines, the behaviour of carers, guardians
and parents during the early stages of missing incidents is noticeably under-
researched. This thesis began by bringing together statistical reports of missing
incidents, qualitative studies into the context in which missing incidents occur
and a variety of research paradigms to better understand behaviour, cognition
and decision-making during these incidents. Also discussed were two models
relevant to understanding missing incidents involving people who could be
considered vulnerable. Figure 2.3 Missing Person Conceptual Model highlights
the importance of understanding how various antecedent factors contribute to
missing incidents and Figure 2.4 Pearlin's stress-process model of stress in
carers indicates how various factors influence outcomes associated with the
provision of care. The work described in this thesis, aimed to build upon these
understandings within the context of missing incidents, and not only describe
the antecedent factors (such asin Figure 2.2), but further identify the extent that
specific isolated factors influenced search strategy. The third chapter of this
thesis identified seven types of decisions typically made by carers during
missing incidents, and the following chapter sought to determine the likelihood

and probably sequence of each decision. Additionaly, the influence of severd
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antecedent factors (such as, level of care recipient mobility and independence)
on search strategy were investigated and a hypothesis regarding the “least-
costly” necessary action was proposed based on the data (see Figure 4.8 Self-
Reported Worry and Decision Rank). This work goes some way to quantify the
influence of various background factors on search strategy, but should not be
considered an exhaustive list of those factors. The Carer/ Care recipient
relationship, for example, may be another factor which influences search
strategy during missing incidents. It may also bethe casethat certain unexplored
antecedent factors influence search strategy in away which were not uncovered
by either the interviews or the vignette study, this remains a question for future
work. Nevertheless, it is hoped that the approach described in thisthesisand the
identification of the seven decisions made by carers; and the factors which
influence those decisions, represents an important step in understanding these
incidents and may be of use to policy-makers, technology developers and other

stake-holders, as well as researchers working in the area of Missing Incidents.

7.6.2 Decision-Making in Complex, Real-World Situations

Whilst many studies investigating decision-making biases are conducted under
controlled laboratory conditions, using contrived “gambling” problems
(Preston, Buchanan, Stansfield, & Bechara, 2007; Smith & Kida, 1991; Wemm
& Wulfert, 2017). Relatively little work attempts to investigate how these
observed biases and heuristics might manifest themselves in complex real-
world environments, such as emergency situations. Typically, research which
investigates decision-making in real-world environments, does not attempt to
determine whether decisions are “rational” courses of action, but instead seeks
to determine how sufficing courses of action were made quickly, with only
partial information (G.A. Klein et a., 1988).

Animplicit goa of the work in this thesis was to discover whether such biases
and heuristics would manifest themselves during missing incidents, with the
intention that these biases could be overcome, and in turn result in better
outcomes for missing people and reduced emotional anxiety for those
conducing searches. However, Missing Incidents are vastly complex and
situation dependent and therefore it often it is difficult to determine the
“rational” course of action in order to ascertain whether any particular decision
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differed from this expected ideal. Unlike the artificial wagers often used to
describe cognitive biases within the field now known as “Behavioura
Economics’, (Daniel Kahneman & Amos Tversky, 1979; Thaler et al., 1997;
Tversky & Kahneman, 1973), decision-making in the real-world does not have
easily calculated expected utility values, returns on investment, or indeed, even
strict delineations of possible choices. Furthermore, even if it were possible to
fully calculate these values, the specific situations in which Missing Incidents
occur vary substantially, and what may be considered a“rational” choicein one
situation, may not be so rational in another. It may indeed be possible to
highlight specific examples of cognitive biases which manifest themselves
within Missing Incidents (such as the sunk-cost fallacy, the endowment
principle, and the availability heuristic), but it isunlikely that such findings will
ever be able to determine the “rational” course of action that carers and
guardians should follow in a given situation due to the high level of individual
differences, persona preferences and behavioura histories of the missing
people themselves. If anything, the work described in this thesis demonstrates
that those conducting missing person searches largely make sensible decisions,
despite the high levels of stress and emotional arousal during these incidents.
Figure4.7 First Reported Worry by Total Choicesindicatesthat people are more
likely to call the police the more worried they are about the missing person; and
the level of worry, correlates to the level of mobility and independence of the
missing person (Figure 4.5, Figure 4.6). Figure 4.8 Self-Reported Worry and
Decision Rank also demonstrates that people who are more worried about the
missing person, will engage in activities which are likely to have a higher
perceived cost, which may indicate that actions are broadly proportionate to the

perceived risk.

The approach taken in this thesis demonstrates how successive levels of
explanation (description, prediction, control) can build upon each other and
provides a framework for other decision-making research and technology

development in hard to observe, real world environments.
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7.7 CHAPTER SUMMARY

This chapter provided a discussion of the central findings of the research;
highlighting numerous issues which face those carers and parents conducting
missing person searches as well as providing a series of key design
recommendations for those wishing to develop solutions. The general approach
of the thesis was discussed as well as a discussion of the novel methodological
contributions of the studies. Finally, the theoretical contributions of the research
were discussed. The following chapter will demonstrate how this work
addresses the research question and aims, as well as the limitations of the thesis
and areas for further work, before concluding with a summary of the work
conducted.
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8 CONCLUSION

8.1 REVIEW OF AIMS
The aims of the research as identified in Chapter 1 will be highlighted, in order

to demonstrate how the work in this thesis addresses them.

1. To establish a descriptive framework for understanding Missing
Incidents, based upon a synthesis of relevant existing resear ch and
an investigation into “real-life’ missing person searches.

(Description)

In Chapter 2 of this thesis, the public, social and persona costs of Missing
Incidents were discussed, with special consideration given to at risk groups,
including people living with Dementia. A Human Factors approach to
understanding the problem was put forward with reference to the “Onion”
model; which focuses primarily on people, technol ogy and artefacts, attempting
to achieve goals and situated with a wider physical and social context. Various
frameworks were discussed which describe how humans navigate, search and
make decisions in time-critical environments under stress. A methodology
designed for investigating decision-making in naturally occurring environments
based upon difficult incidents, known as the “Critical Decision Method”, was
used to discover the how missing incidents unfold, and to examine the factors
which effect decision making under these conditions. Numerous models have
been discussed and developed (e.g. Figure 3.3 Decision Sequence Timeline of
Carers, Figure 3.5 Reactive Search Strategies of Carers, Figure 4.3 Standardised
Residual Model of Searcher Behaviour). This thesis, draws together numerous
disparate areas of research and together with origina empirica findings,
provides aframework for understanding missing incidents.

2. Toform thebasisof apredictive mode of human behaviour during
missing per son sear ch, including the identification of factorswhich
affect carer search strategies. (Prediction)

Chapter 4 of this thesis built upon previous, more qualitative, descriptive

findings in order to ideate a fictional, yet (seemingly typical) scenario to
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discover what parents and carers would do if a person they cared for became
missing. A study was conducted which included 272 participants, whose
responses to the scenario were recorded. Numerous factors which were thought
to affect decision-making within missing person searches were identified and
recorded for each participant and statistical tests investigated whether there
were significant differences between decision-making and these factors. It was
discovered that independence and mobility are correlated with postponing
contact with the police. Using another analytical approach, each possible stage
in the scenario was modelled asa* state”, and aMarkov model was created. The
Markov model (Figure 4.2) illustrates the likelihood of any given participant
making a particular decision given their previous decision. The Markov model
demonstrates likely decision sequences, and numerous such possible predictive
model s can be created from the dataset which indicate how different popul ations
are likely to react to these incidents. It is possible for example, to create
predictive models which use only a particular subset of the population in order
to make those predictions more specific to that particular group. One might be
interested in identifying if there are different strategies employed between male
and female carers, or if the carers of people who are independent differ in their
approach from those who look after people who are more dependent. With a
large enough dataset, it would be possible to produce numerous, models which
would be more specific to multiple target populations. Each of these models
would have to be independently validated in order to assess their predictive
performance, but subsequently, would be more likely to be accurate as they
reduce the heterogeneity of the dataset from which the models are produced.

3. Todevelop evidence-based recommendations and guidance for the
creation of future assistive technologies designed to help with
missing person sear ch. (I ntervention).

The studiesin thisthesis shed insight on how people are likely to behave during
missing incidents; a critical stage in identifying the user-requirements of a
possible future system. Study 1 and study 2 indicate that participants will seek
the assistance of a peer, early on in the incident. Surveys distributed to
participants during study 2, indicate user-preferences for assistive technologies

that could be used during missing incidents (Figure 5.3) and participants

228



indicated strong preferences for smart phone and smart watch devices.
However, interviewees during study 1 and respondents in study 2 stated a
concern over specialist tracking technologies and overly restrictive measures.
For thisreason, a prototype technological intervention was designed, devel oped
and tested which would alow small teams to communicate effectively during
the initial stages of a missing incident. This design concept does not depend
upon any wearable device being worn by a person at risk and thus avoids
concerns associated with intrusive surveillance. Lessons learnt during thistrial,
along with genera findings from the thesis were used to inform a series of
design guidelines for the development of assistive technologies described in

chapter 7.

8.2 LIMITATIONSAND FUTURE WORK

Whilst the work described here addresses the aims of the thesis, there are a
number of areas in which it could be expanded upon. For example, other
stakeholders who areinvolved with Missing Persons could be interviewed using
the methodology outlined in Study 1; these include, charity and NGO workers,
local police forces and at risk people themselves. These additional perspectives
would further help to elucidate how incidents unfold and could be integrated
with the findings from the Study 1 in order to develop a much more holistic
understanding of the different requirements and constraints of other decision-

makers involved in Missing Incidents.

Theinteractive scenario study as described in Chapter 4, could aso be extended
upon in a multitude of different ways. For example, it may be possible to
identify other antecedent factors which influence decision-making within
Missing Person search and measure these as independent variables within the
study. These might include; specific care needs, history of hard to manage
behaviours and closeness of care-caree relationship. Additionally, a larger
dataset may be able to identify hitherto undiscovered relationships between
variables that are not significant within the current data (e.g. gender). Another
way in which the study could be expanded upon is with the addition of
randomised choice outcomes. For example, a particular decision (like search

around the neighbourhood) could lead to one of two or more possible vignettes.
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This approach would facilitate an investigation of the causal relationships
between choice outcome and the next course of action. Using the standardised
residual approach to analysis as demonstrated by Figure 4.3, one would be able
to determine the causal effect of different decision outcomes on future

decisions.

The Application tested in Study 3, was generaly well received by participants,
and there was evidence that additional modes of communication enhanced both
participants knowledge of the situation and their own assessment of that
knowledge. However, there are some suggestions made by participants who
took part in the experiment which may warrant further investigation. One such
example was planning features, whereby users would be able to highlight
specific areas on the map to assign to specific people. More crucially however,
is the problem of low realism. Despite the fact that participants conducted the
experiment in a naturally occurring environment, it is a mistake to assume that
the experiment is a perfect replication of real missing incidents. The level of
emotional anxiety and stress are likely to be far higher in rea incidents than in
an artificial experiment and this may have a substantial impact on not only the
strategies employed by searchers, but may aso affect their use of the
application. In order to discover how this application would be used in missing
incidents; it would need to be devel oped further to include built-in open channel
audio communications, friendlists and other security features necessary for
handling sensitive data. If these features were included, it could to be evaluated
inalongitudina study investigating its usein real incidents. Such a study might
seek to recruit the carers of high-risk groups, over a longer period of time in
order to assess how the application performs “in the wild”. The feedback from
these users could be used as part of an iterative or participatory design process,
where users comments and feedback are used to inform improvements on a
new iteration. However; the study design and technology itself would have to
overcome a multitude of ethical issues if it were to be used during missing
incidents. The storage, processing and exchange of data would have to conform
to current regulations; particularly as the data stored may contain sensitive data
about people with care and support needs. The application would need to be

robust; free from software bugs and resilient to user-error. Moreover, the
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usefulness of the application would need to be made evident to all those
involved and concerns over the high visual demand would need to be addressed.
When developing technological interventions designed to assist in high-stakes
time critical incidents, every concelvable ethical precaution should be
considered. Discussions with care providers and other stakeholders may
highlight additional, as yet unforeseen issues as well as indicate how such a
system could be integrated with existing systems. It is crucially important that
the development of such systems do not cause undue risk to those involved and

that the benefits of any trial are weighed against any risks or associated costs.

8.3 CONCLUSIONS
The work in this thesis aimed to answer the research question:

“How can technology be used to support guardians and carers during
missing incidents?”’

The thesis began by demonstrating why this is a question worthy of serious
consideration; highlighting the personal, economic and societal costs of missing
incidents. Missing incidents cause undue stress to carers and family members
and present considerable risk to vulnerable people. In addition, hard to manage
behaviours (such as missing incidents) are a significant contributor to the
breakdown of familial care and subsequent institutionalisation; often resulting
in lower quality of life and increased public cost. For these reasons, there is a
pressing need for effective interventions based upon an informed understanding
of human behaviour, emotion and cognition, during emergency, time-critica
situations. The development and adoption of personal and mobile computing
presents unique opportunities within this domain, as well as within the area of
health and wellbeing more generally. However, solutions which are not
informed by the actualities of human behaviour risk unexpected user-behaviour
and catastrophic system failure. To thisend, a series of design recommendations
were devel oped which are based upon findings from the three studies described
inthisthesis. Thethesis adopted athree-stage approach to addressing the central
research question; with each stage building upon the knowledge and
explanatory power of the last.
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Various research approaches relevant to Missing Incidents were identified and
discussed, with particular focus dedicated to decision-making paradigms.
“Naturalistic Decision Making”, is one such framework, which can be broadly
characterised as the study of decision-making in complex real-world, naturally
occurring environments. The “Critical Decision Method”, is a research
methodology within the Naturalistic Decision Making framework which uses
retrospective accounts of incidents to discover the tacit knowledge of
practitioners. Using this method, six critical decisions wereidentified for carers
conducting missing person searches, and seven for search and rescue
volunteers. In addition, several key concerns and major considerations affecting
carers conducting missing incidents were observed; it was discovered that most
carers will enlist the help of a family member, friend or colleague early on in
the incident; both to assist with the physical act of searching, but also to provide
emotional support and reassurance. Carers also discussed the competing
concerns of safety with the desire to request the liberty and autonomy of the

missing person.

Using this understanding, alarge scal e interactive scenario study was designed.
Parti cipants were presented with afictitious scenario in which areal person that
they knew became missing. Critical Decisions which were identified in the
previous study served as the basis of afixed series of choices in the scenario.
The scenario study used quantitative measures (decision-choices, self-reported
worry, carer mobility and independence) aswell asalowing for qualitative open
responses to questions. This approach alowed for a more thorough
investigation and verification of the findings in Study 1, as well enabling a
predictive model to be put forward and an examination of various factorswhich
affect overall strategy. Using an online distribution method for the vignette
study aso alowed for a small optional survey about assistive technologies to
be added included in order to assess genera opinions and attitudes held by

carers and other potential end-users.

In the following chapter, some of the main findings from the previous studies
were discussed, in relation to the development of new technologies and a
summary of currently available technologies showed the shortfals of these

solutions. A design concept was suggested which alowed for small teams of
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individual s conducting missing person searchesto communi cate with each other
viaashared visual and audio channel. This design concept was developed into
an Android application, for experimental purposes. Which not only
implemented the additional modes of communications, but also allowed for
participants movements to be tracked in real time whilst conducting a search
task.

