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Abstract  

The uncertain nature of mental health and the complexities in delivering mental healthcare has 

brought immense pressure on healthcare professionals to use risk assessment and formulation tools 

that can accommodate the complexities of mental health risk assessment and clinical decision-making 

processes. The domain of this research is enhancing risk assessment and formulation process in 

mental health using mental modelling techniques to gaining an understanding of clinical decision-

making process and clinical workflow. Enhancing risk formulation requires an examination of the 

clinical decision-making model of the risk formulation tool used and the users’ perceived mental 

model of the tool based on actual clinical workflow.  

An elicitation of users’ mental model was carried out with data on users’ interactions with the 

Galatean Risk and Safety Technology (GRiST); a web risk assessment tool with a view of identifying 

patterns, behaviours and preferred options of the user which may however not synchronise with the 

conceptual model of the system causing a mismatch which impacts on performance of the end users. 

The elicited users’ mental model showed common pattern of data collected and questions ignored 

when answers are expected. Missing data, incomplete tasks/data and data inconsistencies were 

common issues identified.  

This showed the different approach of risk assessment the user has taken; the underlying reasons 

behind the chosen approach of the user could be lack of understanding of the system and its 

expectations, confusion arising from the set of questions, non-relevance of the required data or task, 

time pressure with too many questions, the overriding factor of the clinician’s skills, experience and 

intuition.  

This thesis develops a framework aimed at aligning the users’ mental model with the GRIST model is 

designed to address the shortcomings identified which include omission of data, unanswered 

questions, incomplete task and or data, non-relevant questions/data, differences in workflow and 

users’ mental model with GRIST suggested workflow and model is proposed. 
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Chapter 1 Problem Domain and Research Background  

1.1 Introduction  

The chapter introduces the challenges in mental healthcare delivery due to the complexities in the 

nature of mental health and the issues in effective risk assessment and formulation. It highlights the 

need to address the issues in order to enhance risk formulation. The chapter provides the research 

background and focus underlined in the research motivation and in the definition of the problem 

domain which leads to defining of the research question. The research aims and objectives based on 

the research focus are identified to provide the scope of the research.  

1.2 Research Motivation  

Achieving quality and cost-effective mental healthcare delivery has increasingly become a concern 

due to the rise in mental health cases in the United Kingdom (UK) and across the globe. Statistics 

shows that one person in five living in an area affected by conflict is living with some form of mental 

disorder, from mild depression or anxiety to psychosis worldwide. Around 1-in-7 people in the UK 

have one or more mental disorder [171] Statistics show that one in four persons in the UK and about 

450 million individuals worldwide suffer from neuropsychiatric disorders in their lifetime [202]. Early 

diagnosis and intervention plans have been suggested for effective management of mental health but 

the rising cases of wrong diagnoses and errors in clinical judgements due to the complex and uncertain 

nature of mental health and the risk assessment approach used have brought some challenges to 

healthcare managers [144]. This suggests the need to have a good understanding of the risk 

assessment process and how it accommodates the complexities of mental health diagnoses. This has 

also raised concerns on the clinical decision-making process and the risk assessment approach or tools 

applied in making appropriate clinical decisions for intervention. Decision support systems (DSS) are 

used to support decision-making in clinical settings. This is often with the assumption that the 

decision-making process in the clinical setting such as mental health assessment is well understood. 
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However, outputs of such decision support systems may not always support decision-making in the 

way that was intended if clinical assessment is not done properly. This situation usually implies some 

discrepancy between the decision-making process that is being modelled and done in practice or as 

perceived by the user. This suggests the need to examine the clinical decision-making model of the 

decision support system used for the risk formulation. The delivery of quality mental healthcare 

therefore may be very much dependent on the clinical assessments and judgements that are based 

on the adopted clinical decision-making process and the perception of the user. This shows the 

intimate and critical role of users’ perception and clinical decision-making process in risk formulation 

and the quality of care that clinicians provide to patients as poor decision-making can lead to adverse 

events with negative consequences [55]. Clinical practice is aimed at providing effective and accurate 

solutions to clinical problems of individual patients and could be described as an act of continual 

decision-making. The best clinical decision practice therefore demands making a choice that 

maximizes effectiveness and minimizes harm [98]. Kerrigan [114] describes decision making as the 

choosing of options directed toward the resolution of problems and the achievement of goals. The 

choice of options sometimes may be on the subjective intuition of the clinician especially where the 

supporting evidences were scant which further makes decision making unpredictable and non-

reproducible [12]. This implies that the decision process in the real world may be complex, ill-defined, 

and lack structure which requires a good understanding. Clinical decision making has therefore been 

described as a contextual, continuous, and evolving process. It is a process that includes clinical 

reasoning as part of the decision-making process in which information is collected and evaluated and 

then an action is taken or decision is made [102, 41, 46, 155, 133]. The process may include 

antecedents such as considering information, gathering information, and other activities such as 

weighing the risks and consequences which may be a challenge to carrying out effective risk 

formulation.  
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1.3 Defining Problem Domain – Research Background  

The domain of this research is the problem of enhancing risk assessment and formulation process in 

mental health using mental modelling techniques to gaining an understanding of clinical decision-

making process and clinical workflow. Risk formulation in mental health involves steps determined by 

the clinical decision-making process adopted in the chosen risk formulation tools based on accepted 

clinical workflow. Enhancing risk formulation may therefore require an examination of the clinical 

decision making (CDM) model of the risk formulation tool used and the users’ perceived mental model 

of the tool based on actual clinical workflow.  

The need to enhance risk formulation is borne out of the increasing rate of mental health cases, 

especially deaths by suicide which has made mental health a major social and public health problem 

[202]. The lack of clarity on how to assess individual cases for mental health risk is becoming a major 

concern for clinicians and mental health professionals [120].  

The need to provide quality mental healthcare intervention through quality risk formulation has 

prompted the formulation and establishment of policies and tools on how to effectively assess mental 

health risks and reach decisions on formulating intervention programmes [51, 35]. Different CDM 

models targeting structured, simplistic and systematic approaches have also been applied in the 

various risk formulation tools that relate with the workflow of the clinician with effective clinical 

support.  

The problem domain will thus be focused on enhancing risk formulation through having a good 

evaluation and understanding of the clinical decision-making model of the risk formulation 

process/tool and a good evaluation and understanding of the users’ perspective of risk formulation. 

The research therefore examines the challenges and issues in risk assessment and formulation, 

examination of clinical decision-making model of the risk formulation tool; and evaluation of users’ 

perspective of risk formulation.  
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1.3.1 Risk Assessment and Formulation in Mental Health  

A major concern in mental health is the increasing rate of mental health cases and the number of 

patients who never got the treatment they needed due to late or wrong detection [180]. Adult 

Psychiatric Morbidity Survey [134] highlights the predicaments of one in six adults with diagnosable 

mental health problems, yet only a third received a diagnosis. This situation calls for early detection 

and prevention of mental health cases requiring effective identification of risks such as suicide, self-

harm, harm to others and self-neglect risks. It also highlights the importance of risk 

assessment/formulation and the need to address the challenges of carrying out the process 

successfully.  

Risk is described as the probability of an event taking place with the potential of being harmful or with 

beneficial outcomes for self and others which affects the mental health of the individual. The presence 

of risk factors indicates the vulnerability of a person to or is at an increased probability of developing 

a mental health condition. Risk assessment is therefore a part of a comprehensive review of the 

mental health of an individual and considers a combination of psychological factors such as current 

mental health conditions, and social factors such as relationship problems, and employment status, 

to assess risk level and identify the care needs of the patient. Risk Assessment as a clinical practice in 

mental health targets the collection of relevant individual information and analysis of the potential 

outcomes of different identified risk behaviours on the individuals [51, 35].  

The three main domains in determining the level of risk are the assessment of current mental state 

including specific suicidal thoughts, assessment of empirically supported risk factors and assessment 

of protective factors [101, 100]. The process of information collection on the various aspects, what is 

to be recorded and the integration of the information to formulate intervention have become issues 

in risk assessment.  

The process is complex involving a large number of factors to be considered and integrated and it is 

not a well understood process either as a clinical activity or a probabilistic science [57]. Various 
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pragmatic approaches have been described for integrating these components effectively, but there is 

little agreement over how the components might be integrated [192], and even on what cues that 

should be collected, recorded, and the process of collection [87]. Moreover, the fact that mental 

illness is characterised by uncertainty and unpredictability makes the conduct of risk assessment and 

the use of a more structured and easily understood risk assessment approach / tools [61] very 

important and more appealing to improve the decision-making of mental-health professionals [130].  

This explains why a plethora of different risk assessment tools which are mostly paper-based are in 

use [89] while the search for and efforts to develop a common approach to risk assessment for all 

mental-health professionals continues [167]. Risk assessment is thus an intrinsic part of mental health 

care which provides the bases for effective formulation of intervention programmes. The concept of 

risk assessment within the field of clinical risk assessment and management has also been 

acknowledged as an important part of mental health care [138].  

A key clinical practice guideline defines risk formulation as a part of decision-making model process in 

which the practitioner decides how the risk might become acute or triggered. This highlights the 

importance of a clear effective decision-making process model to aid the risk formulation process. Risk 

formulation process has also been described as an organised framework based on a clinical decision-

making model to produce a narrative explaining the underlying mechanism and proposed hypotheses 

regarding action to facilitating change. It has become central to the process of risk assessment in 

recent years.  

An understanding of the process of assessment and the framework for formulation of intervention 

programme based on a chosen clinical decision-making model is needed to improve decision making 

and enhance risk formulation in mental healthcare [130].  

1.3.2 Overview of Clinical Decision-Making Models in Risk Formulation  

Risk assessment and formulation has also been described as an inexact science which raises questions 

on the accuracy of the clinical judgement particularly when there appears to be little consistency or 
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convention on how risks are classified and reported in practice [59]. The process involves the 

integration of potentially complex and often ambiguous information from inherently complex patients 

requiring a clear and simple clinical decision-making process to facilitate the methods of combining, 

scaling, or otherwise actuarially integrating risk factors into some sort of formula for judging level of 

risk [173]. The essence is to provide patients with non-biased, evidence based clinical 

recommendations that take into consideration objective assessment of risk. However, the challenges 

in the integration of the large mass of data collected during the assessment process precisely and with 

empirical certainty highlight the importance of a clinical decision-making process/model [178, 131]. 