A third study investigated the use of this application to test the effects of various
modes of communi cation on search performance and shared situation awareness
in anaturally occurring environment. No significant differencesin performance
were observed in the experiment; however, teams with a shared visua channel
reported a higher perceived situation awareness than those without. Conversely,
those with a shared audio channel performed significantly better on a

questionnaire designed to test knowledge of the incident.

The main findings of the thesis were discussed in Chapter 7 and a series of
evidence-based design recommendations were put forward based upon the work
in this thesis. These include; facilitating the co-ordination of teams of first
responders, facilitating a rapid exchange of reliable information between
relevant parties, minimising the visual demand of any device intended to help
those conducting searches, making the device have a“purpose’. It is hoped that
these recommendations will be of benefit to those wishing to design technol ogy
for mitigating and managing missing incidents. Thiswork represents an attempt
at a systematic understanding of how missing incidents unfold, how decision-
making within missing incidents can be predicted, and ultimately how
technology can be used address the problem.

233



9 REFERENCES

2018 NCIC Missing Person and Unidentified Person Statistics. (2019). Retrieved from
https://www.fbi.gov/file-repository/2018-ncic-missing-person-and-
unidentified-person-statistics.pdf/view

Adams, J. A., Cooper, J. L., Goodrich, M. A., Humphrey, C., Quigley, M., Buss, B. G., &
Morse, B. S. (2007). Camera-equipped mini UAVs for wilderness search
support: Task analysis and lessons from field trials. Journal of Field Robotics,
25(1-2).

Adams, J. A., Humphrey, C. M., Goodrich, M. A,, Cooper, J. L., Morse, B. S., Engh, C., &
Rasmussen, N. (2009). Cognitive task analysis for developing unmanned aerial
vehicle wilderness search support. Journal of cognitive engineering and
decision making, 3(1), 1-26.

Addison, K. (2014). Facts about Carers. Retrieved from

Aitchison, J., & Dunsmore, |. R. (1980). Statistical Prediction Analysis: Cambridge
University Press.

Akpan-ldiok, P. A., & Anarado, A. N. (2014). Perceptions of burden of caregiving by
informal caregivers of cancer patients attending University of Calabar
Teaching Hospital, Calabar, Nigeria. Pan Afr Med J, 18, 159-159.
doi:10.11604/pamj.2014.18.159.2995

10.11604/pam;j.2014.18.159.2995. eCollection 2014.

Alexander, C.S., & Becker, H. J. (1978). The Use of Vignettes in Survey Research. Public
Opinion Quarterly, 42(1), 93-104. doi:10.1086/268432

Algase, D. L. (2006). What's new about wandering behaviour? An assessment of
recent studies. International Journal of Older People Nursing, 1(4), 226-234.
doi:10.1111/j.1748-3743.2006.00043.x

Algase, D. L., Beck, C., Kolanowski, A., Whall, A., Berent, S., Richards, K., & Beattie, E.
(1996). Need-driven dementia-compromised behavior: An alternative view of
disruptive behavior. American Journal of Alzheimer's Disease, 11(6), 10-19.
do0i:10.1177/153331759601100603

Ali, N., Luther, S. L., Volicer, L., Algase, D., Beattie, E., Brown, L. M., . . . Joseph, I.
(2016). Risk assessment of wandering behavior in mild dementia.
International  Journal of Geriatric  Psychiatry, 31(4), 367-374.
doi:10.1002/gps.4336

Allan, L. G. (1979). The perception of time. Perception & Psychophysics, 26(5), 340-
354. doi:10.3758/BF03204158

Allegri, R. F., Sarasola, D., Serrano, C. M., Taragano, F. E., Arizaga, R. L., Butman, J., &
Lof, L. (2006). Neuropsychiatric symptoms as a predictor of caregiver burden
in Alzheimer’s disease. Neuropsychiatric Disease and Treatment, 2(1), 105-
110.

Alves, W. M., & Rossi, P. H. (1978). Who Should Get What? Fairness Judgments of the
Distribution of Earnings. American Journal of Sociology, 84(3), 541-564.
doi:10.1086/226826

Andersen, C. K., Wittrup-Jensen, K. U., Lolk, A., Andersen, K., & Kragh-Sgrensen, P.
(2004). Ability to perform activities of daily living is the main factor affecting
quality of life in patients with dementia. Health and Quality of Life Outcomes,
2(1), 52-52. doi:10.1186/1477-7525-2-52

Anderson, M., & Perrin, A. (2017). Technology Use Among Seniors. Retrieved from
http://www.pewinternet.org/2017/05/17/technology-use-among-seniors/

234



Anstey, K., J/, & Low, L., F. (2004). Normal cognitive changes in aging. Australian
Family Physician, 33(10), 783-787.

Appleyard, D. (1970). Styles and Methods of Structuring a City. Environment and
Behavior, 2(1), 100-117. doi:10.1177/001391657000200106

Arkes, H. R., & Blumer, C. (1985). The psychology of sunk cost. Organizational
Behavior and  Human Decision Processes, 35(1), 124-140.
doi:https://doi.org/10.1016/0749-5978(85)90049-4

Aud, M. A. (2004). Dangerous wandering: elopements of older adults with dementia
from long-term care facilities. American Journal of Alzheimer's Disease and
other Dementias, 19(6), 361-368.

Bachner, Y. G., & O’'Rourke, N. (2007). Reliability generalization of responses by care
providers to the Zarit Burden Interview. Aging & Mental Health, 11(6), 678-
685. d0i:10.1080/13607860701529965

Bantry White, E., & Montgomery, P. (2015). Dementia, walking outdoors and getting
lost: incidence, risk factors and consequences from dementia-related police
missing-person reports. Aging & Mental Health, 19(3), 224-230.

Bantry White, E., & Montgomery, P. (2016). Supporting people with dementia to
walkabout safely outdoors: development of a structured model of
assessment. Health & Social Care in the Community, 24(4), 473-484.
doi:10.1111/hsc.12226

Barter, C., & Renold, E. (1999). The Use of Vignettes in Qualitative Research. Social
Research Update(25).

Bastawrous, M. (2013). Caregiver burden--a critical discussion. Int J Nurs Stud, 50(3),
431-441. doi:10.1016/j.ijnurstu.2012.10.005

10.1016/j.ijnurstu.2012.10.005. Epub 2012 Nov 3.

Beck, Z., Teacy, L., Rogers, A., & Jennings, N. R. (2016). Online planning for
collaborative search and rescue by heterogeneous robot teams. Paper
presented at the Proceedings of the 2016 International Conference on
Autonomous Agents & Multiagent Systems.

Belleville, S., Peretz, I., & Malenfant, D. (1996). Examination of the working memory
components in normal aging and in dementia of the Alzheimer type.
Neuropsychologia, 34(3), 195-207. doi:https://doi.org/10.1016/0028-
3932(95)00097-6

Benkoski, S. J., Monticino, M. G., & Weisinger, J. R. (1991). A survey of the search
theory literature. Naval Research Logistics (NRL), 38(4), 469-494.

Bergen, J. R., & Julesz, B. (1983). Parallel versus serial processing in rapid pattern
discrimination. Nature, 303(5919), 696-698.

Beynon-Davies, P. (1995). Information systems ‘failure’: the case of the London
Ambulance Service's Computer Aided Despatch project. European Journal of
Information Systems, 4(3), 171-184. doi:10.1057/ejis.1995.20

Bhavnani, S. P., Narula, J., & Sengupta, P. P. (2016). Mobile technology and the
digitization of healthcare. European Heart Journal, 37(18), 1428-1438.
doi:10.1093/eurheartj/ehv770

Biehal, N., Sinclair, I., & Wade, J. (2015). Reunifying abused or neglected children:
Decision-making and outcomes. Child Abuse & Neglect, 49, 107-118.
doi:https://doi.org/10.1016/j.chiabu.2015.04.014

Bockting, W. O., Miner, M. H., Swinburne Romine, R. E., Hamilton, A., & Coleman, E.
(2013). Stigma, Mental Health, and Resilience in an Online Sample of the US
Transgender Population. American Journal of Public Health, 103(5), 943-951.
doi:10.2105/AJPH.2013.301241

235



Boose, J. H., & Gaines, B. R. (1989). Knowledge Acquisition for Knowledge-Based
Systems: Notes on the State-of-the-Art. Machine Learning, 4(3), 377-394.
doi:10.1023/A:1022662924615

Bowen, J., Teri, L., Kukull, W., McCormick, W., McCurry, S. M., & Larson, E. B. (1997).
Progression to dementia in patients with isolated memory loss. The Lancet,
349(9054), 763-765. doi:https://doi.org/10.1016/S0140-6736(96)08256-6

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative

Research in Psychology, 3(2).
doi:http://www.tandfonline.com/doi/abs/10.1191/1478088706qp0630a#.V
tWbj mLTcs

Brittain, K., Degnen, C., Gibson, G., Dickinson, C., & Robinson, L. (2017). When walking
becomes wandering: representing the fear of the fourth age. Sociology of
Health & lllness, 39(2), 270-284. doi:10.1111/1467-9566.12505

Brockmann, D., Hufnagel, L., & Geisel, T. (2006). The scaling laws of human travel.
Nature, 439(7075), 462-465. doi:10.1038/nature04292

10.1038/nature04292.

Brown, J. S., Collins, A., & Duguid, P. (1989). Situated Cognition and the Culture of
Learning. Educational Researcher, 18(1), 32-42.
doi:10.3102/0013189X018001032

Brown, K. M., Keppel, R. D., Weis, J. G., & Skeen, M. E. (2006). Investigative case
management for missing children homicides: Report Il. Washington, DC:
Washington State Attorney General’s Office, US Department of Justice, Office
of Juvenile Justice and Delinquency Prevention.

Bryant, K. J. (1982). Personality correlates of sense of direction and geographic
orientation. Journal of Personality and Social Psychology, 43(6), 1318-1318.

Buckner, L., & Yeandle, S. (2015). Valuing Carers: The rising value of Carers Support.
Retrieved from

Bulat, T., Kerrigan, M. V., Rowe, M., Kearns, W., Craighead, J. D., & Ramaiah, P. (2016).
Field Evaluations of Tracking/Locating Technologies for Prevention of Missing
Incidents. American Journal of Alzheimer's Disease and other Dementias,
31(6). doi:10.1177/1533317515619479

Bureau, U. M. P. (2016). Missing Persons Data Report 2014/2015. Retrieved from

Burke, J. L., Murphy, R. R., Coovert, M. D., & Riddle, D. L. (2004). Moonlight in Miami:
Field study of human-robot interaction in the context of an urban search and
rescue disaster response training exercise. Human—Computer Interaction,
19(1-2), 85-116.

Cacioppo, J. T., & Gardner, W. L. (1999). Emotion. Annu Rev Psychol, 50, 191-214.
doi:10.1146/annurev.psych.50.1.191

Canada, A. s. S. Normal aging vs dementia. Retrieved from
http://www.alzheimer.ca/en/About-dementia/What-is-dementia/Normal-
aging-vs-dementia

Cancedda, A. D., Laurie.

Dimitrova, Dafina.

Gosset, Martin. (2014). Missing Children in the European Union Mapping, data

collection and statistics. Retrieved from Belgium:

http://missingchildreneurope.eu/Portals/0/Docs/1709 missing children study 201

3 en original 1.pdf

Canter, D. V. (1980). Fires and human behaviour: John Wiley & Sons.

Carroll, J. M. (2003). Making Use: Scenario-Based Design of Human-Computer
Interactions: The MIT Press.

236



Catchpole, K. (2013). Spreading human factors expertise in healthcare: untangling the
knots in people and systems: BMJ Publishing Group Ltd.

Chamberlain, A., Crabtree, A., Rodden, T., Jones, M., & Rogers, Y. (2012). Research in
the wild: understanding 'in the wild" approaches to design and development.
Paper presented at the Proceedings of the Designing Interactive Systems
Conference, Newcastle Upon Tyne, United Kingdom.

Chapman, C. N., & Milham, R. P. (2006). The Personas' New Clothes: Methodological
and Practical Arguments against a Popular Method. Proceedings of the
Human Factors and Ergonomics Society Annual Meeting, 50(5), 634-636.
doi:10.1177/154193120605000503

Chen, G., King, J. A., Burgess, N., & O'Keefe, J. (2013). How vision and movement
combine in the hippocampal place code. Proceedings of the National
Academy of Sciences, 110(1), 378-383. doi:10.1073/pnas.1215834110

Chipman, S. F., Schraagen, J. M., & Shalin, V. L. (2000). Introduction to cognitive task
analysis. Cognitive task analysis, 3-23.

Choe, J. Y., Youn, J. C,, Park, J. H., Park, I. S., Jeong, J. W., Lee, W. H.,, . . . Kim, K. W.
(2008). The Severe Cognitive Impairment Rating Scale — An Instrument for the
Assessment of Cognition in Moderate to Severe Dementia Patients. Dementia
and Geriatric Cognitive Disorders, 25(4), 321-328.

Cicourel, A. V. (1982). Interviews, Surveys, and the Problem of Ecological Validity. The
American Sociologist, 17(1), 11-20.

Clark, R. E., Feldon, D., van Merriénboer, J. J. G., Yates, K., & Early, S. (2008). Cognitive
task analysis. Handbook of research on educational communications and
technology, 3, 577-593.

Cohen, C. A., Colantonio, A., & Vernich, L. (2002). Positive aspects of caregiving:
rounding out the caregiver experience. Int J Geriatr Psychiatry, 17(2), 184-
188.

Cooper, C., Katona, C., Orrell, M., & Livingston, G. (2006). Coping strategies and
anxiety in caregivers of people with Alzheimer's disease: the LASER-AD study.
J Affect Disord, 90(1), 15-20. doi:10.1016/j.jad.2005.08.017

Cooper, D,, C., Jones, A., Howells, P., Jones, C., Read, A., O'Shea, J., . . . Layland, R.
(2008). Search Planning and Management.

Corcoran, M. A,, Gitlin, L. N., Levy, L., Eckhardt, S., Earland, T. V., Shaw, G., & Kearney,
P. (2002). An Occupational Therapy Home-Based Intervention to Address
Dementia—Related Problems Identified by Family Caregivers. Alzheimer's Care
Today, 3(1), 82-90.

Crandall, B., Klein, G. A., & Hoffman, R. R. (2006). Working minds: A practitioner's
guide to cognitive task analysis: Mit Press.

Darken , R., P., & Peterson , B., B. (2001). Spatial Orientation, Wayfinding, and
Representation. In K. Stanney, M. (Ed.), Handbook of Virtual Environments:
Design, Implementation, and Applications (pp. 493-518): Erlbaum.

DeYoung, R., & Buzzi, B. (2003). Ultimate Coping Strategies: The Differences among
Parents of Murdered or Abducted, Long-Term Missing Children. OMEGA -
Journal of Death and Dying, 47(4), 343-360. doi:10.2190/QYTT-GC1X-MNLX-
6WLU

Dodds, P. (1994). Wandering: A short report on coping strategies adopted by informal
carers. International Journal of Geriatric Psychiatry, 9(9), 751-756.
doi:10.1002/gps.930090910

Donald A. Hantula, Diane DiClemente Brockman, & Smith, C. L. (2008). Online
Shopping as Foraging: The Effects of Increasing Delays on Purchasing and

237



Patch Residence. IEEE Transactions on Professional Communication, 51(2),
147-154. doi:10.1109/TPC.2008.2000340

Du Plessis, E. (1994). Recognition versus recall. Journal of Advertising Research, 34(3),
75-92.

Duncan, J., & Humphreys, G. W. (1989). Visual search and stimulus similarity. Psychol
Rev, 96(3), 433-458.

Durso, F. T., Hackworth, C. A,, Truitt, T. R., Crutchfield, J., Nikolic, D., & Manning, C. A.
(1998). Situation awareness as a predictor of performance for en route air
traffic controllers. Air Traffic Control Quarterly, 6(1), 1-20.

Eastwood, J. D., Smilek, D., & Merikle, P. M. (2001). Differential attentional guidance
by unattended faces expressing positive and negative emotion. Percept
Psychophys, 63(6), 1004-1013.

Ellison, A., Schindler, I., Pattison, L. L., & Milner, A. D. (2004). An exploration of the
role of the superior temporal gyrus in visual search and spatial perception
using TMS. Brain, 127(10), 2307-2315.

Emlen, J. M. (1966). The Role of Time and Energy in Food Preference. The American
Naturalist, 100(916), 611-617. doi:10.1086/282455

Endsley, M. R. (1988, 23-27 May 1988). Situation awareness global assessment
technique (SAGAT). Paper presented at the Proceedings of the IEEE 1988
National Aerospace and Electronics Conference.

Endsley, M. R. (1990). Predictive utility of an objective measure of situation
awareness. Paper presented at the Proceedings of the Human Factors Society
annual meeting.

Endsley, M. R. (1995). Toward a Theory of Situation Awareness in Dynamic Systems.
Human Factors, 37(1), 32-64. doi:10.1518/001872095779049543

Endsley, M. R,, Bolte, B., & Jones, D. G. (2003). Designing for Situation Awareness: An
Approach to User-Centered Design: Taylor & Francis.

Eska, K., Graessel, E., Donath, C., Schwarzkopf, L., Lauterberg, J., & Holle, R. (2013).
Predictors of Institutionalization of Dementia Patients in Mild and Moderate
Stages: A 4-Year Prospective Analysis. Dementia and Geriatric Cognitive
Disorders EXTRA, 3(1), 426-445. doi:10.1159/000355079

Europe, M. C. (2018). Figures and Trends 2017. Retrieved from
http://missingchildreneurope.eu/Portals/0/Docs/Annual%20and%20Data%2
Oreports/Figures%20and%20Trends%20Report%202017.pdf

Evans, S. C., Roberts, M. C., Keeley, J. W., Blossom, J. B., Amaro, C. M., Garcia, A. M., .

. Reed, G. M. (2015). Vignette methodologies for studying clinicians’
decision-making: validity, utility, and application in ICD-11 field studies.
International Journal of Clinical and Health Psychology, 15(2), 160-170.

Eysenck, M. W., & Eysenck, M. C. (1979). Processing depth, elaboration of encoding,
memory stores, and expended processing capacity. Journal of Experimental
Psychology: Human Learning and Memory, 5(5), 472-484. doi:10.1037/0278-
7393.5.5.472

FDA. Digital Health. Retrieved from
https://www.fda.gov/medicaldevices/digitalhealth/

Feldman, H. H., & Woodward, M. (2005). The staging and assessment of moderate to
severe Alzheimer disease. Neurology, 65(6 suppl 3), S10-S17.
doi:10.1212/WNL.65.6_suppl_3.510

Finch, J. (1987). The Vignette Technique in Survey Research. Sociology, 21, 9.

Flanagan, J. C. (1954). The critical incident technique. Psychological Bulletin, 51(4),
327-327.

238



Fracker, M. L., & Wickens, C. D. (1989). Resources, confusions, and compatibility in
dual-axis tracking: displays, controls, and dynamics. J Exp Psychol Hum
Percept Perform, 15(1), 80-96.

Freundshuh, S. (2001). Wayfinding in Navigation Behaviour International
Encyclopedia of the Social & Behavioural Sciences (pp. 16391-16394).
Gabrecht, K. M. (2016). Human factors of semi-autonomous robots for urban search

and rescue.

Ganguli, M., Snitz, B. E., Saxton, J. A., & et al. (2011). Outcomes of mild cognitive
impairment by definition: A population study. Archives of Neurology, 68(6),
761-767. doi:10.1001/archneurol.2011.101

Gauthier, S., Reisberg, B., Zaudig, M., Petersen, R. C., Ritchie, K., Broich, K., . . .
Winblad, B. (2006). Mild cognitive impairment. The Lancet, 367(9518), 1262-
1270. doi:https://doi.org/10.1016/S0140-6736(06)68542-5

George, M. (2001). It could be you: a report on the chances of becoming a carer.
Retrieved from London:

Gigerenzer, G., & Gaissmaier, W. (2011). Heuristic Decision Making. Annu Rev Psychol,
62(1), 451-482. doi:10.1146/annurev-psych-120709-145346

Gigerenzer, G., & Goldstein, D. G. (1996). Reasoning the fast and frugal way: Models
of bounded rationality. Psychological Review, 103(4), 650-669.
doi:10.1037/0033-295X.103.4.650

Goldstein, D. G., & Gigerenzer, G. (2002). Models of ecological rationality: The
recognition heuristic. Psychological Review, 109(1), 75-90. doi:10.1037/0033-
295X.109.1.75

Goldstone, R. L., & Ashpole, B. C. (2004). Human foraging behavior in a virtual
environment. Psychon Bull Rev, 11(3), 508-514.

Golledge, R., G. (1999). Human Cognitive Maps and Wayfinding. In R. Golledge, G.
(Ed.), Wayfinding Behaviour. Maryland: Johns Hopkins University Press.

Goncalves-Pereira, M., & Zarit, S. H. (2014). The Zarit Burden Interview in Portugal:
Validity and recommendations in dementia and palliative care. Acta Med
Port, 27(2), 163-165.

Gonzalez, M. C., Hidalgo, C. A., & Barabasi, A.-L. (2008). Understanding individual
human mobility patterns. Nature, 453, 779-779. doi:10.1038/nature06958
https://www.nature.com/articles/nature06958#supplementary-information

Greiner, C., Makimoto, K., Suzuki, M., & Yamakawa, M. (2013). Reliability and validity
of the Algase Wandering Scale —version 2 for Japanese people with dementia.
Nursing & Health Sciences, 15(4), 480-488. doi:10.1111/nhs.12061

Hale, J. (2011). The 3 Basic Types of Descriptive Research Methods. Psych Central.
Retrieved on August 23, 2014.

Halek, M., & Bartholomeyczik, S. (2012). Description of the behaviour of wandering in
people with dementia living in nursing homes — a review of the literature.
Scandinavian Journal of Caring Sciences, 26(2), 404-413. doi:10.1111/j.1471-
6712.2011.00932.x

Harrington, K., Fulton, P., Brown, M., Pinchin, J., & Sharples, S. (2015). Digital
Wellbeing Assessments for People Affected by Dementia. In M. Kurosu (Ed.),
Human-Computer Interaction: Users and Contexts: 17th International
Conference, HCl International 2015, Los Angeles, CA, USA, August 2-7, 2015,
Proceedings, Part Il (pp. 409-418). Cham: Springer International Publishing.

Hart, R. A., & Moore, G. T. (1973). The Development of Spatial Cognition: A Review
Image & environment: Cognitive mapping and spatial behavior. (pp. 246-288).
New Brunswick, NJ, US: AldineTransaction.

239



Hayden, C., & Goodship, J. (2013). Children Reported ‘Missing’ to the Police: Is It
Possible to ‘Risk Assess’ Every Incident? The British Journal of Social Work,
45(2), 440-456. doi:10.1093/bjsw/bct150

Hazel, N. (1995). Elicitation Techniques with Young People. Social Research
Update(12).

Hermans, D., Htay, U., & Cooley, S. J. (2007). -Non-pharmacological interventions for
wandering of people with dementia in the domestic setting. The Cochrane
Library.

Herring, J., & Wall, J. (2015). Autonomy, capacity and vulnerable adults: filling the gaps
in the Mental Capacity Act. Legal Studies, 35(4), 698-719.
doi:doi:10.1111/lest.12094

Hew, P., & Sunshine, W. (2002). Urban Search and Rescue. Advanced Emergency
Nursing Journal, 24(3), 26-36.

Hill, M. (1997). Research Review: Participatory Research with Children. Child and
Family Social Work, 2, 13-13.

Hills, T. T. (2011). The Evolutionary Origins of Cognitive Control. Topics in Cognitive
Science, 3(2), 231-237. doi:10.1111/j.1756-8765.2011.01135.x

Hills, T. T., Todd, P. M., & Goldstone, R. L. (2008). Search in External and Internal
Spaces: Evidence for Generalized Cognitive Search Processes. Psychological
Science, 19(8), 802-808. d0i:10.1111/j.1467-9280.2008.02160.x

Hoffman, R. R., & Woods, D. D. (2000). Studying Cognitive Systems in Context: Preface
to the Special Section. Human Factors, 42(1), 1-7.
doi:10.1518/001872000779656633

Hope, T., Tilling, K. M., Gedling, K., Keene, J. M., Cooper, S. D., & Fairburn, C. G. (1994).
The structure of wandering in dementia. International Journal of Geriatric
Psychiatry, 9(2), 149-155.

Hughes, R. (1998). Considering the Vignette Technique and its Application to a Study
of Drug Injecting and HIV Risk and Safer behaviour. Sociology of Health and
Illiness, 20(3), 19.

Humphreys, G. W., Quinlan, P. T., & Riddoch, M. J. (1989). Grouping processes in visual
search: effects with single- and combined-feature targets. J Exp Psychol Gen,
118(3), 258-279.

Hunt, L. A., Brown, A. E., & Gilman, I. P. (2010). Drivers with dementia and outcomes
of becoming lost while driving. American Journal of Occupational Therapy,
64(2), 225-232.

Hutchins, E. (1995). Cognition in the Wild: MIT press.

Jackson, W. B., & Jucker, J. V. (1982). An Empirical Study of Travel Time Variability and
Travel Choice Behavior. Transportation Science, 16(4), 460-475.
doi:10.1287/trsc.16.4.460

Jenkins, N., Bloor, M., Fischer, J., Berney, L., & Neale, J. (2010). Putting it in context:
the use of vignettes in qualitative interviewing. Qualitative Research, 10(2),
175-198. doi:10.1177/1468794109356737

Jones, R. A. (1977). Self-fulfilling prophecies: Social, psychological, and physiological
effects of expectancies: Lawrence Erlbaum Associates.

Jul, S., & Furnas, G. W. . (1997). Navigation in Electronic Worlds: A CHI 97 Workshop.
. Paper presented at the SIGCHI Bulletin.

Kahneman, D. (1973). Attention and effort: Prentice-Hall.

Kahneman, D. (2011). Thinking, Fast and Slow: Farrar, Straus and Giroux.

Kahneman, D., & Klein, G. (2009). Conditions for intuitive expertise: A failure to
disagree. American Psychologist, 64(6), 515-526. doi:10.1037/a0016755

240



Kahneman, D., & Tversky, A. (1973). On the psychology of prediction. Psychological
Review, 80(4), 237-251. doi:10.1037/h0034747

Kahneman, D., & Tversky, A. (1979). Intuitive prediction: Biases and corrective
procedures. Management Science, Vol. 12, 313-327.

Kahneman, D., & Tversky, A. (1979). Prospect Theory: An Analysis of Decision under
Risk. Econometrica, 47(2), 263-291. doi:10.2307/1914185

Kalff, C., Hills, T., & Wiener, J. M. (2010). Human foraging behavior: A virtual reality
investigation on area restricted search in humans. Paper presented at the
Proceedings of the Cognitive Science Society.

Keane, D., Lang, A., Craven, M. and Sharples, S. (2012). The use of vignettes for
conducting healthcare research. Paper presented at the Advances in Human
Factors and Ergonomics 2012- Proceedings of the 4th AHFE Conference 21-25
July 2012.

Kearns, W., & Fozard, J. (2008). Ultra-wideband radio assessment of locomotion in
elderly. Gerontechnology, 7(2), 138.

Kim, K.-J.,, Hassan, M. M., Na, S.-H., & Huh, E.-N. (2009). Dementia wandering
detection and activity recognition algorithm using tri-axial accelerometer
sensors. Paper presented at the Ubiquitous Information Technologies &
Applications, 2009. ICUT'09. Proceedings of the 4th International Conference
on.

Kiss, M., Goolsby, B. A., Raymond, J. E., Shapiro, K. L., Silvert, L., Nobre, A.C,, ... Eimer,
M. (2007). Efficient attentional selection predicts distractor devaluation:
Event-related potential evidence for a direct link between attention and
emotion. Journal of Cognitive Neuroscience, 19(8), 1316-1322.

Klein, D. A., Steinberg, M., Galik, E., Steele, C., Sheppard, J.-M., Warren, A., . . .
Lyketsos, C. G. (1999). Wandering behaviour in community-residing persons
with dementia. International Journal of Geriatric Psychiatry, 14(4), 272-279.
doi:10.1002/(SICI)1099-1166(199904)14:4<272::AID-GPS896>3.0.CO;2-P

Klein, G. (2014). Seeing What Others Don't: The Remarkable Ways We Gain Insights:
Nicholas Brealey Publishing.

Klein, G. (2015). A naturalistic decision making perspective on studying intuitive
decision making. Journal of Applied Research in Memory and Cognition, 4(3),
164-168. doi:https://doi.org/10.1016/].jarmac.2015.07.001

Klein, G., Feltovich, P. J., Bradshaw, J. M., & Woods, D. D. (2005). Common ground and
coordination in joint activity. Organizational simulation, 53, 139-184.

Klein, G. A. (1993). A recognition-primed decision (RPD) model of rapid decision
making. In G. A. Klein, J. Orasanu, R. Calderwood, & C. E. Zsambok (Eds.),
Decision Making in Action: Models and Methods (pp. 138-147): Norwood:
Ablex Publishing Corporation.

Klein, G. A., Calderwood, R., Clinton-Cirocco, A., & Laboratory, S. R. (1988). Rapid
decision making on the fire ground: U.S. Army Research Institute for the
Behavioral and Social Sciences.

Klein, G. A., Calderwood, R., & Macgregor, D. (1989). Critical decision method for
eliciting knowledge. Systems, Man and Cybernetics, IEEE Transactions on,
19(3), 462-472.

Knopman, D. S., Kitto, J., Deinard, S., & Heiring, J. (1988). Longitudinal study of death
and institutionalization in patients with primary degenerative dementia.
Journal of the American Geriatrics Society, 36(2), 108-112.

Koester, R., & Stooksbury, D. E. (1992). Lost Alzheimer’s subjects-profiles and
statistics. Response, Fall.

241



Koester, R. J., & Stooksbury, D. E. (1995). Behavioral profile of possible Alzheimer's
disease patients in Virginia search and rescue incidents. Wilderness &
Environmental Medicine, 6(1), 34-43.

Koopman, B. 0. 1946. Search and Screening. Retrieved from

Kozlowski, L. T., & Bryant, K. J. (1977). Sense of direction, spatial orientation, and
cognitive maps. Journal of Experimental Psychology: Human Perception and
Performance, 3(4), 590-598. doi:10.1037/0096-1523.3.4.590

Lai, C. K., & Arthur, D. G. (2003). Wandering behaviour in people with dementia.
Journal of advanced nursing, 44(2), 173-182.