This leaves the clinician to rely on clinical experience and inductive reasoning which further 

corroborates the argument that clinical formulation of risk is based on a cognitive understanding of 

data gathered about risk, ideation, and protective factors [178].  

Risk formulation adopts a process of conceptualising the problems with the view of specifying 

necessary interventions by endeavouring to statistically model the decision rules that would enhance 

the accuracy of clinical judgements [192].  

The use of some sort of formula based on the clinical decision-making model for judging level of risk 

have been shown to have poor specificity [173]. A new alternative approach is the use of a clinical 

decision support system which adopts unique models of clinical decision-making process and 

structured classification model. The different theoretical interpretations of decision-making process 

show the need for a general framework to facilitate the description of clinical decisions which is able 

to relate the data and their interpretations and is also reflective of clinical workflow.  

The challenge remains to provide clinicians and patients with non-biased, evidence based clinical 

recommendations that take into consideration objective assessment of risk using standard clinical 

practice/workflow as perceived by the user.   
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1.3.3 Gaining Users’ Perspectives through Users’ Mental Model  

The use of clinical decision tools in mental health risk formulation has played key role in the provision 

of quality decisions for quality health care. However, the essence and effectiveness of a clinical 

decision tool lies in its ability to effectively mimic expert knowledge of the human expertise and the 

clinical workflow in practice which has been a major challenge. Its impact in facilitating important 

clinical tasks including risk assessment and enhancing quality health care is also dependent on 

understanding and accommodation of the clinician’s cognitive workflow which is formalised in the 

clinician’s mental model of the system; this makes it easy for its acceptance and effective utilisation 

by the clinicians.  

The impracticality of many clinical decision tools may be due to the failure of developers to deal 

adequately with the logistical, mechanical, and psychological aspects of system use. Research shows 

that a better understanding of these factors that impact on the success such as poor usability or 

integration of the system into the workflow of the user, is very much required [146]. Understanding 

how users think, workflow is a start point which makes the development of user’s mental model a 

necessity in building a better focused clinical decision tool.  

The complexity of clinical tasks and experts’ behaviour necessitate a comprehensive awareness of the 

relationship between user information needs and functional requirements for CDSS systems. The 

importance of the interpersonal, cultural, and organizational aspects of the clinical decision tool in 

practice highlights the focus on the human dimension in understanding the user and in meeting his 

needs with a successful design.  

Mental models are regarded as important cornerstones for building knowledge and defining some of 

the cognitive processes that support change and learning. Examining and extracting the model 

provides a good platform for understanding the biases, beliefs, experiences, and values of individuals 

incorporated in the model that are constantly interacting with patterns of perception, thought, and 

action.  



23 
I.I Agboola, PhD Thesis, Aston University 2022 
 

The challenge is therefore capturing of users’ evaluative view and perception of the system using the 

users’ mental model. This will help to provide better understanding of the system’s functionalities and 

how it is fit for purpose and meets users’ requirements. This is necessary for the enhancement of 

users’ interactions and effectiveness of the system. The concept of mental model and the building of 

user’ mental model has been widely applied in human computer interface to enhance better user 

interface design.  

The concept is a psychological representation of some domain or situation which facilitates 

understanding, reasoning, and prediction [106, 105]. Mental models have been described as 

knowledge structures employed by users to represent, make sense of, and interact with the external 

world [77, 105]. Mental models may therefore be used to understand user’s behaviour, predict their 

actions on the system and guide their use of the system.  

The construction of models which reflect the decision structure has been described as one major tool 

for dealing with decision making under uncertain conditions and to gain an understanding for better 

decisions because it allows decision experimentation with hypothetical consequences [139].  

1.4 Research Focus  

The research is focused on three main issues necessary for enhancing clinical decision making in the 

mental health domain focusing on risk assessment, formulation and management. These issues are 

based on the motivation of research to guide the process of risk formulation in order to reduce or 

eliminate errors in clinical decisions:  

1) examining the risk assessment and formulation process and tools  

2) evaluation of the clinical decision-making model to facilitate the enhancement of risk formulation 

and  
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3) evaluation of mental health clinicians’ perspective of how assessments are taken for a better 

understanding of assessors’ behaviour, prediction of activities and enhancement of the overall clinical 

decision making.  

1.4.1 Enhancing Risk Assessment and Formulation Process\Tools  

Formal risk assessment involves complex processes with different mental illnesses and conditions 

which carry with them different prognoses and risks to the patient. An examination of the complex 

processes and the different components, levels and interactions will enhance a better understanding. 

Research shows that there is little agreement over what information should be collected and what 

cues should be recorded and how they might be considered in combination [192]. The main 

challenging issues include the collection of relevant individualised information of the patient in the 

midst of available mass of information, and the difficulties in integrating and applying this information 

to individuals and producing a comprehensive assessment report to facilitate effective risk 

formulation and consequent clinical decisions [183]. An understanding of how clinicians collect 

required relevant information and the process followed may be vital to the enhancement of the risk 

assessment/formulation process.  

In the midst of the disagreements and the uncertainty and unpredictability of mental illness a plethora 

of different risk assessment tools which are often paper based are in use [89] with doubt about the 

scope of improving the decision-making of mental-health professionals. It has also been noted that 

users are sceptical about the risk assessment tools they use [57]. Efforts are therefore ongoing to 

develop a common approach to risk assessment for all mental-health professionals [167].  

Suggestions have been made that risk assessment tool should be capable of incorporating crucial 

transient, dynamic, qualitative, and idiosyncratic cues to enable the formation of cue patterns and aid 

effective clinical judgement [85, 184, 93, 128, 129]. This has prompted the NHS National Programme 

for Information Technology (NPfIT) and other suggested framework to come up with a standardised 

minimum data set and the data structure that needs to be collected.  
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An examination of the risk formulation tool to determine its capabilities of incorporating relevant 

standardised data set and with a clearly defined data structure to enable efficient data collection is 

required for the enhancement of risk formulation. This shows the need to examine how risk 

assessment and formulation is carried out to determine how the process and sequence of data 

collection adopted in the clinical decision-making tool used affect the clinical practice workflow or 

have an impact on the clinical decision-making process and clinical decisions made.  

1.4.2 Evaluation of Clinical Decision Making  

Process The different theoretical interpretations of decision-making process show the need for a 

general framework to facilitate the description of clinical decisions which is able to relate the data and 

their interpretations. Gaining a better understanding of the decision-making processes is considered 

to bring some important benefits to the clinicians and their patients as it enhances clinical 

effectiveness and provides a platform to consolidate those elements that lead correctly to predicted 

outcomes while others are re-evaluated. 

Risk formulation is described as a clinical decision practice that demands the making of a choice that 

maximizes effectiveness and minimizes harm [98]. Kerrigan [114] describes decision making as the 

choosing of options directed toward the resolution of problems and the achievement of goals. The 

choice of options depends on the supporting evidences collected and sometimes may be on the 

subjective intuition of the clinician especially where the supporting evidences were scant which 

further makes decision making unpredictable and non-reproducible [12].  

Identifying how good clinical practices and decisions may be achieved and where improvements can 

be made is therefore an issue and can be problematic undermining clinical and organizational 

effectiveness. Achieving a better understanding of clinical decision making has been enabled by the 

representation of the process in different theories and models with the aim of understanding the 

process, elements involved and how changes can be evolved to enhance effectiveness in decision 

making. The need for the evaluation of the underlying model of the clinical decision-making tool 
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adopted to identify how the decision-making process may be enhanced and to accommodate the 

requirements of risk assessment and formulation is important. A user’s congruent corresponding 

mental models are developed which in turn facilitate the enhancement of functionalities and user’s 

interactions. 

1.4.3 Evaluation and Understanding of the Users’ Perspective of Risk Formulation 

A user’s mental model described as knowledge structures representing their cognitive process 

provides an evaluative view of the system from the user’s perspective. The mental model captures the 

cognitive thinking and behaviour of the user during the use of a system. It therefore shows the aspects 

and features of the system that facilitate the accomplishment of a functional task during interaction 

with the system. The model also projects users’ expectations of the system, guides expected usage 

and how feedback is interpreted. These features of user mental model make it useful in providing an 

understanding of the features and functions of the system considered as critical and most useful by 

users [106]. This will help in identifying important user-based system criteria to be considered in the 

evaluation and update of the system’s functionalities.  

User’s mental models are usually constructed during user interaction with the system and will 

generally include how the user perceives the system’s functionalities which are described as the 

system aspect of the mental model. This may provide the user’s evaluative view of the system which 

will be indicative of the aspects and features that facilitate the accomplishment of tasks carried out 

through interaction with the system. Zhang [207] suggests that user’s perceptions of a system are 

usually in four components namely system, content, information organization, and interface which 

may be exploited to make the system more effective and useful.  

Researches on mental models are however limited with focus on the wide varieties of the definition 

and characteristics of mental model such as the accuracy and completeness. Few studies have also 

been made on the impact of mental model on user’s navigational behaviour and interaction with 

system for a better understanding of user’s perception of the system [207]. Research on the use of 
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mental model is aimed at having a better understanding of the cognitive process of the user in the 

decision-making process and in the effective use of clinical decision support systems.  

This research is aimed at understanding the processes of risk assessment in mental health care 

delivery and how the building of users’ mental models can help enhance users’ effective decision 

making. The study will investigate the construction of mental models as a way of dynamically 

extracting new requirements and understanding the mind-set of users as they interact with the 

system. This is aimed at developing effective risk assessment process and enhancing the user 

friendliness of the system using mental model theories. 

1.5 Research Questions 

Can clinicians’ mental models be extracted from system interactions with the aim of improving clinical 

decision process for mental health risk assessment and management? The overall goal of the research 

questions is sub divided as follows: 

Can mental models provide an understanding of users’ behaviour?  

Can mental models be elicited from clinicians’ use of Decision Support System?  

Can the Decision Support encapsulate beneficial mental models? 

1.6 Research Aims 

The problem domain highlights that the research is focused on enhancing risk formulation with a good 

evaluation and understanding of the clinical decision-making model of the risk formulation 

process/tool and a good evaluation and understanding of the users’ perspective of risk formulation. 

The research is aimed at determining how risk formulation fits with the mental model of clinical 

decision making and the users’ mental model with a view of enhancing the clinical decision making 

process of risk assessments and formulation to reduce or eliminate errors in clinical decisions; 

evaluating the clinical decision making process of risk assessments and formulation to gain a better 
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understanding of the process, the approaches and tools used with a view of identifying the challenges 

and how to ensure effective clinical decisions and judgements and how it supports the clinical decision 

making process of the user. The evaluation is aimed at identifying how it impacts the clinical workflow 

and enhancing the clinical effectiveness of the Clinical Decision Support System (CDSS) and provides a 

platform of consolidating those elements that lead correctly to predicted outcomes while others are 

re-evaluated.  

The research is also aimed at evaluating user’s mental model to identify any mismatch with the Clinical 

Decision Making (CDM) model of the CDSS and how the models may enhance the software 

functionality and user’s interactions. The construction of the user’s mental model is with the view of 

gaining an inner depth to the user’s experience of the Galatea Risk Safety Technology (GRiST) and its 

challenges facilitating the development of a user’s congruent corresponding mental model. It is 

expected that conceptual models of a system such as GRiST; a mental decision support system and 

user’s mental models must be similar in order for the interaction to prove successful [187]. 

1.7 Research Objectives 

1.7.1 A critical examination of risk assessment and formulation approaches and tools 

Clinical risk assessment in mental health is noted to be a complex clinical decision-making process that 

is not a well understood process. There are different approaches and tools which have been tried and 

used for the process with varied advantages and limitations. The mental health industry has also 

established best practice guidelines for risk assessment to guide the approaches to risk formulation in 

order to enhance the process.  

An examination of the different approaches will be carried out to identify the impact on the process 

of collecting information on risk factors and the sequence of collection and integration, and the 

resulting intervention decisions. The examination of the approaches will also be aimed at determining 

the capability of the approach in incorporating crucial transient, dynamic, qualitative, and 
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idiosyncratic cues to enable the formation of cue patterns and aid effective clinical judgement. The 

examination will also determine the impact of the approach on the clinical practice workflow and how 

it supports clinical risk assessment practice in real life. 

1.7.2 Understanding the clinical decision-making process of risk formulation 

Incomplete diagnoses and errors in clinical judgements in risk assessment and management can be 

based on incomplete or inconsistent clinical decision making. This may imply some discrepancies 

between the decision-making process that is being modelled and the way decision-making occurs in 

practice.  

An examination of the clinical decision-making tool adopted for risk formulation will be carried out to 

determine how the clinical decision model of the adopted CDSS meets the requirements of the 

standard best practice guideline on risk assessment/formulation, how it supports and facilitates 

decision making in risk formulation and how it meets the workflow requirements of the clinicians. The 

clinical decision-making tool that will be used as a case study for the research is the GRiST, a web 

based clinical decision support system.  

This will require the understanding of GRiST’s ontology which represents its conceptual model, to 

provide a platform for an understanding of the kind of interactions undertaken with GRiST and how 

these can be tracked to determine how well the system is engaging with the human user in their 

shared journey.  

The research will identify the static and dynamic relationships between GRiST’s functionalities with a 

high-level description of how the system is organized and operates. This will help to specify and 

describe the major design metaphors and analogies employed in the concept of GRiST. The concepts 

used in the system which the users should know, including the task domain data-objects users create 

and manipulate, their attributes, and the operations that can be performed on them will also be 

highlighted. The relationships between these concepts will be highlighted and evaluated while the 

mappings between the concepts and the task domain the system is designed to support will be drawn. 
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1.7.3 A critical evaluation of user’s interactions with GRiST through the elicitation of 

users’ mental models 

The research will be focused on building a users’ mental model of GRiST which gives an evaluative 

view of the system from the user’s perspective. This will help to capture and explain the human mind 

and human behaviour in the use of the system. This stage of the research is aimed at capturing the 

end user’s experience of the system, and to show the internal abstraction of what the user thinks the 

system is supposed to be doing. The building of user’s mental model will require the examination of 

users’ interactions with the system, how they navigate the system in carrying out risk assessment, the 

processes followed, sequential steps taken and the general workflow. This is with a view of identifying 

patterns, behaviours and preferred options or paths of the user which may however not synchronise 

with the conceptual model of the system causing a mismatch which impacts on performance of the 

end users. 

1.7.4 Identify any mismatch between the CDM model of GRiST and the user’s mental 

model 

The construction of the model using the deposit of clinicians’ interaction with the system (data); 

illustrating the steps in which assessments were done; the type questions were answered or 

unanswered and how these are done (pathway). The data will be cleaned and the different pathways 

extracted to identify patterns of user’s interaction and behaviour. A comparison of the CDM model of 

GRiST with the user’s mental model will be made to determine any mismatch and identify any different 

mental model being pursued by the user. 

1.7.5 To determine how risk formulation fits with the mental model of clinical decision-

making process of GRiST 

The study will identify elements of the sequential workflow relevant to the requirements of risk 

formulation and the expected mental-model behaviour based on best practices and guidelines for risk 
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formulation. The study will also identify the relevant features of the CDM of GRiST and the provisions 

to accommodate the requirements for effective risk formulation process.  

An analysis of the user’s mental model will help in the identification of unique patterns and the 

sequential work flow in accordance to current medical practice in risk formulation different from 

mental model of GRiST. This is with the view of identifying how the GRiST functionalities may be 

enhanced with the incorporation of relevant work flow patterns to enhance risk formulation process. 

1.7.6 Providing a new framework of risk assessment and formulation approach 

A new proposed framework will be developed to enhance the risk assessment and formulation process 

and the decision-making process to enable quality and reliable risk formulation decisions. The 

proposed framework will be focused on ensuring that the CDM model of GRiST accommodates the 

requirements of effective risk formulation process. The proposed framework focuses on rearranging 

the process and arrangement of collecting the predisposing, precipitating, perpetuating and 

protective data on the risk in question and relating the factors to determine their interrelationships 

and impact on the mental health of the patient. 

1.8 Expected Contributions 

The research focus is in three main areas namely an examination of risk assessment and formulation 

process; a critical examination of GRiST as a Clinical Decision Support System (CDSS) and how its risk 

formulation supports the decision-making model; and the elicitation of user’s mental model of GRiST 

and evaluation of users’ interaction with the system.  

The main objectives focus of the research are carried out with the view of identifying how risk 

assessment and formulation can be supported and improved using an enhanced CDSS tool that is 

aligned with users’ mental model.  

The research contributes to knowledge in the area of risk assessment and formulation as it provides a 

deeper understanding of the challenges and complexities of the risk assessment process, and the 
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appropriate structure to guide effective risk assessment and formulation. The research also 

contributes to knowledge in the area of clinical decision-making process of a CDSS tool as it provides 

a deeper understanding of the decision-making process, different approaches to risk formulation, and 

how the functionalities can be enhanced.  

The research also contributes to knowledge in the area of eliciting users’ mental model to have the 

user’s perception of a system and identify unique patterns and areas for improvement in the system. 

The main expected contribution is the proposed new framework for risk assessment and formulation 

that will guide the enhancements of GRiST for good usability features and quality and reliable clinical 

decisions. 

1.9 Thesis Structure 

Chapter one provides the introductory and background view of the research issues presented in 

different sessions such as motivation for the research, research focus, research aims and objectives 

and expected contributions. The motivation for research provided an overview of the general research 

areas which include the enhancement of risk assessment tools, enhancement of the decision-making 

process of CDSS, and the assessment of user’s mental model. The research focus presents the problem 

areas to investigate in the research which will focus of identifying how risk assessment approach can 

be made effective, how the CDM model of the CDSS can be enhanced to support effective risk 

assessment and formulation, and how the CDSS can accommodate the cognitive workflow of the 

clinician and be aligned with the user’s mental model. The chapter also presents the research aims 

and objectives and the expected contributions. 

Chapter two presents the research background and literature on the state of mental health in the UK, 

its complex nature, challenges for effective risk assessment and formulation of evidence-based 

intervention programmes using a structured clinical decision-making process. The chapter also 

provided a critical examination of risk assessments and formulation in mental healthcare with a focus 
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on definitions, important role in risk assessment in mental healthcare, requirements in risk assessment 

/ formulation process and the different approaches to risk assessment. It highlights the complex 

nature of the process and what is required for a reliable and quality assessment and formulation of 

risk judgements and intervention plans. The chapter also examined tools used in the risk 

assessment/formulation process, best practices guidelines, the impact of clinical decision-making 

process and the issues to consider in the evaluation of the risk process. 

Chapter three examines clinical decision support systems (CDSS) and decision making. It examines 

CDSS in mental health and the challenges of CDSS. it also examines the need for an appropriate clinical 

decision-making tool and clinical decision-making process for effective risk formulation was also 

discussed with an examination of clinical decision support systems, their designs, types, challenges 

and how they have improved the clinical decision-making process in risk formulation with positive 

impact on intervention decisions.  

Chapter four presents the concepts of mental modelling highlighting definitions and underlying 

theories. The chapter examines the usage of mental models in the development and effective use of 

clinical systems. The important role played by the concept as a psychological representation of some 

domain or situation which facilitates understanding, reasoning, and prediction was highlighted. The 

use of mental model as important cornerstones for building knowledge and defining some of the 

cognitive processes that support change and learning is exploited in enhancing risk formulation. The 

chapter examined mental modelling in clinical decision making in mental health and in gaining 

understanding of clinical decision-making process. It also presents the elicitation of mental models 

and how it may enable the understanding of users’ cognitive behaviour with the view of enhancing 

risk formulation. The different methods of eliciting mental models will be reviewed with a comparison 

of the methods and processes involved using case studies. 