Lampinen, J. M., Peters, C. S., Gier, V., & Sweeney, L. N. (2012). The psychology of the
missing: Missing and abducted children. Child Forensic Psychology: Victim and
Eyewitness Testimony, 241-272.

Lang, P. J., Bradley, M. M., Fitzsimmons, J. R., Cuthbert, B. N., Scott, J. D., Moulder, B.,
& Nangia, V. (1998). Emotional arousal and activation of the visual cortex: an
fMRI analysis. Psychophysiology, 35(2), 199-210.

Lawrence, V., & Murray, J. (2010). Balancing independence and safety: the challenge
of supporting older people with dementia and sight loss. Age and Ageing,
39(4), 476-480. doi:10.1093/ageing/afq054

Lawson, G. (2011). Predicting human behaviour in emergencies. University of
Nottingham.

Lin, L., Roscheck, M., Goodrich, M. A., & Morse, B. S. (2010). Supporting Wilderness
Search and Rescue with Integrated Intelligence: Autonomy and Information at
the Right Time and the Right Place. Paper presented at the AAAI.

Lipshitz, R. M., Klein, G., Carroll, J. S., Roth, E. M., Multer, J., & Raslear, T. (2006).
Shared Situation Awareness as a Contributor to High Reliability Performance
in  Railroad Operations. Organization  Studies, 27(7), 967-987.
doi:10.1177/0170840606065705

Liu, L., Gauthier, L., & Gauthier, S. (1991). Spatial Disorientation in Persons With Early
Senile Dementia of the Alzheimer Type. American Journal of Occupational
Therapy, 45(1), 67-74. doi:10.5014/ajot.45.1.67

Liu, L., Miguel Cruz, A., Ruptash, T., Barnard, S., & Juzwishin, D. (2017). Acceptance of
Global Positioning System (GPS) Technology Among Dementia Clients and
Family Caregivers. Journal of Technology in Human Services, 35(2), 99-119.
doi:10.1080/15228835.2016.1266724

Liu, Y., & Nejat, G. (2016). Multirobot cooperative learning for semiautonomous
control in urban search and rescue applications. Journal of Field Robotics,
33(4), 512-536.

Loftus, E. F., & Palmer, J. (1996). Eyewitness testimony Introducing Psychological
Research (pp. 305-309): Springer.

Lois, J. (2001). Managing emotions, intimacy, and relationships in a volunteer search
and rescue group. Journal of Contemporary Ethnography, 30(2), 131-179.

Luini, L. P., & Marucci, F. S. (2015). Prediction—Confirmation Hypothesis and Affective
Deflection Model to account for split-second decisions and decision-making
under pressure of proficient decision-makers. Cognition, Technology & Work,
17(3), 329-344. doi:10.1007/s10111-015-0328-0

Ma, R., & Kaber, D. B. (2007). Situation awareness and driving performance in a
simulated navigation task. Ergonomics, 50(8), 1351-1364.
doi:10.1080/00140130701318913

MacArthur, R. H., & Pianka, E. R. (1966). On Optimal Use of a Patchy Environment. The
American Naturalist, 100(916), 603-609.

242



Macwan, A., Vilela, J., Nejat, G., & Benhabib, B. (2015). A multirobot path-planning
strategy for autonomous wilderness search and rescue. IEEE transactions on
cybernetics, 45(9), 1784-1797.

Malinowsky, C., Almkvist, O., Kottorp, A., & Nygard, L. (2010). Ability to manage
everyday technology: a comparison of persons with dementia or mild
cognitive impairment and older adults without cognitive impairment.
Disability and Rehabilitation: Assistive Technology, 5(6), 462-469.
doi:10.3109/17483107.2010.496098

Matteson, M., Linton, A. D., & Barnes, S. J. (1996). Cognitive Developmental Approach
to Dementia. Journal of Nursing Scholarship, 28(3), 233-240.
doi:10.1111/j.1547-5069.1996.tb00357.x

McBurney, D. H., & White, T. L. (2009). Research Methods: Cengage Learning.

McNamara, T. P., Ratcliff, R., & McKoon, G. (1984). The mental representation of
knowledge acquired from maps. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 10(4), 723-732. doi:10.1037/0278-
7393.10.4.723

McShane, R. (2013). Should patients with dementia who wander be electronically
tagged? Yes. BMJ, 346.

Megges, H., Freiesleben, S. D., Jankowski, N., Haas, B., & Peters, O. (2017). Technology
for home dementia care: A prototype locating system put to the test.
Alzheimer's & Dementia: Translational Research & Clinical Interventions, 3(3),
332-338. doi:https://doi.org/10.1016/j.trci.2017.04.004

Meshkati, N. (1991). Human factors in large-scale technological systems' accidents:
Three Mile Island, Bhopal, Chernobyl. Industrial Crisis Quarterly, 5(2), 133-
154.

Militello, L. G., & Hutton, R. J. B. (1998). Applied Cognitive Task Analysis (ACTA): A
practitioner's toolkit for understanding cognitive task demands. Ergonomics,
41(11), 1618-1641.

Miller, G. A. (1956). The magical number seven, plus or minus two: some limits on our
capacity for processing information. Psychological Review, 63(2), 81-97.
doi:10.1037/h0043158

Milne, H., van der Pol, M., McCloughan, L., Hanley, J., Mead, G., Starr, J., . . . McKinstry,
B. (2014). The use of global positional satellite location in dementia: a
feasibility study for a randomised controlled trial. BMC Psychiatry, 14(1), 160.

Miskelly, F. (2004). A novel system of electronic tagging in patients with dementia and
wandering. Age and Ageing, 33(3), 304-306.

Miyamoto, Y., Ito, H., Otsuka, T., & Kurita, H. (2002). Caregiver burden in mobile and
non-mobile demented patients: a comparative study. International Journal of
Geriatric Psychiatry, 17(8), 765-773. doi:10.1002/gps.694

Moffat, S. D., Elkins, W., & Resnick, S. M. (2006). Age differences in the neural systems
supporting human allocentric spatial navigation. Neurobiology of aging,
27(7), 965-972.

Molyneux, G. J., McCarthy, G. M., McEniff, S., Cryan, M., & Conroy, R. M. (2008).
Prevalence and predictors of carer burden and depression in carers of
patients referred to an old age psychiatric service. Int Psychogeriatr, 20(6),
1193-1202. doi:10.1017/s1041610208007515

10.1017/51041610208007515. Epub 2008 Jun 30.

Montello, D. R., & Sas, C. (2006). Human factors of wayfinding in navigation. In W.
Karwowski (Ed.), International encyclopedia of ergonomics and human factors
(2 ed., pp. 2003-2008). London: CRC Press: Taylor and Francis, Ltd.

Moray, N. (1967). Where is attention limited? Acta Psychol (Amst), 27, 84-92.

243



Nakanishi, M., Endo, K., Hirooka, K., Nakashima, T., Morimoto, Y., Granvik, E., . ..
Nishida, A. (2017). Dementia behaviour management programme at home:
impact of a palliative care approach on care managers and professional
caregivers of home care services. Aging Ment Health, 1-6.
doi:10.1080/13607863.2017.1332160

10.1080/13607863.2017.1332160.

Neisser, U. (1964). VISUAL SEARCH. Scientific American, 210(6), 94-103.

Norman, D. A. (2002). The Design of Everyday Things: Basic Books, Inc.

Norman, D. A., & Draper, S. W. (1986). User centered system design. Hillsdale, NJ, 1-
2.

Norman, I. J., Redfern, S. J., Tomalin, D. A., & Oliver, S. (1992). Developing Flanagan's
critical incident technique to elicit indicators of high and low quality nursing
care from patients and their nurses. Journal of advanced nursing, 17(5), 590-
600.

Nourbakhsh, I. R., Sycara, K., Koes, M., Yong, M., Lewis, M., & Burion, S. (2005).
Human-robot teaming for search and rescue. IEEE Pervasive Computing, 4(1),
72-79.

O'Hare, D., Wiggins, M., Williams, A., & Wong, W. (1998). Cognitive task analyses for
decision centred design and training. Ergonomics, 41(11), 1698-1718.

O'Neil, M. E., Freeman, M., & Portland, V. (2011). A systematic evidence review of non-
pharmacological interventions for behavioral symptoms of dementia:
Department of Veterans Affairs Washington, DC.

O’Neill, D. (2013). Should patients with dementia who wander be electronically
tagged? No. BMJ, 346.

Ololube, N. P., & Kpolovie, P. J. (2012). Approaches to conducting scientific research
in education, arts and the social sciences. Online Journal of Education
Research, 1(3), 44-56.

Organisation, W. H. (2017). Dementia Fact Sheet. Retrieved from
http://www.who.int/mediacentre/factsheets/fs362/en/

Oyebode, J. R. (2005). Carers as partners in mental health services for older people.
Advances in Psychiatric Treatment, 11(4), 297-304. doi:10.1192/apt.11.4.297

Park, M., Choi, S., Lee, S. J., Kim, S. H., Kim, J., Go, Y., & Lee, D. Y. (2017). The roles of
unmet needs and formal support in the caregiving satisfaction and caregiving
burden of family caregivers for persons with dementia. International
Psychogeriatrics, 1-11. doi:10.1017/5104161021700196X

Parr, H., Stevenson, O., Fyfe, N., & Woolnough, P. (2015). Living Absence: The Strange
Geographies of Missing People. Environment and Planning D: Society and
Space, 33(2), 191-208. doi:10.1068/d14080p

Patel, M. S., Asch, D. A., & Volpp, K. G. (2015). Wearable devices as facilitators, not
drivers, of health behavior change. JAMA, 313(5), 459-460.
doi:10.1001/jama.2014.14781

Pearlin, L. 1., Mullan, J. T., Semple, S. J., & Skaff, M. M. (1990). Caregiving and the stress
process: an overview of concepts and their measures. Gerontologist, 30(5),
583-594.

Perkins, D. (2013). Probability of Detection for the Search Manager.

Perkins, D., Roberts, P., Feeney, G., & Penrith, M. (2011a). The UK missing person
behaviour study. Retrieved September, 28, 2011.

Perkins, D., Roberts, P., Feeney, G., & Penrith, M. R. T. (2011b). The UK missing person
behaviour study. Retrieved September, 28, 2011-2011.

Piliavin, I. M., Rodin, J., & Piliavin, J. A. (1969). Good samaritanism: an underground
phenomenon? Journal of Personality and Social Psychology, 13(4), 289.

244



Pirolli, P., & Card, S. (1999). Information foraging. Psychological Review, 106(4), 643-
643.

Plant, K. L., & Stanton, N. A. (2016). Distributed Cognition in Search and Rescue:
Loosely coupled tasks and tightly coupled roles. Ergonomics, 1-42.
doi:10.1080/00140139.2016.1143531

Poblador-Plou, B., Calderdn-Larrafiaga, A., Marta-Moreno, J., Hancco-Saavedra, J.,
Sicras-Mainar, A., Soljak, M., & Prados-Torres, A. (2014). Comorbidity of
dementia: a cross-sectional study of primary care older patients. BMC
Psychiatry, 14, 84-84. d0i:10.1186/1471-244X-14-84

Popper, K. (2014). Conjectures and refutations: The growth of scientific knowledge:
routledge.

Preston, S. D., Buchanan, T. W,, Stansfield, R. B., & Bechara, A. (2007). Effects of
anticipatory stress on decision making in a gambling task. Behav Neurosci,
121(2), 257-263. doi:10.1037/0735-7044.121.2.257

Prince, M., Knapp, M., Guerchet, M., McCrone, P., Prina, M., Comas-Herrera, A., . . .
Salimkumar, D. (2014). Dementia UK. Retrieved from
https://www.youngdementiauk.org/sites/default/files/Dementia_UK Secon
d edition - Overview.pdf

Rasmussen, J. (1997). Risk management in a dynamic society: a modelling problem.
Safety science, 27(2), 183-213.

Robinson, L., Hutchings, D., Corner, L., Beyer, F., Dickinson, H., Vanoli, A, . .. May, C.
(2006). A systematic literature review of the effectiveness of non-
pharmacological interventions to prevent wandering in dementia and
evaluation of the ethical implications and acceptability of their use: Gray

Publishing.
Rogers, Y., & Marshall, P. (2017). Research in the Wild. Synthesis Lectures on Human-
Centered Informatics, 10(3), i-97.

doi:10.2200/S00764ED1V01Y201703HCI037

Rowe M, Houston A, Molinari V, Bulat T, Bowen ME, Spring H, . . . B., M. (2015). The
Concept of Missing Incidents in Persons with Dementia. Healthcare, 3(4).

Rowe, M. A., Vandeveer, S. S., Greenblum, C. A,, List, C. N., Fernandez, R. M., Mixson,
N. E., & Ahn, H. C. (2011). Persons with dementia missing in the community:
Is it wandering or something unique? BMC Geriatr. doi:doi:10.1186/1471-
2318-11-28

Ryan, B., Qu, R., Schock, A., & Parry, T. (2011). Integrating human factors and
operational research in a multidisciplinary investigation of road maintenance.
Ergonomics, 54(5), 436-452. doi:10.1080/00140139.2011.562983

Salas, E., & Klein, G. A. (2001). Linking Expertise and Naturalistic Decision Making:
Taylor & Francis.

Salmon, P., Jenkins, D., Stanton, N., & Walker, G. (2010). Hierarchical task analysis vs.
cognitive work analysis: comparison of theory, methodology and contribution
to system design. Theoretical issues in ergonomics science, 11(6), 504-531.

Salmon, P. M., Cornelissen, M., & Trotter, M. J. (2012). Systems-based accident
analysis methods: A comparison of Accimap, HFACS, and STAMP. Safety
science, 50(4), 1158-1170.

Salmon, P. M., Stanton, N. A., Walker, G. H., Jenkins, D., Ladva, D., Rafferty, L., &
Young, M. (2009). Measuring Situation Awareness in complex systems:
Comparison of measures study. International Journal of Industrial
Ergonomics, 39(3), 490-500.

Sanderson, M., Wang, J., Davis, D. R., Lane, M. J., Cornman, C. B., & Fadden, M. K.
(2002). Co-morbidity associated with dementia. American Journal of

245



Alzheimer's Disease & Other Dementiasr, 17(2), 73-78.
doi:10.1177/153331750201700210

Saunders, B., Sim, J., Kingstone, T., Baker, S., Waterfield, J., Bartlam, B., . . . Jinks, C.
(2018). Saturation in qualitative research: exploring its conceptualization and
operationalization. Quality & Quantity, 52(4), 1893-1907.
doi:10.1007/s11135-017-0574-8

Savage, L. J. (1951). The Theory of Statistical Decision. Journal of the American
Statistical Association, 46(253), 55-67.
doi:10.1080/01621459.1951.10500768

Schlenoff, C., & Messina, E. (2005). A robot ontology for urban search and rescue.
Paper presented at the Proceedings of the 2005 ACM workshop on Research
in knowledge representation for autonomous systems, Bremen, Germany.

Schubert, C. C., Boustani, M., Callahan, C. M., Perkins, A. J., Carney, C. P., Fox, C., . ..
Hendrie, H. C. (2006). Comorbidity Profile of Dementia Patients in Primary
Care: Are They Sicker? Journal of the American Geriatrics Society, 54(1), 104-
109. d0i:10.1111/j.1532-5415.2005.00543.x

Schutz, A., Walsh, G., & Lehnert, F. (1967). The Phenomenology of the Social World:
Northwestern University Press.

Selcon, S., & Taylor, R. (1990). Evaluation of the Situational Awareness Rating
Technique(SART) as a tool for aircrew systems design. AGARD, Situational
Awareness in Aerospace Operations 8 p(SEE N 90-28972 23-53).

Shah, A., Jan., Wadoo, O., & Latoo, J. (2010). Psychological Distress in Carers of People
with Mental Disorders. British Journal of Medical Practitioners, 3(3).

Shalev, K. (2011). Children Who Go Missing Repeatedly and Their Involvement in
Crime. International Journal of Police Science & Management, 13(1), 29-36.
doi:10.1350/ijps.2011.13.1.197

Sharp, N. (2012). Still hidden. Going Missing as an indicator of child sexual
exploitation. London: Missing People.

Sharples, S., Martin, J., Lang, A., Craven, M., O’Neill, S., & Barnett, J. (2012). Medical
device design in context: A model of user—device interaction and
consequences. Displays, 33(4-5), 221-232.

Shepherd, A. (2000). Hierarchial task analysis: CRC Press.

Shimizu, K., Kawamura, K., & Yamamoto, K. (2000). Location system for dementia
wandering. Paper presented at the Engineering in Medicine and Biology
Society, 2000. Proceedings of the 22nd Annual International Conference of
the IEEE.

Simard, M., van Reekum, R., & Myran, D. (2003). Visuospatial impairment in dementia
with Lewy bodies and Alzheimer's disease: a process analysis approach.
International  Journal of Geriatric  Psychiatry, 18(5), 387-391.
doi:10.1002/gps.839

Smith, J. F., & Kida, T. (1991). Heuristics and biases: Expertise and task realism in
auditing. Psychological Bulletin, 109(3), 472-489. do0i:10.1037/0033-
2909.109.3.472

Solomon, A., Dobranici, L., Kareholt, I, Tudose, C., & Lazarescu, M. (2011).
Comorbidity and the rate of cognitive decline in patients with Alzheimer
dementia. International Journal of Geriatric Psychiatry, 26(12), 1244-1251.
doi:10.1002/gps.2670

Stanton, N. A. (2006). Hierarchical task analysis: Developments, applications, and
extensions. Applied Ergonomics, 37(1), 55-79.
doi:https://doi.org/10.1016/j.apergo.2005.06.003

246



Stanton, N. A,, Stewart, R., Harris, D., Houghton, R. J., Baber, C., McMaster, R., . ..
Green, D. (2006). Distributed situation awareness in dynamic systems:
theoretical development and application of an ergonomics methodology.
Ergonomics, 49(12-13), 1288-1311. doi:10.1080/00140130600612762

Stevenson, O., Parr, H.,, Woolnough, P., & Fyfe, N. (2013). Geographies of Missing
People: Processes, Experiences, Responses [Online].

Stolte, J. F. (1994). The Context of Satisficing in Vignette Research. The Journal of
Social Psychology, 134(6), 727-733. doi:10.1080/00224545.1994.9923007

Tang, B., Yu, Y., Liu, Z,, Lin, M., Chen, Y., Zhao, M., & Xiao, S. (2017). Factor analyses of
the Chinese Zarit Burden Interview among caregivers of patients with
schizophrenia in a rural Chinese community. BMJ Open, 7(9), e015621.
doi:10.1136/bmjopen-2016-015621

Tarling, R., & Burrows, J. (2004). The nature and outcome of going missing: the
challenge of developing effective risk assessment procedures. International
Journal of Police Science & Management, 6(1), 16-26.

Taub, A., Andreoli, S. B., & Bertolucci, P. H. (2004). Dementia caregiver burden:
reliability of the Brazilian version of the Zarit caregiver burden interview. Cad
Saude Publica, 20(2), 372-376.

Thaler, R. H., Tversky, A., Kahneman, D., & Schwartz, A. (1997). The Effect of Myopia
and Loss Aversion on Risk Taking: An Experimental Test*. The Quarterly
Journal of Economics, 112(2), 647-661. doi:10.1162/003355397555226

Thorndyke, P. W., & Goldin, S. E. (1983). Spatial Learning and Reasoning Skill. In H. L.
Pick & L. P. Acredolo (Eds.), Spatial Orientation: Theory, Research, and
Application (pp. 195-217). Boston, MA: Springer US.

Thorndyke, P. W., & Hayes-Roth, B. (1982). Differences in spatial knowledge acquired
from maps and navigation. Cognitive Psychology, 14(4), 560-589.
doi:https://doi.org/10.1016/0010-0285(82)90019-6

Tolmon, E., C. (1948). Cognitive maps in rats and men. Psychological Review, 55(4),

189-208.
Tversky, A., & Kahneman, D. (1973). Availability: A heuristic for judging frequency and
probability. Cognitive Psychology, 5(2), 207-232.

doi:https://doi.org/10.1016/0010-0285(73)90033-9

UK, A. s. R. (2015). Women and Dementia: A Marginalised Majority. Retrieved from
http://www.alzheimersresearchuk.org/wp-
content/uploads/2015/03/Women-and-Dementia-A-Marginalised-
Majorityl.pdf

UK, C. (2015). State of Caring 2015. Retrieved from London: carersuk.org/for-
professionals/policy/policy-library/state-of-caring-2015

van den Bos, R., Harteveld, M., & Stoop, H. (2009). Stress and decision-making in
humans: Performance is related to cortisol reactivity, albeit differently in men
and women. Psychoneuroendocrinology, 34(10), 1449-1458.
doi:https://doi.org/10.1016/j.psyneuen.2009.04.016

Verschure, P. F. M. J., Pennartz, C. M. A,, & Pezzulo, G. (2014). The why, what, where,
when and how of goal-directed choice: neuronal and computational
principles. Philosophical Transactions of the Royal Society B: Biological
Sciences, 369(1655), 20130483-20130483. doi:10.1098/rstb.2013.0483

Waller, D., & Lippa, Y. (2007). Landmarks as beacons and associative cues: Their role
in  route learning. Memory &  Cognition, 35(5), 910-924.
doi:10.3758/bf03193465

Waterson, P., & Catchpole, K. (2016). Human factors in healthcare: welcome progress,
but still scratching the surface. BMJ Qual Saf, 25(7), 480-484.

247



Weitzenfeld, J., Freeman, J., Riedl, T., & Klein, G. (1990). The critical decision method
(CDM): A knowledge-mapping technique. AT&T: Proceedings of Behavioral
Sciences Days, 90.

Wemm, S. E., & Wulfert, E. (2017). Effects of Acute Stress on Decision Making. Applied
Psychophysiology and Biofeedback, 42(1), 1-12. doi:10.1007/s10484-016-
9347-8

Whalen, J., & Zimmerman, D. H. (1998). Observations on the display and management
of emotion in naturally occurring activities: The case of" hysteria" in calls to
9-1-1. Social Psychology Quarterly, 141-159.

What assistive technology is available? Retrieved from
https://www.alzheimers.org.uk/get-support/staying-independent/what-
assistive-technology-available

White, E. B., Montgomery, P., & McShane, R. (2010). Electronic tracking for people
with dementia who get lost outside the home: a study of the experience of
familial carers. The British Journal of Occupational Therapy, 73(4), 152-159.

Whitehead, A. N. (2017). An Introduction to Mathematics: Dover Publications.

Whitehouse, P., Price, D., Struble, R., Clark, A., Coyle, J.,, & Delon, M. (1982).
Alzheimer's disease and senile dementia: loss of neurons in the basal
forebrain. Science, 215(4537), 1237-1239. doi:10.1126/science.7058341

Wickens, C. D. (1979). Measures of Workload, Stress and Secondary Tasks. In N. Moray
(Ed.), Mental Workload: Its Theory and Measurement (pp. 79-99). Boston,
MA: Springer US.

Wickens, C. D. (1991). Processing resources and attention. Multiple-task performance,
1991, 3-34.

Wickens, C. D. (2002). Multiple resources and performance prediction. Theoretical
issues in ergonomics science, 3(2), 159-177.

Wickens, C. D. (2008). Multiple Resources and Mental Workload. Human Factors,
50(3), 449-455. doi:10.1518/001872008x288394

Wilson, J. R., & Corlett, N. (2005). Evaluation of human work: CRC Press.

Wilson, J. R., & Sharples, S. (2015). Evaluation of human work: CRC press.

Wogalter, M. S., Hancock, P. A., & Dempsey, P. G. (1998). On the Description and
Definition of Human Factors/Ergonomics. Proceedings of the Human Factors
and  Ergonomics  Society = Annual  Meeting, 42(10), 671-674.
doi:10.1177/154193129804201001

Wolfe, J. M. (1994). Guided Search 2.0 A revised model of visual search. Psychon Bull
Rev, 1(2), 202-238. doi:10.3758/bf03200774

10.3758/BF03200774.

Wong, B. W., & Blandford, A. (2002). Analysing ambulance dispatcher decision
making: trialing emergent themes analysis.

Wong, B. W., & Blandford, A. (2004). Information handling in dynamic decision making
environments. Paper presented at the In.

Woolnough, P., & Gibb, G. J. (2016). Geography of Missing Children. Missing Persons:
A handbook of research, 57.

Young, M. F., Kulikowich, J. M., & Barab, S. A. (1997). The unit of analysis for situated
assessment. Instructional Science, 25(2), 133-150.
doi:10.1023/a:1002971532689

Zarit, S. H., Reever, K. E., & Bach-Peterson, J. (1980). Relatives of the Impaired Elderly:
Correlates of Feelings of Burdenl. The Gerontologist, 20(6), 649-655.
doi:10.1093/geront/20.6.649

Zsambok, C. E., & Klein, G. A. (1997). Naturalistic decision making: L. Erlbaum
Associates.

248



249



APPENDIX A.1

Consent Form

A Study into Searching For Vulnerable People

Thisstudy is part of alarger project into human search behaviour for vulnerable peoplein order
tofacilitate the development of safer walking technologies. The project isfunded by an EPSRC
iCase PhD studentship at the University of Nottingham sponsored in part by Philips research.
The aims of the study are to discover emotional states, cues and decisions made by people
searching for vulnerable people. You will be asked to describe an incident in which you were
searching for a vulnerable person followed by a series of probe questions about the incident in
guestion. Finally, you will be asked a few questions about your familiarity and opinions of
assistive technology. If you are unsure of anything at this stage, you have the opportunity to
ask the interviewer. The interview is expected to take between haf an hour and an hour,
although this may vary dlightly due to the differences in incident and recollection of this
incident. Y ou do not have to answer any questionsif you do not want to. Please indicateif you
are feeling uncomfortable with the interview and it will be stopped immediately. Y ou have the

right to have your information withdrawn from the study even after the interview has finished.

Please tick the boxes if you agree with the statements and sign at the bottom of the document
to give your consent.

0 | have been informed and understand the purposes of the study and acknowledge any

possible associated risks.

O

| have been given the opportunity to ask questions.

O

| understand | can withdraw at any time without prejudice without giving areason.

0 | am awarethat any information which might potentially identify me or anyone I mention
will be removed from published material.

[0 | am aware that data collected from the study will be stored securely for seven years after
any publication.

L1 | agreeto participate in the study as outlined to me.
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Print Name:

Signature:

Date:
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APPENDIX A.2

Interview Script

I ntroduction/Brief

Carers.

Hello, and thank you for agreeing to participate in this study, my nameis Kyle Harrington and
| will be conducting the interview today. This purpose of thisinterview isto help identify the
thought processes occur when people search for a vulnerable person and try to determine the
role that emotion plays in shaping the decisions people make when engaged in search and
rescue scenarios. This is part of a larger research project that is attempting to facilitate the
development of safer walking technologies for vulnerable adults as part of a PhD studentship
at the University of Nottingham sponsored by Philips research. Theinterview consists of three
parts; firstly, | want you to talk me through a particular situation where the person you care for
left home against advice. If this has happened a few times before, | want you to think of a
situation that was partially salient, unusual, or one of the first times this happened. Next, we
will plot atimeline of this event and look at the decisions you made and try to assess what led
you to make these decisions and how you were feeling when you made them. Finally, the
interviewer will ask you some questions about your general level of familiarity with
technology. Theinterview is expected to take between half an hour and an hour, athough this

may vary from interview to interview.

Please answer as honestly as you can, do not feel you have to answer any questions that make
you feel uncomfortable. Y ou have the right to stop the interview if you wish and the right to
withdraw your datafrom the study. Theinterview datawill be used for research purposesonly.

Y our identity and that of anyone else you mention will be removed from the transcript.

If you agreeto the terms, and want to participate in this study then please compl ete this consent

form.

Subject Matter Experts
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Hello, and thank you for agreeing to participate in this study, my name is Kyle Harrington and
| will be conducting the interview today. This purpose of thisinterview isto help identify the
thought processes that occur when people search for avulnerable and also try to determine the
role that emotion plays in shaping these decisions people make when engaged in search and
rescue scenarios. This is part of a larger research project that is attempting to facilitate the
development of safer walking technologies for vulnerable adults as part of a PhD project at the
University of Nottingham sponsored by Philipsresearch. Theinterview consists of three main
parts and afterwards, | will just ask you afew questions about how you feel about technology
that might help with searching for vulnerable people; firstly, | want you to talk me through a
particular situation (preferably that of searching for a vulnerable adult) that was partialy
salient, unusual, or where your experience and expertise was of particular benefit. With your
help | will plot atimeline of this event and look at the decisions you made. The next step isthat
we go over thetimeline again and try to identify what led you to make these decisions and how
you were feeling when you made them. Finally, the interviewer will ask you some demographic
guestions and questions about your genera level of familiarity with technology. Theinterview
is expected to take between half an hour and an hour, athough this may vary from interview

to interview.

Please answer as honestly as you can, do not feel you have to answer any questions that make
you feel uncomfortable. Y ou have the right to stop the interview if you wish and the right to
withdraw your datafrom the study. Theinterview datawill be used for research purposesonly.
Y our identity and that of anyone else you mention will be kept anonymous removed from the
transcript. All the datafrom the study will be on a password protected computer and encrypted

for additional security.

If you agreeto theterms, and want to participate in this study then please compl ete this consent

form.
*** \Wait for consent form***
For Subject Matter Experts

So now, | want you to think of an incident that may be suitable. Ideally, thisis asituation when
you were searching for a vulnerable adult and one in which your expertise was of particular
importance. If you have any in mind could you give me a very brief description to seeif itis

suitable?
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(If not suitable) Isthere any other incident you can think of that might be appropriate, perhaps

an unusual situation or something you had not previously anticipated or encountered?

(If itissuitable) Great! Ok, so now | want you to recall the event in as much detail as you can,
start at the very beginning, even alittle before if you are entirely unsure when the actual event
began. Although this stageisastarting point, don’t feel that you need to know EVERY THING
about the event if you can’t remember. Also, although | do want to know about your expertise
in this area, try to stay on topic in giving a detailed account of the incident in question and not
your expertisein general. | will try to remain quiet at this stage, but may ask you at some points
to clarify or prompt you if | think you are straying away from the topic. In your own time,
please give adetailed account of thisincident.

For Informal Carers

So now, | want you to think of an incident that may be suitable. Idedlly, thisisasituation which
you remembered the most about. If this has been afrequent occurrence, perhaps, a particularity
challenging incident. Are there any incidents like this that come to mind?