Chapter five presents an overview of the Galatean Risk and Safety Tool (GRIST) – the clinical decision 

support system that is used as the case study system for investigation. The chapter provides an 
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examination and analysis of the design of GRIST with description of the underlying classification theory 

and the processes required. It also presents highlights of the driving ontology that defines the 

operational functionalities of GRIST. The chapter describes the use of nodes, the attributes, data types 

and the XML knowledge tree, and how these facilitate the risk formulation process. The chapter 

describes the major design metaphors and analogies employed in the concept of GRIST 

Chapter six presents the research design adopted for the research. It examines the data mining tool 

for the data analysis. The chapter also presents the construction of the proposed framework to 

address the shortcomings of the mental model. 

Chapter seven presents the data analysis, results and discussion. It provides the data in the different 

categories, and the implications to the overall data collection process and risk judgements. 

Chapter eight presents the elicitation of users’ mental model based on the data analysis from chapter 

seven. It provided the identified pattern of users’ interaction representing their mind set and current 

clinical practise. 

Chapter nine presents a discussion comparing GRiST mental model and the elicited users’ mental 

model. 

Chapter ten presents the proposed framework formulated based on users’ behaviour and the 

identified issues of incomplete data and non-aligned models. 

Chapter eleven presents the research recommendations, conclusion, research contributions and 

further research. 
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1.10 Chapter Conclusion 

The increasing rate of mental health cases and the failure of the medical profession to deliver quality 

healthcare due to errors in diagnosis have highlighted issues in risk assessment and formulation that 

need to be addressed. The chapter highlights the need to have a better understanding of risk 

assessment and formulation approaches with a view of finding better ways of deciding interventions.  

The chapter also identified the need to examine the CDSS used as risk assessment and formulation 

tools in order to enhance its decision-making process and ensure it is aligned with the clinician 

practical workflow obtained from the construction of user’s mental model, and that it meets the 

requirements for risk assessment. 
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Chapter 2 Risk Assessment and Formulation in Mental Health 

2.1 Introduction 

Chapter one highlighted the research motivation and the research aims based on the increasing rate 

of mental health cases and the failure of the medical profession to deliver quality healthcare due to 

errors in diagnosis and poor decision judgements in risk formulation. The research focus has thus been 

established to examine risk assessment and formulation approaches with a view identifying the 

challenges, impact of the clinical decision-making process/model, users’ evaluative mental model and 

ways of enhancing the process for quality interventions.  

This chapter provides a detailed background of the research starting with a discussion on mental 

issues, its complex nature, challenges for effective risk assessment and formulation of evidence-based 

intervention programmes using a structured clinical decision-making process. This will be followed by 

a critical examination of risk assessments and formulation in mental healthcare. The process which is 

in two parts will be discussed separately starting with risk assessment followed by risk formulation. 

The section will focus on definitions, important role in mental healthcare, the requirements in risk 

assessment / formulation process and the different approaches to risk assessment. The section will 

also examine tools used in the process, best practices guidelines, the impact of clinical decision-making 

process and the issues to consider in the evaluation of the process. 

2.2 Mental Health Problems 

Mental health is described as a state of well-being in which an individual is able to realise his or her 

own potential, cope with the normal stresses of life, work productively and fruitfully, and is able to 

make a contribution to her or his community [202]. Mental health problems which affect one in six 

(17%) of people over the age of 16 had a common mental health problem in the week prior to being 

interviewed. This is an increase from the 2007 survey, which found that 16.2% had a common mental 
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health problem a week [73]. The Adult Psychiatric Morbidity Survey of 2014 which examines the 

mental health and wellbeing of people in England shows that one in six adults had a common mental 

disorder (CMD) [134].  

The survey also shows that one in five women and one in eight men were diagnosed of CMD. There 

has also been an increase in the reported rates of self-harming across age groups since 2007 and the 

trend shows that most mental disorders were more common in people living alone in poor physical 

health, and unemployed. 

The high prevalence of mental health disorders is thus raising increasing public health concern on how 

to effectively deliver mental health care. This growing concern is based on the acknowledgement that 

mental health care requires attention to detail, which can be difficult within busy practice areas [95]. 

The practice also requires good understanding of the experiences and the social context of patients’ 

inner worlds which most health care delivery systems have failed to do effectively [95].  

This makes the understanding of the cultural and social background of the patient an important issue 

in the treatment and management of mental health. Effective mental health care aimed at improving 

the outcomes for people with mental health problems therefore presents a core public health issue 

in the UK and worldwide. Achieving effective mental health care has however been challenged by a 

number of barriers which limit doctors’ ability, and that of the mental health sector resulting in a vast 

amount of unmet need among people with mental health problems. Statistics show that three in four 

people with a mental health problem in England receive little or no treatment for their condition while 

one in three NHS patients with depression and other mental health problems in England receives poor 

treatment [72].  

Statistics also show that 75% of people in England experiencing mental health problems receive no 

treatment at all while between 2002 and 2012 in England, 72% of people who died from suicide had 

not been in contact with their GP or any other health professional a year before their death [91]. The 

dimension of mental health cases is also changing as one in three adults in their life time, will be 
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diagnosed with common mental disorders ranging from depression, suicidal thoughts, anxiety 

disorders etc. [134].  

There has also been an increase in the reported rates of self-harming across different age groups since 

2007 till date and the trend shows that most mental disorders were more common in people living 

alone, in poor physical health, and unemployed [134]. It is said that the World Health Organisation 

(WHO) predicted that by 2020 mental health cases would account for 15% of the total world diseases 

[201]. This highlights the importance of the management and early detection of mental health and 

associated risks which rely on effective and successful risk assessment.  

There are a range of mental health conditions; from common problems such as mild depression and 

anxiety disorders, to more severe mental health problems, such as schizophrenia and bipolar affective 

disorder which require different levels of care. Effective mental health care therefore is a function of 

many factors such as complete assessment, understanding the socio-cultural background of service 

users and medical procedures and policies.  

The gathering of information on the patient and the analysis of the potential outcomes of identified 

behaviours of patients using effective medical procedures, policies and practices are also important. 

These factors are related in ensuring adequate health care management. Diagnostic criteria have been 

developed, and continue to evolve over time, to help identify mental health problems such as the 

WHO (World Health Organization) ‘ICD-10 Classification of Mental and Behavioural Disorders’ and the 

American Psychiatric Association’s ‘Diagnostic and Statistical Manual of Mental Disorders [153]. 

2.3 Mental Health Diagnosis and Assessment 

The alarming increasing rate of mental health statistics around the world highlights the need for 

effective diagnosis and early prevention of mental health aimed at identifying the risks associated with 

suicide, self-harm, harm to others and self-neglect. The Psychiatric Morbidity survey of 2003 shows 

the alarming rate of increase in people suffering from a neurotic (16.4%), personality (4.4%) or 
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psychotic disorder (0.5%) unfortunately never got the treatment they needed due to late or wrong 

detection [180].  

There is a growing concern for effective delivery of mental health care services based on accurate risk 

assessment and current medical knowledge and clinical procedures. This concern is founded on the 

increasing rate of mental health cases, symptoms and risk factors, and the continuous changes in 

medical knowledge and research outcomes. The increasing rate of mental health cases, symptoms and 

risk factors is brought to light in various medical reports such as the National Service Framework for 

Mental Health which highlights the need for effective diagnoses and assessment [134].  

Mental Health disorders today are usually diagnosed based on symptoms that are largely self-reported 

through subjective interviews and administration of partial sets of subjective questionnaires. This has 

made diagnosing mental health disorders a challenge as it should be carried out using a combined 

consideration of psychological (e.g. current mental health) and social factors (e.g. relationship 

problems, employment status) to capture the care needs of the patients and enhance the assessment 

of their risk of harm to themselves or other people [160]. Every patient presents with an array of 

physical, behavioural, cognitive, emotional and social symptoms which need to be collated together 

and then diagnosed into a “best fit” strategy that will ultimately determine treatment [160]. 

Research also indicates that not all the cases investigated received the needed treatment [181] which 

may be due to wrong assessment, lack of adequate assessment, wrong medical procedures/policies 

or lack of medical expertise. The need to understand individuals holistically taking into account cultural 

beliefs, values and attitudes, and social context is gaining importance due to the complexity of mental 

health problems and the increased need for services for different ethnic groups and for individuals.  

There has also been the concern that there is disconnect of mental health diagnosis with underlying 

physiological processes. This indicates that current clinical boundaries do not reflect distinct 

underlying pathogenic processes, at least on the genetic level. It also suggests a deeply interconnected 

nature for psychiatric disorders, in contrast to neurological disorders, and underscores the need to 
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refine psychiatric diagnostics. Trying to force fit patients into a specific diagnosis is therefore 

misaligned with the biological underpinnings of mental health disorders.  

There are diverse arrays of clinical and research-focused questionnaires which have been developed 

to review the symptoms of individual disorders. There are four fundamental challenges in the current 

state of mental health diagnosis which include asking the right questions; ability of subjective 

questionnaires to carry out effective assessment; carrying out partial views of symptoms; and a 

disconnect with underlying physiological processes [145]. Carrying out clinical interviews designed to 

map out the symptoms of the patient in order to classify them towards a particular diagnosis depends 

very much on asking the right questions. The questions should have some basic neutral questions and 

also to focus on the presence or absence of particular negative symptoms. Secondly, there are a range 

of screening questionnaires that are used to provide subjective assessments of a patient’s behaviour, 

either from a self-report perspective, or from the perspective of the clinician or caregiver.  

Although these may be critical to providing a holistic impression about the symptomatology of the 

patient, subjective assessments of behaviour are open to bias and can only do little. Thirdly, most of 

the questionnaires are designed to focus on one or two disorder types (or really categories of 

symptoms) which implies that symptoms outside the category may be missed and therefore 

accentuate the channelling of a patient towards a single disorder type, rather than providing the 

“bigger picture” of a patient’s mental and emotional prognosis where relevant. The practice of arriving 

at a single score from these questionnaires poses a significant problem. Fourthly, mental disorders 

don’t fit neatly within predefined boundaries but there is considerable overlap between different 

psychiatric disorders. Clinical boundaries do not reflect distinct underlying pathogenic processes. 