Ok, so what | would like you to do is explain for me in as much detail of you can exactly what
happened from your perspective. Don’t worry if you can't remember al of the details but try
to give an account of everything you can remember from just before you discovered the
problem to this person being found. | will try not to interrupt you at this point, but | may ask a
few clarifying questions or prompt you if | think you straying off topic. In your own time,
please give adetailed account of thisincident.

* Take notes of salient incidents, sequences of events, times and facts
* Draw atime line based on these notes and in conjunction with participant
* |dentify critical decision points

* For each critical decision point, elicit information for each category (Affective State, Cues,
Decision, Effect)

254



Useful Probes:
For discovering decision cues.

Did you identify anything from previous experience or knowledge that led you to make this,

as opposed to another decision?

What led you to make this decision as opposed to another possible option?

What led you to believe that this decision was the right one to make in this situation?
For identifying emotional states:

How did you fed at this point?

Would you say that this decision was influenced even in part by emotion?

Do you fed that your emotional state helped or hindered you in coming to this decision?
For discovering the effect:

What was the overall outcome of this decision?

In hindsight, would you have made this decision again or done something different?
Would a different decision at this point have resulted in a different outcome?

Is there any chance that the effect of this decision could have been different?

For further clarifying the decision:

Could you explain for me in a little more detail, exactly what this decision was and the

procedures involved in executing it?
How exactly was this done, what were the actual things you needed to do to make this happen?

(for experts) Would you say that this would be atypical response to this situation; would | for

example find support for this decision in an operating manual ?

Fantastic, this has been very useful and | have aot of information for my study. | thank you for
sharing that with me. If you have an extra five minutes | would just like to ask you some
guestions about your familiarity with technology and how you feel about assistive technology

that may help find vulnerable people.
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Questions Relating to Technology (Allow for open and informal responses)

1
2.
3.
4,
5. Do you think that you would be interested in using technology that might help with

256

Do you own a smartphone?
Have you ever used a smartphone?
Have you ever used an application on your phone aside from phoning or texting?

Have you ever used assistive technology either for yourself or somebody else?

finding vulnerable people when they go missing?

What are your opinions about using location based tracking technology to help find
vulnerable people?

Do you think vulnerable people (the person that you care for), would comply with

wearing atracking device such as this?



APPENDIX B.1

Decision

Inclusion Criteria and Sub-

Themes

Findings

Supporting Quotes

Decideif Callout isValid

Reference Frequency
5 Sources, 40 References

Principle Decision Maker(s)
Incident Commander,

M ountain Rescue Control

Sequence Order

The first decision made by
Search and Rescue teams
upon hearing of an incident.
Globa

Most Prevaent

Theme:

This set describes the first
decision taken by a Search
and Rescue association after
hearing about an incident. Is
the callout valid and can we
make a difference, were
major considerations of the
on-duty  supervisor or

incident commander.

Sub-Themes

e Processof Contact (9)
about
Missing Person Risk
(20)

e Information

Interview participants  often
described this decision as being
one of the most important.
described  the

importance of trust in the local

Participants

police services and expectations
of prior Police investigations.
Issues relating to the of
availability of teams, knowledge
of missing person and the
operational considerations of
informing on-duty commander
of the incident are also explored

in the sub-themes.

“Being a voluntary service we are always very keen to
help, but we do realise that if we're caling people out
from work or family things theres a level of
responsibility for leadership; that it's a valid search.”
[P1]

“We decide it's avalid - we have a couple of levels of
cal. Urgent is literaly you drop everything and go it’s
actually life defiantly at risk.” [P1]

“lI had severa other conversations with a chap from
south Y orkshire and had another conversation with one
of my deputies and it was like, ‘yeah, this is probably
gonna happen’, if she's up there, the weather’s cack,
we're gonna go and look for her.” [P2]
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Communications with Police
(13)

e Expectations of
Police (20)

e Willingness
Availability (10)

and

“1 personally would not select upon the nature of the call.
| think if somebody said, ‘it's a missing male, or a
missing woman or a child’, it wouldn't make a
difference. If it was a child | would probably make a
point of going. But | don't think that in itself would

influence the decision” [P4]

Least Prevaent Globa
Theme:

Clues (0)

Teams and  Additional
Resources

Reference Frequency

5 Sources, 91 References

Principle Decision Maker(s)
Incident Commander, Police

Sequence Order
Typicaly, immediately

follows “Is call out valid?”

This set describes decisions
and actions taken by the
incident commanders and the
Police in enlisting additional
teams and resources to assist

in the search.

Sub-Themes

e SARDA & Air
Support(47)

e Availability (31)

The incident commander or on
duty commander will usualy
enlist as many search and rescue
teams as is possible, taking into
account other resources at their
disposal. Theseinclude SARDA
(search and rescue  dog
association) and Air Support
(Police and RAF helicopters).
The decision of which teamsand
additional resources to enlist is
based upon considerations of
geography and

These

locality,
availability.

“When we call out the team, the message goes to the
whole team. We might call SARDA aswell, infact it's
probably quite likely we would call SARDA at the same
time. The search and rescue dog association. Our team
hasn’'t got a search dog present, so the nearest one if
they’re available isin Buxton sort of thing, so thereisa
bit of travel time.” [P1]

“1"d rather turn alot of peopleout, find ‘em in two hours
and bugger off back to bed, rather than have haf as
many out. They will be up there for 5 or 6 hours later.
So, it's better for us and it's better for the missing

person; doing it that way” [P2]
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5 Sources, 89 References

Principle Decision Maker(s)

Incident Commander, Police

Sequence Order

additiond
resources. It is distinct but
related from the * Sections and

teams and

Sectors decisons which

relates to which team
searches with sector within

the overall search area

guidelinesin Search and Rescue
Operational Procedures.
Decision-Makers have to take
into account a considerable
number of variables when
deciding the size and parameters

of the search area. Often, the

Most Prevaent Globa e Communications, considerations are explored in | “Because they’'re one of the teams that we butt upto
Theme: Operations and | further detail in the sub-themes | because we butt up to Buxton team who are on that side,
Communicationswith Police Training (58) pertaining to this decision. we butt up to them, they are on the west of us, the Derby
(12 e Locdlity (28) team are to the south of us and the Woodhead team are
to the north east. So we call them in first and they call
Least Prevadent Globa in, there's the logistics of how to get there as well...”
Theme: [P3]
Clues(1)
Plan Search Area This set describes | This decision relates to the total | “One of the things you always have is you've got to
considerations made for the | size of the areato be searched by | decide which area to search first. With some people
Reference Frequency total area to be searched by | the team. Whilst there is | because of what you can say about their background,

you can say we Il take out the woods.” [P1]

“Once thefirst the initial areas had been done, how big
would we make the area?’ [P1]

“1f you took the mountain or the hill environment out of

it we obviousy have set searches for missing
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Usually

considered prior to arrival at

informally

Rendezvous and formalised
upon arrival

Most Prevaent Globa
Theme:

Communications with Police

(14)

Sub-Themes

e POSand Clues(41)

e Knowledge of
Missing Person (32)

e Geography and

Features (52)

e Time, Resources and

position of last sighting or other
cluesincluding the history of the
missing person will inform the
epicentre of the search area
Other considerations which play
apart in deciding the parameters
include natural boundaries and
available resources. These are

explored in further detail within

‘vulnerables’, do aradius around thelast known location
and all therest of it. We were sort of trying to apply that
logic together with local knowledge of where she had
been before.” [P2]

“...you know, how far do you start searching? You've
got to stop at some time, else you'll go on and on and
on. And he was a good mile outside of the boundaries.

The wider and wider you get, your areas are expanding

Reference Frequency

5 Sources, 94 References

Principle Decision Maker(s)

the search aea into
manageable  sectors and
dlocating small teams to

those sectors. It also details

general advice given to party

with the rest of the team, the

exact parameters of each
section. Interview participants
reported that section boundaries
are often likely to consist of

geographical and topological

Expertise (62) the sub-themes. all the time, you know, you’ve only got....pi-R squared
Least Prevadent Globa haven't you?’ [P3]
Theme:
Equipment (1)
Sectors and Sections This set describes dividing | Controllers often decide aong | “What we try to give is teams the areas which are

reasonabl e, so probably wewouldn’t have an areathat is

bigger than, well probably half asquare kilometre.” [P1]

“Basically, you are cutting the map up into chunks, if
you see what | mean, so basically saying you need a

team to do this bit, a team to do this bit and then
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Incident

Commander/Controller

Sequence Order
This decision is usudly
taken once the search area
has been decided and
following standard *“hasty”

searches of the area.

leaders conducting searches

within designated sections.

Sub-Themes

e Team Members and
Equipment (50)

e Sector Search Advice
(33)

e Priorities and Time

features of the landscape; this
ensures that each party has a
Physical indication as to the
limits of their border. Parties
designated to each sector were
aso given a size deemed
reasonable based on
geographical and topological

prior

knowledge. Team members

were dlocated to teams

something else. And then the next stage would be our
controller would then say right, you're gonna be the
team leader for this team, and your members..” [P4]

“It means you can start thinking abit clearer, because
you're actually bringing things into little pockets rather
than a great big vast area; where you think, ‘what the
bloody hell is going on here? sort of thing” [P3]

“We try to select a mixture of teams. Within teams, so

Most Prevalent Globd Management (39) dependent upon experience and | you you've got some experienced people with less

Theme: e Boundaries and | expertise, with decision makers | experienced, make sure there is acouple of guysin their

Communications with Police Sector Size (40) ensuring that expertisewere split | for sure so you can shift anything that's heavy etc.” [P5]

(13) between each of the teams.

Least Prevdent Globa

Theme:

Equipment (4)

On-Ground Decisions Whilst no  participants | This set pertains to decisions | “we would probably have two people go round the
explicitly  identified any | made by deployed team | boundaries of the fields - the fences, and one person
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Reference Frequency

5 Sources, 60 References

Principle Decision Maker(s)
Party/Team Leader, Search
Members

Sequence Order

During the normal course of
asearch when team members
are deployed

Most Prevaent Globa
Theme:

Communications with Police

(8, Team Safety and
Wellbeing (8)

Least Prevaent Globa
Theme:

Clues (0)

“On-Ground”

Decisions. The actions and

particular

decisions made by deployed
team members and party
leaders

important part of the decision

represents an
making process during the
search and rescue task. These
decisons relate to actions
which are considered to be of
great importance but are often

more reactive than proactive.

Sub-Themes

e Search Pattern and
Navigation (45)

e Hedth and Safety
(12)

e Communications and

Equipment (33)

members when responding to
eventswithin the environment or
to changes in the well-being of
their team. Many of the
discussed

considerations  of

considerations
involved
heath and safety as well as
identifying potential clues and
communicating these back to
central control. Other decisions
which belong to this category
involve the specific navigational
decisons to arive a a
designated sector, as well as the
specific type of search pattern to
be employed within that sector.

cross the middle of the fields, mainly corner to corner”
[P1]

“we will do hasty searches of paths tracks, easily
accessible things, you know get them specific points of
interest that’s maybe not in their direct line of travel”
[P2]

“Do aoud of shouting, maybe helll answer you, maybe

he won't, maybe you'll find him thisway” [P3]

“Came across a very large deep pond that wasn't on the
map — called that one ...If you' d ve gone over the edge
of that, you’ d’ve gone straight in the water” [P4]

“one of the things, that isin there is as team leader, you
have to swap searching time for thinking time, because
the team leaders don't search, they walk behind a team
but don't search and they're thinking ahead, aways know
what happens next. Never take your team anywhere that
your brain hasn't been to.” [P5]
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e Clues and things of
interest (22)

Care of Casualty

Reference Frequency
4 Sources, 23 References

Principle Decision Maker(s)
Section leader,

controller

Incident

Sequence Order

Where applicable this was
the last decision made by the
Search and Rescue Team
Most Prevaent Globa
Theme:

Equipment (9)

Thisset of decisionsrelatesto
treating a casuadty with
appropriate first aid, as well
as ensuring transportation of
casualty to further treatment
or removing them from

immediate danger.

Sub-Themes

e Team
Communications and
Operations (20)

e Assessment (21)

e First Aid
Treatment (10)

and

e Transportation of
Casualty (19)

Members of the search and
rescue agencies are typicaly
well training in the treatment of
casualties. Often, thereisalso a
designated first aider within
each Section/Party.
described

importance  of

Interview
participants the
operational
the

the

decisons as wel as
immediate treatment of
casuaty. The fina part of the
decision involved the disposal of
the casualty. Very often, search
and rescue teams erred on the
side of caution and suggested
taking casualtiesto hospital even

if there was no obvious and

“There will be at least one other section, because one
section will have to take a stretcher that will have al the
kit in; normally, a couple of sections. In this particular
case we could get the Landover to within 3 or 4 meters
of him, so that was straight forward. If it'salong carry,
we might just deploy the other sections without any kit
at all to help with the carry, becauseit’squiteatiring...”
[P1]

“The RAF coming back for her was the quickest way of
getting her off the hill and as a consequence getting my
people off the hill so we could bugger off home. Interms
of taking her to hospital...it was a case of, what do we
do with her?’ [P2]

“...thereismore to doing ajob than just looking after a
patient, very often the most important person is not the
person looking after the patient but the person who' sthe
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Least Prevaent Globa
Theme:

Clues (0)

immediate danger to their

health.

site commander, the person that’s sitting there 50 foot
away from the job actually looking, and everyone feeds
into that and then he gives them ajob to do.” [P3]

APPENDIX B.2

Global Theme

Description

Examples

Team Safety, Wellbeing and
Expectation Management

Reference Frequency

5 Sources, 66 References

Most Frequently Cited in:
Plan Search Area (12)

This theme relates to ensuring team safety first and
foremost during the search operation. It also includes
consideration for the levels of exhaustion amongst
personnel in light of the safety and efficacy of searching.
Managing the team’ s expectations of what the most likely
search outcome was aso considered important for team

|leaders and controllers.

“Everybody wasvery tired, it had been along day,
we' d done alot. We didn’t find anything” [P3]

“It's a health and safety thing firstly, we are
trained; do not go into any sort of water of any
sort” [P4]

Equipment and Resources

Reference Frequency

Equipment and resources are an important consideration
for professional search and rescue teams. They are

employed to facilitate operationa communications

“for a search we normally get the team vehicles
and the team leadership there about half an hour

before we call out the whole team because we
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5 Sources, 52 References

Most Frequently Cited in:
Care of Casualty (9)

within teams, planning and navigation decisions of team
members and the treatment of those requiring first aid as
well as the disposal of any potential casualty.

wanna have maps ready, search plans, we want to

talk to the police carehome people.” [P1]

“He's got a pack of emergency stuff and a bag”
[P3]

Communications with Police

Reference Frequency

5 Sources, 82 References

Most Frequently Cited in:

Local Police play avery large role in the decisions made
by search and rescue teams. The Police usually initiate
the request of the Local SAR Team and provide
background information to assist with the search. The
responsibility for the search is shared between SAR and
Police, though the extent of Police involvement changes

“So the police had done some homework
basically, some background stuff.” [P2]

“The police, you know we spoke to them, said
we' ve donethat and they said right thank you, you
can’'t do anymore thank you very much.” [P4]

Plan Search Area (14) between regions.

Clues The main clue used by SAR teams is the position of last | “Therewas no real guidance as to where he might
sighting. This will usually form the epicentre of the | have gone, so this was literally just a radius

Reference Frequency search area. Often, background information provided by | around the care home.” [P1]

5 Sources 33 References

Most Frequently Cited in:
Plan Search Area (13)

the Police may aso inform the search area. Very
occasionally, other clues (e.g. cigarette ends, freshly cut
saplings) will also be uncovered during the course of a
search.