Attempts to force-fit patients into a specific diagnosis therefore may be misaligned with the biological 

underpinnings of mental health disorders. 

Putting patients into a particular diagnosis is fraught with problems, and fails to reflect the 

interconnected and overlapping spectrum of cognitive, emotional and social changes and their 
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relationship. In addition, the use of subjective assessments which are influenced by individual, social 

and cultural norms and are overly-focused towards the negative side of human nature are important 

notes of caution to consider within the realm of mental health diagnosis. A complete overhaul of the 

diagnosis of mental health disorders has been suggested to understand and treat patients at more 

physiological levels [145]. In this vein, objective measures, computerised tasks and more sophisticated 

analytical approaches have been recommended to avoid the partial subjective categorization into 

mental disorders but to provide the platform to understand broader symptom clusters, both negative 

and positive that will help to determine a course of treatment. 

2.4 Importance of Risk Assessment and Formulation 

The high prevalence of medical errors in clinical decision making to effectively deliver mental health 

care are growing public health concerns [72]. The mounting complexity of clinical decision making in 

healthcare delivery systems with consequent risk to patients has also highlighted the need to have an 

effective mental health assessment. The need to reduce the suicidal rates has prompted the 

formulation and establishment of policies and tools on how to effectively assess mental health risks 

and reach decisions on formulating intervention programmes [167, 51, 35].  

Different policies, guidelines and medical procedures have been established and implemented to 

facilitate effective mental health assessment and early detection and prevention of risk factors 

associated with suicide, self-harm, harm to others and self-neglect [167, 51, 35]. Health policies, 

guidelines and medical procedures on mental health assessment have also evolved over the past 

decade based on medical research outcomes and government regulations. This implies that mental 

health assessment needs to be based and guided by policies and medical guidelines.  

Formal risk screening and assessment involve complex processes with different mental illnesses and 

conditions which carry with them different prognoses and risks to the patient. Assessing and 

formulating the likely future course of events involves the consideration of a large number of factors. 
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The process is highly individualized and context specific and the focus in a suicide risk assessment and 

formulation is to understand how the risk and protective factors play out and balance themselves in 

the socio-cultural milieu of the patient to render him/her at a certain level of risk for harming 

themselves.  

The diagnostic process of mental health assessment has key psychological dimensions which need to 

be fully considered to produce the right intervention. The dimensions include diagnostic reasoning, 

acknowledging and learning from mistakes, workplace culture, teamwork relationships, and physician-

patient-family communications. The Institute of Medicine (IOM) report [151] makes a strong case for 

devoting more attention to these crucial issues in order to improve the diagnostic process and also to 

avoid the challenges of cognitive bias, missed diagnosis and misdiagnosis which leads to errors of 

clinical reasoning, resulting in inappropriate action. These challenges have an impact on patient care, 

inform research on diagnostic errors in psychiatry, and point toward areas where improvements might 

be made. Improving the diagnostic process is a public health imperative and also represents a moral 

and professional duty. 

2.5 Risk Assessment in Mental Healthcare 

Mental healthcare is focused on the identification of risk based on some psychological, economic and 

social factors, the potential impact on the patients and formulation of intervention programmes. Risk 

assessment aimed at identifying specific risk factors of relevance to an individual and the context in 

which they can occur thus forms an intrinsic part of mental health care and provides an opportunity 

to engage with patients, their carers and families in order to gather relevant information and promote 

the patient’s safety, recovery and wellbeing [58, 89].  

Risk assessment is a clinical practice that combines the consideration of psychological factors such as 

current mental health conditions, and social factors such as relationship problems, employment 

status, as part of a comprehensive review aimed at capturing the care needs of the patient, and 
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assessing their risk of harm to themselves or others [183]. The process of risk assessment and 

formulation is a twofold process where the first set of processes is used by mental health professionals 

to focus essentially on gathering all relevant information regarding patient risk factors by recreating 

the attempt in order to understand the psychiatric history surrounding the attempt. 

The second set of processes is concerned with weighing factors against each in order to reach a clinical 

judgement regarding the risk of suicide in an individual patient [88]. Specialist mental health training, 

skills and experience of the clinicians play a major role in risk assessment but often times the 

complexity of the processes and uncertainty of risks makes the formulation and determination of best 

clinical decisions difficult to achieve in spite of the clinicians’ experiences and skills.  

The core process of risk assessment involving the collection of relevant individualised information of 

the patient in the midst of available mass of information, and the difficulties in integrating and 

applying this information to individuals and how to produce a comprehensive assessment report to 

facilitate effective risk formulation and consequent clinical decisions is a daunting task [107]. Risk 

assessment in mental health is challenging due to the number of considerations that need to be made 

to effectively promote the patient’s safety and wellbeing [206].  

A good and useful risk assessment tool is required to carry out a comprehensive review of the patient 

and potential risk factors. Carrying out effective risk assessment requires an easy, quick and effective 

system of managing the collection of relevant information from multiple sources and identification of 

empirically supported risk and protective factors. It also requires a system that enables a focus on the 

factors that are modifiable in order to try and bring down the risk of future attempts. The expectations 

of the outcome of the risk assessment process therefore include predicting a patient’s behaviour; 

assessment of the probability of a particular behaviour; or making a prognostic statement about the 

patient [88].  

The use of risk assessment tools based on tick boxes which allows users to tick boxes of questions and 

required answers as a way of confirming and providing information on the individual patient, is 
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comparatively common in most mental health services in the UK. Some services use risk assessment 

tools based on risk scales which is aimed at scoring or classifying patients according to their risk of 

future self-harm or suicide based on the presence or absence of a specified set of characteristics.  

Examples of risk assessment tools using risk scales are SAD PERSONS, PATHOS, Beck hopelessness 

scale and the Columbia suicide severity rating scale (C-SSRS) which are usually used in conjunction 

with the main tool. These types of risk assessment tools are focused on prediction, however the 

categorisation of risks using the scales may have poor predictive value [40]. Furthermore, the 

predictive ability of risk scales in risk assessment tools have wide variations [189].  

The tools themselves varied in length and some were accompanied by supporting guidance [144]. The 

emphasis which has been on prediction using the predictive approach based on forensic psychiatry 

where the potential for committing a violent act is assessed [137], is gradually shifting to that of 

prevention with the emphasis on identifying and modifying factors that may reduce probability of such 

an occurrence [86]. This identifies the importance and role of risk formulation in the overall process 

of mental risk assessment and healthcare provision. Approaches to risk assessment have evolved from 

unstructured risk assessment and actuarial risk assessment to structured professional judgement (SPJ) 

which incorporates formulation and treatment planning, to the current focus on the formulation. This 

shift in focus of the risk formulation has been described as the “fourth era” of risk assessment [43].  

The issues in risk assessment and formulation are tied to the approaches and tools used. There are 

three main approaches with different advantages and disadvantages namely clinical, actuarial and 

structured professional judgement approaches. 

2.5.1 Clinical approach to risk assessment 

The clinical approach to risk assessment is the gathering of information from the patient and the 

evaluation of risk on the basis of the clinical expertise and judgement of the clinician. The approach 

lays importance on the clinician’s judgement in arriving at a decision which can be described as 

subjective and intuitive. The main criticism of the clinical approach is its informal, unstructured format 
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which makes it subjective and based on the impressions of the clinicians [80]. Furthermore, it’s high 

dependence on interviewing, observation and self-report makes it more susceptible to various sources 

of bias and error [113].  

The major weaknesses and criticisms of the unstructured clinical judgement include the lack of 

consistency or agreement across assessors with low inter-rater reliability; the difficulty of assessors to 

specify why or how they reach a decision that makes it difficult for others to question it. There is also 

little evidence of the accuracy of decisions made using this approach. The general agreement has also 

been that clinical risk predictions are only slightly above chance and the competence varies greatly 

between clinicians [121].  

A number of errors clinicians make during assessment using the clinical approach have been traced to 

the resulting inaccurate predictions. The issues of lack of specificity or unclear definition of what is 

being assessed, reliance on illusory correlations, ignoring and non-incorporation of situational or 

environmental information in the approach and ignoring statistical base rate information have been 

raised as challenges of the clinical approach [192]. These issues could be improved with the 

incorporation of research evidence into the assessment process and statistical information on valid 

predictive relationships integrated into clinical practice.  

The attempts to improve the clinical approach of risk assessment have warranted the introduction of 

a ‘second generation’ of theory and policy aimed at identifying a valid array of actuarial risk markers 

for risk assessment. The aim is to integrate statistical evidence into risk prediction which is referred to 

as the actuarial approach. The integration of statistical / research evidence into the process implies a 

shift of focus from the clinicians’ experience/ expertise and intuition to the reliance of statistical 

evidence but at the same time giving some place to clinicians’ judgement. The clinical implication is 

that clinical practices and clinical decisions in risk assessment should be based on clinicians’ 

experience, expertise, intuition and research evidence and statistical information. 
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2.5.2 Actuarial Approach in Risk Assessment 

Assessment of risk in the actuarial approach is founded on empirical population-based research 

highlighting various static and historical variables that are likely to predict the risk of a particular 

outcome. The approach enables decisions to be made based on statistical information according to 

fixed and explicit rules. The application of these rules is primarily to provide a structure or format 

lacking in the clinical approach and to overcome methodological and conceptual problems. The overall 

design of the actuarial approach is to make the process of risk assessment scientific in order to 

disengage clinicians as much as possible and to reduce their input or professional judgement to the 

minimum thereby improving its predictive accuracy [192]. The scientific based actuarial approach 

process involves the compilation of a checklist of a number of predictors or factors with allocation of 

scores to each factor.  

The summation of the scores of all the risk factors gives the ‘actuarial’ graduated probability measure 

which represents the amount of risk attributed to the individual. Furthermore, actuarial judgements 

are based on specific empirically proven assessment data which makes the actuarial approach more 

statistically superior than the clinical approach [115, 86]. The use of the actuarial approach of risk 

assessment have also demonstrated the shift in the focus on the concept of risk and clinical practice 

being shifted from assessing the inherent ‘quality’ of dangerousness to a focus on individual ‘actions’; 

namely violent behaviour [136, 81]. Grove and Meehl [80] meta-analysis of 136 studies showed that 

64 cases showed more accurate prediction for the actuarial method. Although actuarial risk 

assessment has more predictive capability it has some limitations such as focusing the assessment on 

a limited number of factors, thus ignoring potentially crucial case specific, idiosyncratic factors.  

The actuarial approach also has the propensity of focusing on relatively static factors that are 

immutable which encourages passive predictions. There is also the chance that actuarial approaches 

may exclude crucial logical risk factors because they have not been proven empirically [86]. The use 

of actuarial approach in risk assessment may also be improved leading to the prediction of a specific 
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outcome, over a specific time period in a specific population, producing non-optimal, even bizarre 

decisions when applied in different settings [78]. It has also been argued that disengaging clinicians 

from the clinical process is a limiting factor as that minimises the role of professional judgement which 

might be crucial in the decision-making process [86].  

Both clinical and actuarial approaches have definite advantages and disadvantages which has made 

the choice of which approach is most relevant to clinical practice a complex one requiring the 

consideration of combining both the clinical and actuarial approaches. The use of a combined 

approach provides an alternative approach aimed at exploiting the benefits of both the clinical 

approach and the actuarial approach while eliminating the drawbacks of the individual approaches. 

This alternative approach is designed to bridge the gap between the scientific (actuarial) approach 

and the clinical practice of risk assessment. It is referred to as the empirically validated, structured 

decision making [53] or structured clinical judgement [86]. 

2.5.3 Structured Clinical Judgement Approach 

Structured clinical judgement approach places emphasis on developing evidence-based guidelines or 

frameworks that promote systemization and consistency yet are flexible enough to account for case-

specific influences and the contexts in which assessments are conducted. Structured clinical 

judgement involves a broad assessment approach using well-defined published schema (structure) 

that is rooted in evidence that has been validated by research aimed at improving the clinical practice 

of risk assessment [20, 53].  

The approach therefore has the ability to promote transparency and accountability but at the same 

time encourages the use of professional discretion based on sound scientific knowledge, yet 

practically relevant [86, 53]. The approach is thus based on national guidance involving the use of 

clinical judgment that is guided by a standardised format, and taking into account actuarial risk factors. 

The approach combines actuarial and clinical risk factors in considering a number of factors relating 

to past history using an objective measure(s) integrated with the assessment of current presentation, 
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protective and contextual factors. One important factor of note about the approach is that it shifts 

the emphasis from one of prediction to risk management with much consideration on prevention and 

treatment issues while highlighting the conditions under which the risk will increase and decrease.  

This approach also recognizes the reality that the process of clinical risk assessment is a dynamic and 

continuous process that is mediated by changing conditions [57]. The focus is on developing a 

personalized account of the individual’s problems using a combination of functional analysis and 

model development through hypothesis testing. This represents a shift of focus away from simply 

identifying risk factors to thinking about how the key variables that are unique to the individual 

interact to cause them to act in a violent way. The key variables are categorised into five factors using 

the psychology of formulation to understand a problem and need of the patient. The five categories 

of factors are presenting problem factors, predisposing factors, precipitating factors, and protective 

factors [103]. The risk formulation should, therefore, inform management interventions that are 

developed into a risk management plan.  

The five-step Structured Professional Judgment framework [57, 61] shows a guideline of five set of 

activities of collection and analysis of relevant information. The first step is to build a case information 

of past history of Psychiatric, Forensic, Personal, Family, Mental state, Personality assessments, 

Current functioning & behaviour, Past and current substance use. The second step involves collection 

of information on Presence of Risk Factors and Past history of violence highlighting recency, Severity, 

Frequency, Pattern, Dispositional factors, Anger regulation problems, Stressful life events, etc. The 

third step collects information on presence of protective factors such as responding to treatment, 

compliance with treatment, good insight, etc, while the fourth step guides the risk formulation stage 

involving predisposing (Historical information), precipitating (current information), protective (Risk 

reducing factors or circumstances), and prolonging (Risk enhancing factors or circumstances). The fifth 

step involves formulating a management plan highlighting treatment plan, monitoring, supervision, 

crisis intervention, etc [57, 61].  
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Within the five-step model, developing a formulation of the information obtained from review of 

history, information from clients, and observation sources is regarded as a key step in the process, 

which follows on to inform care planning, treatment and management decisions in a logical sequence 

that enables the reasons for clinical decision making to be transparently observed. This mirrors 

approaches that conceptualize risk behaviours for treatment purposes [122, 149, 96]. An idiosyncratic 

and individualized risk formulation of this type promotes better understanding of the presenting 

problems and risks and provides a framework for subsequent interventions [163]. 

2.6 Risk Formulation 

Risk formulation, defined as an organization framework for producing a narrative explaining the 

underlying mechanism and proposed hypotheses regarding action to facilitating change, has become 

central to the process of risk assessment in recent years [88].  

Risk formulation can therefore be described as the preparation of an evidence-based explanation of a 

service user’s difficulties: their form, their origins, and their development and maintenance over time 

[107]. The process of formulation usually based on either one or many theories and practices, is aimed 

at generating an idiographic treatment plan that will provide an appropriate and unique response to 

the peculiar difficulties of the patient as presented that is both effective and proportionate [49]. The 

process weaves together the most important relevant strands of the harm potential of the patient 

into an explanation for why that potential exists. In combination with scenario planning, risk 

formulation process makes for the most potent driver of individualised and meaningful risk 

management plans. Risk formulation which is an important concept in mental health [190] is 

sometimes described as a process or a product of gathering and integrating diverse information to 

develop a concise account of the nature and etiology of the problems affecting a person’s mental 

health to guide idiographic treatment design and other decision-making.  
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Describing risk formulation as a process highlights the importance of the set of linked or interrelated 

activities involved in preparing or developing something in a precise, systematic manner. The 

arrangement of the set of activities in the process is to enhance the quality of the outcome or product 

of the process which could be in the form of linguistic or conceptual in nature, such as a statement, 

account, or explanation. This emphasises the need for the application of an appropriate clinical 

decision-making process that fully considers the complexities of risk assessment, the component 

features and the interrelationships of all factors. Furthermore, it also suggests that risk formulation 

must be precise, systematic and abstracted.  

Risk formulation described as a product also highlights the importance of the quality of the product 

and its ability to guide decision-making to have positive impact on quality mental health care. This 

emphasises the role of risk formulation in clinical decision making and the need to apply a clinical 

decision support system to ensure the quality of the outcome/product. It is also pertinent to note that 

the risk formulation product is a function of the clinical decision-making risk formulation process 

which can also be enhanced by a clinical decision support system.  

The emphasis on risk formulation is therefore of being precise and systematic which puts the focus on 

how best to collect and organize the most relevant information available about the problem to be 

prevented. The requirements for an effective risk formulation thus bring to light the need to identify 

key risk factors and the determination of an organisational framework. There are a number of 

organizational frameworks available to guide the process and shape the product [88]. Each 

organisational framework has different advantages and disadvantages or limitations and as such may 

not be useful in all situations. Most mental health service centres in the UK use two or more 

combinations of the framework to cover all the requirements of successful risk formulation. Risk 

formulation processes are an intrinsic part of mental health care but need to be consistent across 

mental health services [144].  
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It has also been argued that identifying the key features of the risk formulation and how a formulation 

is developed are the essential steps towards an effective managed risk with enhanced understanding 

of the patient’s risk potentials and clarity of objectives [124]. Skipping these critical steps, carrying 

them out too briefly or superficially or overdoing these steps is likely to limit the usefulness of the 

resultant product to the task of intervention [86, 190, 88]. Managing risk with focus, clarity of 

objectives, or confidence, and restrictive interventions may only be achieved through a better 

understanding of the individual patients. The process of formulation offers a means by which such an 

understanding may be acquired. Indeed, until there is such clarity about the task required, formulation 

may remain more science fiction than science fact [18].  

Risk formulation especially the process, has a number of functions [88]. First, it is a process intended 

to organize information in order to create a platform from which an understanding of risk potential 

may be generated. Second, it is intended as an opportunity to create an understanding that is agreed 

and communicated between the evaluator and the client. The process adopted by most organisational 

framework begins with the most relevant risk factors and arrange the information in accordance with 

the 5Ps model which consists of the problem (that is, risk of what?), predisposing (or vulnerability) 

factors, precipitating factors (or triggers to harm), perpetuating (or maintenance) factors, and 

protective factors [200]. 

Risk formulation is thus a structured approach involving a thorough process of information gathering, 

followed by an analysis of that information and development of hypotheses or ideas about what 

caused and maintained the problems. Through the process of the assessment, hypotheses are tested 

where possible to improve the accuracy of the formulation. 

2.7 Theoretical Base of Risk Formulation and Frameworks 

Risk formulation was first introduced in the clinical psychology domain as case formulation and has 

been described and interpreted in various terms based on different theoretical perspectives and 
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therapeutic models. Earlier definitions are mostly rooted in the cognitive behavioural theory (CBT) 

approach which emphasises that formulations are theory driven and require a hypothesis testing 

approach to enhance a good understanding of a patient’s problems and how to approach treatment. 

Division of Clinical Psychology (DCP) [150] also describes formulation as the summation and 

integration of knowledge that is retrieved through the assessment process, drawing on psychological 

theory and research.  

This highlights the importance of the risk assessment process as part of the overall risk formulation 

activity which relies heavily on reliable facts. Risk formulation is thus a core clinical skill that links 

assessment information and treatment planning and may be described as a hypothesis about the 

mechanisms that cause and maintain the problem. It can also be best understood as a tool that applies 

psychological theory in an effort to develop a number of hypotheses offering explanations of the 

development and maintenance of a client’s difficulties [150]. 