“he’d got a length of rope in his hand he was
walking towards where his brother once went, so
you do have to make some assumptions’ [P3]
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APPENDIX B.3

Decision Inclusion Criteria and Sub- | Findings Supporting Quotes
Themes
Search Position of Last | This set describes the| At this stage in the incident, | “perhaps he'd gone to the loo which was another
Sighting decision to search around the | participants do not report being | possibility” [P1]
position of last sighting | overly concerned about the
Reference Frequency immediately following a| safety and wellbeing of their | “He'susualy in his bed at 8oclock, or down you know

5 Sources, 24 References

Sequence Order
The first decison made
following a noticed absence.

Most Global
Theme: “Astral Travelling

Prevaent

and Hypothesis Generation”

Global
Theme: “Responsibility and

Least Prevalent

the Role of acarer”

noticed absence. It covers
such decisionsas searchingin
the person’ s room, around the
house or care facility and
would usually be conducted

before raising any alarm.

Sub-Themes

e Rule out obvious
places (18)

e Making inferences to
the whereabouts (11)

e Levesof Anxiety (6)

care recipients. Carers reported
hypotheses about the care

recipients  whereabouts are
relatively easy to generate and
incidents such as these were
reported to be common, as such
the level of worry reported by
participants at this stage was

reasonably low.

to get medication” [P2]

“It was quite a bit residential home and it was quite
rabbit-warreny and all the rooms linked together so
you could never be completely sure that she didn't
walk out of another room, so we went round a few
times before we were quite certain that she defiantly

wasn't there.” [P3]

“He wasn't around, so | went to the room, knocked on
the door, nobody there. Knocked again, obviously
somebody could be sleeping, nobody there. Entered the
room because | had akey and hewasnot in hisbed” [P4]
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e Healthissues(6)

Enlist Help of Friend or Peer

Reference Frequency
Sources 5, References 25

Sequence Order

Typically, immediately
follows “Search Position of
Last Sighting”

Most Prevaent Globa
Theme:
Responsibility/Meta-

Cognition

Least Prevadent Globa
Theme: Safety, Wellbeing
and Risk

The decision to enlist the help
of a friend or peer was
typically taken immediately
following a  confirmed
absence. In the case of
professional  carers, this
decision did not amount to an
official report of absence or
the involvement of

management.

Sub-Themes
e Assistance (12)
e Reassurance (8)
e Policy (3)

Participants reported enlisting
the help of afriend or a peer to
ascertain whether anybody else
had seen the absent person and
to seek both material assistance
and reassurance that they were
conducting a sensible course of
action considering the
circumstances. This decision
aso resulted in the absenteeism
being publicly acknowledged
and represents the first
escalation that participants

began to worry.

“well, yeah aso, an...an and also | thought, I'm gonna
need some help now, like | said to you this is the point
at which, | need help, | can't do this on my own. because
he's obviously wandered off farther than | can check on

my own” [P1]

“l think because | was still quite new | did get help
immediately. Because | was panicking, and | got this
other person and said. | am sure it's ok, but X is not in
her room, is that ok or should we start looking for her
to see if she's about? So | think the other member of

staff helped me at that point.” [P3]

“that would be standard procedure, you would let your

team know” [P4]
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Search Nearby Area

Reference Frequency

Sources 5, References 61

Seguence Order:
Immediately after, enlisting
help.

Most Global
Theme: Astral Travelling

Prevalent

and Hypothesis Generation

Global
Theme: Responsibility and

Least Prevalent

therole of acarer.

This set describes the
decision to search the further
areas  surrounding the

position of last sighting on
foot. It is limited to searches
on foot no more than afifteen
the

minute wak from

position of last sighting.

Sub-Themes
e Location and
Environment specific
considerations (41)

® Person-Specific
Considerations (34)

e [Establish person is

“missing” (40)

At this point in the incident, the
participant (usually
accompanied by afriend or peer)
begins to search areas further
afield from the position of last
sighting, generating and ruling
out hypotheses as to where the
likely to be.

Participants use their knowledge

person is

of the missing person and the
context of their disappearance to
generate hypotheses of where
the person may be. Stress and
worry begin to increase as
participants begin to
acknowledge the person is
‘Missing’
absent.

rather than merely

“1 knew it would be closed because of course they don't
open till 11" [P1]

“It is literally next door, erm so of course | knew it
would be closed because of course they don't open till
11, so | knew it would be closed but | just thought he
might be standing in there's alittle porch out the front |
thought he might be standing in the porch. | aso |
suppose | thought if | could stand in the road, | could
look down the road | might be able to see him” [P1]

“| said stay where you are, check the bus stop, the bus
station...| said have one person stay in the vinicinity
where he ran off and one person go and check at the bus
stop. I'll come out to you and | got there within about
15minutes.” [P2]

Tl Senior Member of Staff

Reference Frequency

This decision applied only to
paid carers in a professional

context and represents the

The issue of responsibility was
prominent in the commentary

about this decision and carers

“1'd probably tried to call her three or four times over the
space of about 10-15minutes.” [P3]
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Sources 4, References 19
Sequence Order

This decison was often
made after the care facility
had thoroughly
searched and additional
searches would need to be

been

conducted off site.

Global
Theme: Responsibility and

Most Prevaent

the Role of a Carer

decision to officialy report
the missing person to a senior
member of  staff or

management.

Sub-Themes
e Communications,
Operations and Policy
€)
e Timing and Shift
Considerations (8)

e Acknowledgement of

often felt like they had failed in
their duties. Whilst there was
often guidance about when to
report this incident in each care
facility, often carers would use
their own initiative to decide the
most appropriate time to report

the incident, based on the
perceived severity of the
situation and  operationd
concerns.

“Y eah, by that time the management would have come

in so they would have comein at 9oclock” [P4]

“Because I'd spent the day with her | felt personally like
I'd lost her. | remember shitting myself about having to
ring my manager, like'I'mreally sorry it'saFriday night,
I'm really sorry I've got to bother you at home but I've

lost so-and-so. It was quite terrifying” [P3]

the Problem (7)
Least Prevadent Globa
Theme: Safety/Astrd
Travelling
Initiate Wider Search The wider search was often | At this stage in the incident, | “Is he, is he making his way back up to college is he
Reference Frequency conducted with a car along | participants reported feeling | walking back to college because we know he likes to

Sources 5, References 43

Sequence Order

the maor roads close to the
position of last sighting and

usually involved teams of

extremely worried. Generaly,
they report finding it difficult to

generate plausible hypotheses as

walk.” [P2]
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This often occurred after the
the
position of last sighting had

areas  surrounding

been searched, or in the case
of professionals, following
theincident being reported to
management.
Most Prevaent Globa
Theme: Astral Traveling and
Hypothesis Generation

Least Prevdent Globa
Theme: Safety, Wellbeing
and Risk

people working together

communicating via mobile

phone.
Sub-Themes
e Knowledge of
Missing Person and
Past Behaviour (22)
e Assistance of Others
(17)
¢ Ruling out
Possibilities/Doubt
(14)

® Responsibility (13)

to where the missing person
might be, but often felt that that
this step was required due
diligence and that they needed to
rule out all possible places the
person might be, no matter how
unlikely the considered these

possibilities.

“we just looked around the area where he was gone and
made the decision to just get back in the car and we just
had adriveround.” [P2]

“and then basically widened our search and by thistime
other staff members had some in so we were able to put
two staff members in a bus, I'd say about 9 o' clock,
sorry, in a vehicle to patrol around the area by road in

case he was walking somewhere by road.” [P4]

“So as | say were checking the woods with two people
and there's two people out in the vehicle as well having
alook.” [P4]

Call the Police

Reference Frequency

62 References, 5 Sources

Thisset detailsthe decision to
call theemergency servicesto

report the person as missing

Participants were often reluctant
to call the police and often saw
this their

as faling in

responsibilities as a carer and

“Again, risk assessment wise if we've not found [x] you

know we would contact parents and the police” [P2]
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Sequence Order

This was the last decision
reported by carers in the
immediate aftermath  of
discovering a person is
missing. After this point, the
carers are no longer the
principle decision makers in

the missing person search
strategy.

Global
Theme: Responsibility and

Most Prevalent

the Role of a Carer

Least Global

Theme: Astral Travelling
and Hypothesis Generation

Prevaent

and provide material
assistance to the search.
Sub-Themes
¢ Policy and Operations
(24)
® Transfer of
Responsibility (22)
e Lack of Credible

alternatives

e Attitudes towards the
police (22)

e Barriers(21)

also failing to find the person

once missing.

Participants were also reluctant
to call the police as this action,
in their view “made it real”; the
person was no longer merely
absent, but truly missing.

Attitudes  towards  police
involvement were ambivalent,
with participants feeling relived
that professional help was on the
way, but often found it
frustrating that they were no

longer in control of the situation.

“You dial 999, and the voice on the other end says,
which service do you require, what telephone from the
other end are you calling from. and that's it. They have
taken over.” [P1]

“you've GOT to cal the emergency servicesin on this.
You CANNOT rely on odds and sods just wandering
around, y'know willy nilly.” [P1]

“l wondered that if | did it too often, would they come
and think that actualy | wasn't 100% balanced either”
[P1]
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APPENDIX B.4

Global Theme

Description

Examples

Responsibility and the Role of a Carer
Reference Frequency:
References 177, Sources 5

Most Frequently Mentioned in:
Cdll the Police

Sub-Themes:
e Barriersand Difficulties (43)
o Caes Support and
Psychological Needs (39)

e Relationship and Duty of Care
(177)

e Respect for Personhood (46)

One of the most pervasive themes which was
identified during the analysis was the issue of
relationship

between the carer and care recipient was

perceived responsibility. The
discussed in detail in each incident. Often carers
reported a trade-off between ensuring the care
recipients safety and the wish to preserve their
autonomy. Barriers and conflicting concerns of
responsibility also played a role in decision
making. For example, in one of the incidentsthe
concern for the immediate safety of the care
recipient was often at odds with what the
guardians believed to be in that person’s long
term psychological interests.

Wehad aredlly nice day together and | think we went
out shopping and | helped her tidy her room and like
general sort of bonding stuff like that.” [P3]

“The difficulty was that it was his home and | didn't
feel able, certainly during the day to lock the front
door” [P1]

“1 suppose that's the point at which, y'know you kind
of want somebody to help and hold your hand abit
and say, it's ok, y'’know it'll be ok.” [P1]

“Astra  Travelling”
Generation

and Hypothesis

Reference Frequency:
References 161, Sources 5

This theme relates to carers trying to generate
possible hypotheses of where the absent person
might be by taking the perspective of the absent

person. This theme was the most prominent

“we got together and thought about possible places
where this person could be from his past behaviour
and one of the past behaviours’ [P4]
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Most Frequently Mentioned in:

Search surrounding Areas on Foot

Sub-Themes:

e Hiding and Avoidance (21)

¢ Knowledge of themissing person

(79)

¢ Recent Eventsand Mood (13)
¢ Risk Related Hypotheses (20)

e Situation
Considerations (53)

Specific

during the typical “searching” tasks, such as
searching the surrounding and wider areas.
Carers used knowledge of the person's
preferences, past behaviours and current mood
when generating hypotheses as to where the
absent person might be. In the initial stages of
the incident, participants were able to easily
generate a variety of possible places to search,
yet as the incident progressed, they found this

increasingly difficult.

“if he wanted to abscond and not be found that was
pretty, you know it's countryside, it's quite easy to do
that” [P4]

“She could just be hiding and winding us up.
[laughter] making us look for her behind a tree or
something like that.” [P3]

“it's usually an incident that's happened either the
night before or he'sworried about something or there

might be a change in the routine” [P2]

Safety, Wellbeing and Risk
Reference Frequency:
References 140, Sources 5

Most Frequently Mentioned in:
Cdll the Police

Sub-Themes:

This category refersto stated concerns about the
care recipient’s physica and mental wellbeing
and the risks they may be facing. Risks
identified included pre-dispositions towards
injuries, such as mobility problems and
medications. Psychological risks included
stranger anxiety and conversely an propensity to

trust strangers too much. Externa risks

“he used to experience quite extreme mood swings
and therefore he would leave the premises without

informing anybody” [P2]

“The procedure is, we can't take any of our learners
inour own cars. But | just felt at that moment intime,

to keep, to keep the young man safe, | said he could
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External Risk (28)

Medical Conditions (Physical)
(33)

Past Behaviours (42)

Policy and Routine (33)
Psychological Vulnerability (56)

identified included traffic, environmental risks

and risks from adverse weather conditions.

go in and it were just weighing up the situation
really.” [P2]

“y'’know a fairly typcia pub carpark, and had
potholes that you could bury half aroman legion in”
[P1]

Metacognition
Reference Frequency:
References 135, Sources 5

Most Frequently Mentioned in:

Search surrounding areas (on foot)

Sub-Themes:

Anxiety (39)

Certainty and Uncertainty (61)
Flow (19)

Lack of alternatives (24)
Regret and guilt (27)

Metacognition, refers to the act of thinking
about one’'s own cognitive and decision making
processes. This theme refers to sections of the
transcripts where people comment on their
decisions or on their overall awareness of the
situation, as well as on their own responses.
Comments about certainty and uncertainty were
the most common in this category, with
participants often questioning whether they had

engaged in the optimal course of action.

“Is he safe? Is he ok? Because the longer it goes on,

anxieties build with everybody really.” [P2]

“1 suppose that's the first kind've thing, is - | should

have stayed where | could see him..” [P1]

“l suppose | didn't want to bother someone at home
if there wasn't actually an issue instead of trying to
sort it out myself. If that makes sense. It was almost

sort of asalast resort.” [P3]
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APPENDIX C

Brief, Screening and Consent

Thank you for your interest in this interactive questionnaire study investigating the attitudes

around missing people. This work is part of a larger body of work investigating the role

assistive technology may play in helping to find people with care and support needs who go
missing. This work is funded by the EPSRC and Philips Research and conducted at the

University of Nottingham and will form part of a PhD project. This study has received ethical

approva from the internal ethical review board at the University of Nottingham.

| have been made aware of the study's aims and methods.

| realise that this study will use personal information to inform hypothetical scenarios
which may be distressing to some individuals.

| consent that data from this study (excluding personally identifying information) may
be published and stored for up to seven years after publication in accordance with
University Policy.

| am responsible for the care of another person.

| have been made aware of my right to withdraw.

| realise | am under no obligation to answer any question in the study.

| am over 18.

| consent that the above information is correct and agree to participate in the study as

outlined to me

Background Questions

1.

What is your age?

2. Areyou responsible for the care of another person?

3. You...

276

are a parent or guardian / are responsible for the care of another person in your
professional duties (e.g. carer, teacher) / carefor afriend or relative

You are...

Mae/ Femae/ Other/Prefer not to say

Do you have access to your own vehicle?

Yes/ No

The person that is dependent upon meis...
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10.

11.

12.

13.

14.

A child/ An adult

The person dependent upon meis...

Male/ Femae/ Other/Prefer not to say

Please enter the first name, nickname or pseudonym of a person that you care for. (e.g.
"David", "Jill", "Mum")

What level of independence does this person have?