Formulation thus synthesizes a client’s presenting issues and experiences with theory and research to 

form a new understanding that is original and unique to the client [117]. It provides a framework based 

on theory and research to describe the nature of a client’s problem, how it developed and how it is 

maintained. This implies that the theoretical orientation of the risk formulation tool provides the 

framework the clinician will use to condense and synthesize multiple pieces of information into a 

coherent and well-developed narrative. This makes the theoretical orientation and how it is utilised 

to guide the risk formulation process of a paramount importance in risk formulation.  

Risk formulation seeks to derive meaning and understanding through the integration of empirical 

knowledge and the perspectives/experiences of the clinician and client. It is thus individual based 

making the collection of relevant accurate information on pressing issues and prevailing circumstances 

from the client of paramount importance, and the experiences and knowledge of the clinician very 

relevant to the success of risk formulation. It draws on the experiences that made an individual prone 
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to developing the difficulties, the events that prompted the onset of the problems and the factors that 

maintain the symptoms.  

Formulation process can therefore be seen as the foundation for understanding an individual’s 

difficulties through a collaborative empiricism between the client and the clinician [15, 66]. It also 

represents a bridge between the assessment and intervention based on the understanding of the 

issues it provides in such a way that it becomes a means of informing the best possible treatment plan 

for the individual.  

In another dimension, formulation can be regarded as a structured approach used as a framework to 

understanding the factors underlying distressing states of clients. The structured approach used as a 

framework in risk formulation is based on a theoretical orientation as defined by the biological, 

psychological, and social contexts of the client which describes the underlying factors. Cognitive 

behavioural theory-based formulation emphasises the importance and identification of factors that 

have influenced the origins, development, and maintenance of the client’s problems [117].  

The key task on beginning the process of formulation is organizing the most relevant available 

information about the problem to be managed in simple clear structure to provide relevant meaning. 

There are different organizational frameworks that can possibly be used to provide a structure to 

facilitate easy collection and assimilation of information [88].  

A popular organisational framework in risk formulation is the five Ps framework which describes five 

levels of factors, which help structure the formulation process [107] the framework allows information 

to be arranged in accordance with the 5Ps model [200] and thus provides a suitable guide to 

demonstrate the potential utility of case formulation [88]. The first level factor is the presenting or 

problem factor which focuses on getting to have an understanding of the problem in terms of the risk 

factor, risk of what.  
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This level provides an opportunity to have a description of the clients’ presenting problems, in terms 

of emotions, cognitions, and behaviours. It focusses on identifying difficulties the client is facing, how 

the client’s life is affected and when a particular difficulty should be targeted for intervention. It 

enables clarity about the answer to the question of what is the risk, the risk of what is the client in 

danger of.  

This has been described as the essential first step requiring specific answers to specific questions on 

present problems. This first step determines and guides other questions in the level and how other 

levels will go and how comprehensive the assessment will be. The second level factor in the framework 

is the Predisposing (or vulnerability) factors which focuses on the factors that increase the person’s 

vulnerability to their current problems or led to the problems starting. It enables the identification of 

possible contributing factors that may put the client at risk in terms of biological or genetic / 

vulnerability, environmental, psychological and personality.  

Efforts will be made at this level to identify the most relevant historical items, relevant clinical and risk 

management items. The third level which is Precipitating Factors level is focused on identifying the 

factors that may have triggered the clients’ problems. It provides the opportunity of identifying 

significant events preceding the onset of the episode / disorder / illness. The focus of the fourth level 

of investigation is the identification of perpetuating factors that maintain the problem. Perpetuating 

factors are regarded as the subset of predisposing factors that have to be worked around in a risk 

management plan. It highlights the characteristics of the individual client or the situation that may not 

easily or is not likely to change in the short- or even medium-term.  

Examples of perpetuating factors may include the client’s severe personality disorder or intellectual 

disability, both of which would be major considerations in the design of a risk management plan. The 

fifth level of investigation focuses on identifying protective factors which shows the positive assets 

and strengths the client demonstrates. It provides the opportunity to identify strengths or supports 

that may mitigate the impact of the disorder / illness such as social supports, skills, interests, and 



55 
I.I Agboola, PhD Thesis, Aston University 2022 
 

personal characteristics [64]. The 5Ps model has been described as an attractive and efficient way of 

organizing risk relevant information. It provides an empirical base which is used to examine risk factors 

in terms of their role as predisposing factors leading to precipitating, perpetuating and finally, 

protective factors.  

The inclusion and emphasis on protective factors is consistent with the recovery model which focuses 

on building safeguards and change [63]. This model has been applied in many risk formulation tools 

and approaches to enhance quality intervention programmes. A notable example is the Five-Step 

Structured Professional Judgment Framework [61, 59, 60] which provides a guideline of five set of 

activities of collection and analysis of relevant information. Another alternative to the 5Ps model is 

the 3Ds model which examines the Drivers, Destabilizers and Dis-inhibitors [88]. This organisational 

framework emphasises on identifying the driving factors of the clients’ actions, what the client is 

expected to achieve. This is in an attempt to understand the psychological needs of the client in order 

to establish an empirical base. The destabilizers are similar to precipitating factors in the 5Ps model 

which examines triggers and significant events preceding the problem. 

2.8 Best Practice Guidelines in Risk Formulation 

The concept of risk formulation within the field of clinical risk assessment and management has been 

acknowledged as an important part of mental health care [138]. Different policies and guidelines 

based on some principles have been formulated at different times to inform best practices in mental 

health care and assessment.  

The primary aim of the policies and guidelines is to help establish what could be regarded as the best 

practice for conducting risk management. A key clinical practice guideline defines formulation as a 

process in which the practitioner decides how the risk might become acute or triggered, it also 

identifies and describes predisposing, precipitating, perpetuating and protective factors, and also how 

these interact to produce risk which will lead to an individual risk management plan [152].  
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The guideline proposed some helpful structure for clinical risk formulations, particularly in terms of 

specifying what questions should be posed and answered, drawing attention to a context of 

“evidence-based practice,” which required the risk assessment endeavour to be approached in a 

“systematic fashion”. This places emphasis on the gathering of relevant information based on 

evidence-based practice and the importance of using an appropriate structure that is able to 

effectively collect information for assessment and to “make sense out of complex interactions 

between different factors” and assist clinicians in identifying “possible causal mechanisms”.  

Risk formulation therefore provides a crucial link between assessment and management and should 

be a practical solution to the task at hand [57]. Best Practice in Managing Risk [167] has thus been 

designed and prepared in the UK by the Department of Health within the National Health Risk 

Management Programme to serve as a guide to service providers in constructing policies and 

procedures relating to the management of risk.  

The framework particularly guides the conduct of risk assessment in three main areas of clinical risk 

violence (including antisocial and offending behaviour), self-harm/suicide, and self-neglect. The use of 

risk formulation has therefore been endorsed as a method of analysing, understanding, and 

communicating an individual’s risk. Formulation is seen as crucial in clinical practice, especially 

psychological therapies, for understanding individuals’ problems and behaviours, explaining factors 

that maintain problems, linking thoughts, feelings and behaviours, providing a framework for 

interventions, helping service users to understand their problems and helping them to develop ways 

of helping themselves [163, 19, 116].  

Psychological case formulations involve functional analysis of possible causal relationships [90], often 

using simple ABC analysis (i.e., antecedent–behaviour– consequence) or revisions to encompass the 

influence of cognitions on behaviour where ABCs represent antecedents, beliefs and consequences 

[39]. The recommended best practice guideline uses tools that adopt the structured clinical (or 
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professional) judgment approach [51] which combines the strengths of actuarial methods with clinical 

judgement [57].  

Clinical judgement in this approach will be based on an assessment of clearly defined static (historical) 

and dynamic (changeable) factors derived from research, clinical experience, and knowledge of the 

service user, and the service users’ own view of their experience [167].  

Enhancing the decision-making of mental-health professionals therefore may depend on using a risk 

assessment tool that is capable of incorporating crucial transient, dynamic, qualitative, and 

idiosyncratic cues to enable the formation of cue patterns and aid effective clinical judgement [184, 

85, 93, 128] [184, 85, 93, 128]. A common observed theme across the different approaches to 

formulation is the application of a systematic method to organize information and hypothesize about 

possible causal mechanisms underlying a problem. 

2.9 Risk Formulation Tools in Mental Health 

Some of the assessment / formulation tools focused on prediction include the HCR-20 clinical risk 

management tool which is a broad instrument with potential applicability to a variety of different 

settings [54]. It is focused on historical violence appraisal and takes into account individual/ client’s 

current mental, emotional and behavioural functioning but at the same time seeks to integrate 

information from different sources such as face to face interviews, observation, clinical notes, ward 

notes and psychological and neurological testing. The HCR-20 which is more popular in the forensic 

domain incorporates different ways of enhancing prediction accuracy which yields a summary risk 

statement allowing easy monitoring of current clinical status and the development of risk 

management strategies [125].  

Another popular risk assessment tool is the Risk Assessment, Management and Audit Systems 

(RAMAS) developed by psychologists; O’Rourke and Hammond [156] to incorporate ‘lessons learned’ 

from public inquiries with what works principles in public safety, risk management and clinical care. 
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RAMAS proposes a cumulative model of risk for mental health risk assessment and management while 

providing structured professional judgement and measures for risk to others, mental instability, self-

harm and vulnerability. It provides an objective and comprehensive approach aimed at giving 

professional judgement as possible. Its provision of the profile of an individual’s risk factor together 

with demographics, specific risk indicators and needs assessment makes it useful and effective for 

easy risk formulation and management. It is designed to be flexible in accommodating information 

from other sources and acknowledges that there may be highly individual-specific case sensitive 

situation or set of conditions that undermine the objective measurement of the risk assessment.  

The tool applies a risk indicator with scales scores indicating the position of the individual in which 

helps the assessor to make a clinical judgement of the best action for managing that individual. The 

tool supports both the content and process of risk need and responsivity assessment and management 

by providing the four main risk and communication protocols such as the Risk Identification, Crisis 

Alert, Risk and Care manager and the supervision review.  