Very Dependent. This person requires constant supervision and needs to be within
eyesight of either myself or a designated adult at al times. / Dependent. This person
cannot leave the house without my supervision or the supervision of atrusted adult. /
Somewhat dependent. This person may under certain circumstances leave the house
unescorted but | need to know where they are. / Independent. This person often leaves
the house without the need of an escort and very occasionally might stay with somebody
else with my permission. / Very independent. The do not always sleep in the same
house as me but | like to know where they are. / Almost entirely independent.
Sometimes | will not see them for afew days and | don't aways know where they are.
What level of mobility does this person have?

Mobility is not an issue. This person can wak around outside with no significant
difficulties/ This person can walk around unaided outside but at a slow pace, or needs
to take regular breaks / This person has difficulties moving around outside and may
require the assistance of a mobility aid / This person can only move around for short
periods of timeand requiresagreat deal of assistance/ This person cannot move around
a al and requires either myself or another designated person to move from place to
place

Does this person have access to any means of transportation? [Choose all that apply]
This person can use public transport / This person has a car and/or a motorbike / The
person has abicycle

Does this person have a mobile phone?

Yes/ No

Aside from the house, please list asingle place that the person you care for likes to go,
or frequently visits. “David likesto go to i

Which of the following activities might you perform which may leave the person you
care for unattended? [ Choose as many as apply]

Shopping / cooking / having awash / sleeping / performing household tasks



15. Please enter the name of atrusted friend, family member, colleague or spouse on whom

you can depend upon in an emergency regarding the person you care for.

Scenarios

Initial Scenario. “You finish [Activity] and comeback to redisethat [Care
recipient] isn't where they were before you left. There are no signs as to where [Care
recipient] has gone.”

Call Mobile Phone. You decide to call (care recipient)’s mobile phone. The phone
doesn’t ring and it goes straight to the answer phone message. The phone is either
turned off or has no signal.

Search Nearby. You search the neighbourhood and surrounding areas. You cal
out [Care recipient’s]| name in the street and ask passers-by if they have seen anybody
matching that description. Nobody has seen [Care recipient]

Get in Car. You get in the car and drive down the roads next to your house and al the
roads [Care recipient] is likely to walk down. Unfortunately you don’'t see [Care
recipient] or any indication that they have been there.

Check Likely Place. You decide [Care Recipient] could have gone to [Likely place]
S0 you go over to [Likely place]. But there is no sign of [Care Recipient] there.

Call Trusted Friend. You cal up [Trusted friend], who promises to rush back, but
unfortunately [Trusted friend] is out of town and will take over an hour to get back.

Probing Questions

How are you feeling at this point? (Open Text)

On this scale please rate your level of surprise and worry at this point in time from O-
100 where O represents not at all worried/surprised.* - Level of Surprise

On this scale please rate your level of surprise and worry at this point in time from O-
100 where O represents not at all worried/surprised.* - Level of Worry

4. How concerned are you for [ Care Recipient Name] safety and wellbeing at this point?*
5. What isyour PRIMARY safety concern at this point?

Physical Risk (e.g. Risk of Injury or Accident) / Psychologica Risk (e.g. Stress,
anxiety, Social difficulties) / Health Related (e.g. Pre-existing medical condition)

Could you describe any specific risk you think the personisin at this point?

7. What do you think is most likely to have happened to [ Care Recipient Name] ?
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Given the following choices, which option are you most likely to do next?



0.

Check to seeif [Care Recipient] has goneto [likely place] / Enlist the help of [Trusted
friend] / Get in the car and drive down the major roads nearby. / Call the Police/ Search
the neighbouring and surrounding areas. / Call [Care recipient’s] mobile phone.

How confident are you that thisis the most appropriate course of action? (1-100)

10. If you would intend to do something else at this point not listed above, please say so

here. (Scenario will unfold according to your previous selection)

11. Isthere anything that might help you come to a better decision at this point?

Call the Police

e Youdecideto call the police. The Police ask you a series of questions about [Care
Recipient] including a description and any medication that [Care Recipient] may
have been taking. They keep you on the phone for approximately 10 minutes and
ask you to remain at the residence.

How are you feeling at this point?

Are you feeling better or worse after contacting the Police?

a. Better / Worse/ The same

3. How and why?

4. On this scale please rate your level of surprise and worry at this point in time from O-

100 where O represents not at all worried/surprised.* - Level of Surprise]

On this scale please rate your level of surprise and worry at this point in time from O-
100 where O represents not at all worried/surprised.* - Level of Worry

How likely isit that you would be able to provide an appropriate description of [Care
Recipient] that would help the police search activities? (1-100)

7. How confident are you that the Police will do all they can? (1-100)

How confident are you that [ Care Recipient] will be found in good health? (1-100)

e Two policecarspull up infront of your house. Y ou go to the window and see [Care
recipient] get out of the car with the police. Luckily, a patrol car had passed
someone matching [Care Recipient’s] description almost immediately after your
call. [Care Recipient] seems alittle embarrassed but is otherwise in good health.

How are you feeling now?

2. How are you feeling towards [ Care Recipient] after their disappearance?

3. Isthere anything you might do differently if such an event were to occur in real life?

Prize Draw and Contact
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1. Do you wish to be contacted regarding the results of this study?
Yes/ No

2. Do you wish to enter the prize draw?
Yes/ No

3. Please enter your email addressif you wish to be contacted regarding the results of the
study or enter the prize draw. Your email address will not be used for any other

purposes.
Attitudes towards Assistive Technologies

1. Do you think the person you care for would comply with wearing a location-based

tracking device?
Yes/ No/ Maybe/ Unsure

2. Would Y OU be comfortable with using alocation-based tracking device for the person
you care for?
Yes/ No/ Maybe/ Unsure

3. Which of the following technologies do you think would be helpful in this situation?
[ Choose as many as you think would be appropriate]
Smart Watch with GPS / Security Cameras in the House / Tracking Device Pendant /
Alarm System on Doors/ Smart Phone / Other

4. Please comment on your choices

Debrief

Thank you very much for participating in this study. Y our responses have been saved and will
help inform the development of assistive technologies in the future. We hope that you have
enjoyed this study and that it was not too distressing. If the study has caused you extreme
emotiona or Psychological distress, you are encouraged to phone the NO PANIC Hotline
on 0844 967 4848 (10am-10pm) or contact the researcher directly at:

Kyle.Harrington@Nottingham.ac.uk. You can also
contact Kyle.Harrington@Nottingham.ac.uk if you wish to have your resultsremoved from the

study or have any further questions.

The advice given on by the UK Government is:
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“1f someone goes missing, contact anyone you think may know their whereabouts — if you're

still concerned, contact your local police.- You don’t have to wait 24 hours before contacting

the police.”

For further information on missing people, or for help, advice and support. Please

visit <Missing People>

281



APPENDIX D.1

Information for Participants — Study into Real-World Search Behaviour
Student: Kyle Harrington — Kyle.Harrington@Nottingham.ac.uk
Supervisors.  Sarah Sharples— Sarah.Sharples@Nottingham.ac.uk

James Pinchin — James.Pinchin@Nottingham.ac.uk

Ethica Approva for this study granted by University of Nottingham, Department of
Engineering

Thank you for your interest in participating in this study. This purpose of this study is to
investigate how people working in teams conduct search tasks in a rea-world environment.
Thisstudy ispart of alarger PhD project at the University of Nottingham investigating informal
missing person search prior to police involvement. The PhD project is funded by the

Engineering and Physical Sciences Research Council and Philips research.

The study involvesteams of four people working together in an attempt to find as many “ search
targets’ as possible within a half an hour period. Once signing up to this study you and your

teammates will be allocated a start time and randomly assigned to one of four conditions.

You will be asked to meet the researcher at a specified location at your allocated start time.
PLEASE ENSURE ALL YOUR TEAMMATES ARE WEARING SENSIBLE SHOES
AND CLOTHING ON THE DAY. (Trainers and generic sports/gym clothing is preferable,
no high heels). At this point al of your team members will be asked to read this document
before signing a consent form. Y ou will then be given an android device and (possibly) atwo-
way radio for usein the experiment and told how to use these. Y ou will be asked to keep these
devices on at al times and only use them in the way specified by the researcher. At this point
you will be asked not to communicate with your team mates as you make your way to
designated starting positions.

Oncein these designated positions you will be informed that thetrail has started. Y ouwill have
half an hour in which to find as many “search targets’ as possible. The search targets will be
gports cones with NFC tags attached to them. These search targets will need to be scanned in
with the android device you have been given. Your team will be awarded a score based upon
how many search targets you have found in total. However, during any given trial, only a

certain amount of these targets will be “active” and count towards your final score. Y ou should
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not run during the trial or do anything else that may put yourself or others in danger. During
the trial, your location will be monitored, as well as other information relating to your use of
the app, an audio recording will also be made via the android phone. Y ou will aso be asked to

follow any instructions given to you by the researcher.

Oncethetrial isover you will be asked to return to the researcher and not to communicate with
your teammates. At this point you will be asked to complete awritten questionnaire relating to
the task.

Finally, you will be asked a few open-ended questions as a group and an audio recording will
be made. The search task itself will take half an hour, but the total trial time will take around

an hour and no more than half an hour.

Once the study is finished, you may elect to submit your team’s score to the leader board. If
you decide to submit your team’s score to the leader board, your teams score will be made
public and displayed physically around the HQ, and made available online. The winning team
in each of the four conditions will be awarded a prize of £100 worth of Amazon vouchers per
team. If you wish you may also have a certificate printed and a team picture taken for the
study’ s facebook page. No other reimbursement will be given for the study.

Y our voice recordingswill be transcribed and analysed using athematic analysis approach and
your location data will be used in additional analysis to test for search efficiency and other

metrics.

Y our participation in the study is voluntary and you may stop the experiment at any time. All
of the data stored on you will be stored securely in line with University policy and in

accordance with the data protection act.

In accordance with those principles persona data shall be:

Processed fairly and lawfully

Processed for specified purposes only

Adequate, relevant and not excessive

Accurate and up to date

Not kept longer than necessary

Processed in accordance with data subjects’ rights

o g b~ wDd PR
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7. Processed and held securely
8. Not transferred outside the countries of the European Economic Area without adequate

protection.

(Available at http://www.nottingham.ac.uk/governance/records-and-information-

management/data-protection/data-protection-policy.aspx)
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APPENDIX D.2

Consent form for Study into Search Behaviour

Please read each statement carefully and mark the corresponding box to indicate your

agreement. When you are finished please print your name and sign and date the document.
Student: Kyle Harrington — Kyle.Harrington@Nottingham.ac.uk
Supervisors.  Sarah Sharples— Sarah.Sharples@Nottingham.ac.uk

James Pinchin — James.Pinchin@Nottingham.ac.uk

Ethica Approva for this study granted by University of Nottingham, Department of

Engineering

Participant Eligibility

O | amover the age of 18
O | am asmart phone user

O |1 do not have any significant visual or auditory impairments that would hinder my

ability to use a smartphone or search for items

O 1 do not have any significant mobility issues that would prevent me from accessing
hills, grassland or shrubbed areas.

O | suffer from no other health issues that would put me at high risk when conducting
physical activity

Rules

O 1 will not run during the task

O 1 will not knowingly or intentionally give myself or my teammates an unfair advantage
inthetrial

O 1 will take care not to damage any equipment | am given
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| will not alter any of the settings on the device | am given unless directly asked by the

researcher and | will use the device in amanner explained to me by the researcher

O | am happy to leave my persona mobile phone with the researcher during this task if
requested

O 1 will take due care during the task and | will behave in a manner which does not
endanger myself or others nor cause damage to university property or grounds

O 1 will oAsssbey all reasonable requests by the researcher for the duration of the study

O 1 will not remove the search targets from their locations

Consent

O | haveread theinformation sheet and been made aware of the study’ saims. | understand
what isrequired of me

O | am happy for my location data to be recorded during this task

O | am happy for an audio recording of me to be made throughout the duration of my
participation the study

O | understand my participation is voluntary and have been made aware of my right to
withdraw

O | have been given the opportunity to ask questions

O | am happy for my data to be stored securely for up to seven years after the study in

0

0

accordance with University Policy and the Data Protection Act (1998).
(Avalable at http://www.nottingham.ac.uk/governance/records-and-information-

management/data-protection/data-protection-policy.aspx)

| am happy for the results of any analysis of my datato be shared with third parties and
used in any publications arising from the study

| understand that no personally identifying information will be published or shared with

third parties other than information (pictures, score) | have explicitly chosen to share

| agree to participate in the study as outlined to me

Optional
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O 1 wish for my team’s score to be entered into the league table in compensation for my

time (optional)

O | am happy to have pictures of me and my team mates that have been taken during the

trial to be displayed on social media (optional)

O | am happy to wear a video camera during the trial so that videos of the study can be

used in demonstrations and presentations (optional)

Print Name

Signature Date
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APPENDIX E

Participant: Condition: Trid:

& &

How many TOTAL targets (repeats or otherwise) did each participant find?
1)

2)

3)

4)

How many unique targets did each participant find?
1)

2)

3)

4)

How many meters did each participant walk (meters)?
1)

2)

3)

4)
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Which participant was closest to the red marker?
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APPENDIX F

Participant | Visual Shared Cones Map

Number Map Audio Distance | Found Repeats | Score SARTScore
1] Yes Yes 2444 3 0 8 21
2| Yes Yes 3737 4 0 7 27
3| Yes Yes 2685 8 0 10 21
4| Yes Yes 3344 3 0 6 19
5] Yes Yes 3067 3 1 8 18
6 | Yes Yes 2582 10 0 10 23
7 | Yes Yes 2570 0 0 8 14
8 | Yes Yes 3225 5 0 7 20
9 | Yes Yes 3456 12 3 4 25
10 | Yes Yes 3523 14 2 4 20
11 | Yes Yes 3122 9 2 7 33
12 | Yes Yes 3093 20 2 6 18
13 | No Yes 2870 10 1 8 12
14 | No Yes 3352 0 10 17
15 | No Yes 2769 0 9 17
16 | No Yes 3325 12 5 9 30
17 | No Yes 2249 12 3 9 19
18 | No Yes 2563 10 4 8 18
19 | No Yes 2694 17 5 5 15
20 | No Yes 2796 13 0 6 22
21 | No Yes 2539 14 1 8 19
22 | No Yes 2747 4 5 2 14
23 | No Yes 2279 3 0 2 17
24 | No Yes 2616 8 0 6 20
25 | Yes No 3264 12 0 3 19
26 | Yes No 3232 5 0 9 22
27 | Yes No 2778 10 0 3 25
28 | Yes No 2398 6 0 6 15
29 | Yes No 3220 3 0 5 22
30 | Yes No 2779 4 0 6 22
31| Yes No 2879 0 0 3 8
32 | Yes No 2476 4 0 2 21
33 | Yes No 2539 14 1 2 22
34 | Yes No 2747 4 4 6 20
35| Yes No 2279 3 0 4 16
36 | Yes No 2619 8 3 9 11
37 | No No 2548 17 3 6 18
38 | No No 2799 8 1 4 22
39 | No No 2929 14 0 6 15
40 | No No 1989 8 2 4 17
41 | No No 2600 8 1 5 20
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42 | No No 2621 10 1 4 18
43 | No No 1193 2 0 5 5
44 | No No 2626 15 4 8 14
45 | No No 3020 5 0 5 23
46 | No No 2852 8 0 6 13
47 | No No 2780 5 0 6 22
48 | No No 2877 13 1 7 16
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