Another common risk tool is GRiST; a web based clinical decision support system for risk formulation 

[27]. It is designed to encapsulate clinical and personal risk expertise of suicide, self-harm, harm to 

others, self-neglect and vulnerability in mental health. It is made to be universally accessible to people 

without specialist training to use by anyone. It is designed using cognitive computing models of 

structuring knowledge and reasoning which is applied to clinical decision making and mental health 

informatics. GRiST represents human knowledge and knowledge reasoning processes based on a 

universal model of classification used by everyone as it is easy to elicit and to understand when 

interacting with the end user. The classification model helps to organise how the knowledge of people 

and how they think and reason. The input data are generated from a hierarchy or tree of knowledge 

which helps to identify relevant serviceuser data. The tree relates data to risk concepts and top-level 

risks to provide the information profile for service user. Meanwhile output risks are explained by the 

tree of knowledge of which data is structured. 
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2.10 Evaluation of Risk Formulation Process 

There is a general consensus in mental health professions that formulation is a core competence and 

a critical aspect of daily practice. However, there is no common agreement on how the process of 

formulation, which is usually covert or implicit, should be carried out. Literature however agrees on 

the common features of formulation in mental health which include inferential, action-oriented, 

theory driven, individualised, narrative, diachronic, testable, and ampliative features [44, 164, 82, 

165]. These features describe the character of the formulation process and provide a basis for 

evaluation. 

The action-oriented feature of risk formulation process highlights the characterisation of risk 

formulation to assist the mental health professional to develop an overall understanding of a patient’s 

problems, prioritize treatment issues and problems, plan general treatment strategies and select 

specific interventions, anticipate the patient’s responses to strategies and interventions, evaluate 

treatment progress, and enhance the therapeutic relationship [44].  

The theory-driven feature of risk formulation suggests that the determination of which facts are 

noteworthy or identifying which explanations are legitimate requires some a priori guidance based on 

a theory. Formulation is therefore guided by or embedded in a particular theory of problem cause or 

solution. Each different theoretical approach predetermines which target behaviours, variables, and 

treatments are legitimate, as well what constitutes a valid explanation [164].  

The individualised feature of risk formulation also suggests that the process is not only driven by 

theory but also by each person’s detailed life history data. A formulation that is not individualized is 

merely a restatement of the nature, etiology, and solution of the problems experienced by the (non-

existent) average patient. The narrative feature of risk formulation suggests that formulation requires 

narrative cognition, as opposed to paradigmatic cognition [44]. Narrative cognition “configures the 

diverse elements of a particular action in a unified whole in which each element is connected to the 

central purpose of the action” [165].  
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Narrative cognition therefore is an inherently qualitative approach to understanding the world. It 

defies quantification and is especially suited to the analysis of human behaviour, being “uniquely 

suited for displaying human existence as situated action. The diachronic feature of risk formulation 

suggests that formulation spans time and is anchored in information about the past, the present, and 

possible futures, problems arise when it is synchronic.  

A set of evaluative criteria for judging the adequacy of formulations in mental health include external 

coherence, factual foundation, internal coherence, explanatory breadth, diachronicity, simplicity, 

reliability, generativity, accuracy and acceptability [157]. External coherence shows the degree to 

which a formulation is consistent with theory which implies that the formulation has a plot that is 

familiar or of a type that is commonly encountered. Factual foundation shows the extent to which a 

formulation is based on information about the case that is adequate in terms of quantity and quality.  

This implies that an abundance of information elements makes it easier to develop a good plot. 

Internal coherence shows the degree to which a formulation rests on propositions or makes 

assumptions that are compatible or non-contradictory. This implies that the formulation has a plot 

that is cogent and consistent. Explanatory breadth shows the degree to which a formulation accounts 

for critical evidence. It implies that the formulation has a plot that ties together as many information 

anchors as possible.  

Diachronicity is another evaluative measure of the extent to which the formulation ties together 

information about the past, present, and future of the case. Formulation process is also evaluated by 

examining its simplicity which considers the degree to which a formulation is free from unnecessary 

details, propositions, and assumptions. In a survey where clinical risk tools were assessed by 

Healthcare Quality Improvement Partnership (HQIP) [160], the opinion of most clinicians centred on 

the length of the risk assessment tool/process and the time taken to complete it.  

Other challenges with risk assessment tools include the difficulty in finding relevant information; 

Information may not always be accessible if updated incorrectly; Difficulty in the inputting of 
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information and tracking back, leading to details being lost; The use of tools may prevent staff from 

using experience and clinical judgement and provide false reassurance; tables and tick boxes are not 

always read by clinicians. The general conclusion is that risk assessment tools are only as effective as 

the individual carrying them out and can create a false sense of safety. 

2.11 Enhancing the Risk Assessment and Formulation Process 

Based on the identified challenges, some suggestions on enhancing risk formulation tools have been 

highlighted. The suggestions include improving consistency, making tools shorter, clearer and easier 

to complete. Making tools accessible to patients and carers, with explanations of specialist vocabulary; 

Removing scoring/rating systems; Providing sufficient training on the risk assessment process using 

case vignettes which are relevant to all staff; Promoting staff confidence through ongoing training and 

supervision on how to record information and manage identified risks; Staff training on understanding 

risk and not just tool completion. [160].  

The enhancements highlight the importance of usability issues in making the risk tools more useful 

and acceptable. However, the features of the risk tools and the evaluative criteria discussed above 

highlights the importance of making the risk tools more functional and focused on meeting users’ 

clinical requirements and clinical workflow practice. The need for a theory driven risk tool guided by 

the theoretical concepts is well appreciated in most tools like GRiST. The risk formulation process in 

GRiST is consistent with theory which guarantees its external coherence. The process in GRiST also 

ensures a good factual foundation with adequate information in terms of quantity and quality which 

makes it easier to develop a good plot. The organisation of the process in collecting factual information 

on the five Ps may however be improved to explore the interrelationships between the factors. An 

appropriate arrangement will ensure that the formulation ties together information about the past, 

present, and future of the case thereby guarantying the diachronicity evaluative criteria of GRiST. 
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2.12 Chapter Conclusion 

The examination of the state of mental health in the UK shows a high prevalence of mental health 

cases and the increasing rate of incomplete diagnoses due to the complexities in mental health 

diagnoses and lack of a good understanding of the risk assessment process and tools in use and the 

understanding of the experiences and the psychological and social context of patients’ inner worlds 

which most health care delivery systems have failed to do effectively.  

The delivery of quality mental healthcare provision is faced with the challenges of early detection of 

the risk factors of patients and the determination of evidence-based intervention programme. 

Identification of the possible risk factors requires the collection of information from multiple sources 

based on the psychological, environmental and social context of the patient. This also requires an 

effective framework to enable the easy and fast collection and organisation of relevant individual 

information for easy analysis and integration to determine and provide evidence-based intervention 

decisions for the patient.  

Different approaches can be adopted from the actuarial approach which is focused more on prediction 

of risk factors to the structured approach for the risk assessment and formulation process. Each of the 

approaches have different focuses and benefits and the chosen approach may determine the clinical 

decision-making process of the risk assessment and formulation which has a significant impact on the 

decision support given to the clinicians using the tool. Risk formulation is simply an organised 

framework for effective intervention decisions which rely on clinical decision-making process of the 

chosen tool. The next chapter examines clinical decision making in risk assessment, decision making 

process and the use of clinical decision support system in mental health risk assessment. The chapter 

will also examine clinical decision support systems, their designs, types, challenges and how they have 

improved the clinical decision-making process in risk formulation to have positive impact on 

intervention decisions. 
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Chapter 3 Clinical Decision Support Systems and Decision Making 

3.1 Chapter Introduction 

Chapter two provided a critical examination of mental health in the UK with highlights of its complex 

nature and challenges for effective risk assessment and formulation. The chapter also provided a 

critical examination of risk assessments and formulation in mental healthcare. It highlighted the need 

to collect information from multiple sources based on the psychological, environmental and social 

context of the patient in order to effectively identify possible risk factors. This requires an effective 

framework to enable the easy and fast collection and organisation of relevant individual information 

for easy analysis and integration to determine and provide evidence-based intervention decisions for 

the patient. The chapter thus established the need for an appropriate clinical decision-making tool for 

risk formulation to enhance the risk formulation process and a positive intervention decision.  

On the background of the need for an appropriate clinical decision-making tool for the risk formulation 

process, this chapter examines clinical decision support systems, their designs, types, challenges and 

how they have improved the clinical decision-making process in risk formulation to have positive 

impact on intervention decisions. The last section of the chapter examines clinical decision making in 

risk formulation and the clinical decision-making models appropriate for the risk formulation process. 

3.2 An Overview of Clinical Decision Support Systems 

The development of Decision Support Systems (DSS) aims to reduce the reliance on human experts by 

mimicking how a human handles problem situations in a particular domain [38]. An expert 

system/decision support system can be described as a computerized human expert comprising of; the 

expert knowledge of a particular area of expertise in the knowledge base, a memory and an inference 

engine that searches through the knowledge base in delivering the right advice, services or conclusion 

to the user [203].  
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Decision Support Systems (DSS) have been applied in different domain such as business domain, 

airline systems domain, financial services and health services domain with some degree of acceptance 

and importance. The health care sector in particular, has notably experienced the increased need and 

use of DSS in the provision of quality and safe health for the people [99, 199]. 

Intelligent expert medical systems are designed to support healthcare workers with tasks that rely on 

the effective acquisition and manipulation of expert data and knowledge. Most of the expert medical 

systems are presently applied in acute care settings, clinical laboratories, and incorporated into 

electronic medical record systems.  

These expert medical systems are known as Clinical Decision Support Systems (CDSS) containing 

medical knowledge in routine medical use such as diagnostic assistance, therapy critiquing and 

planning, image recognition and interpretation and risk assessment and management. An early CDSS 

developed to analyse chemical compounds was the DENDRAL expert system developed in the 1970s 

by Edward Feigenbaum.  

The expertise of chemists and their knowledge of chemicals and their compositions made up the 

knowledge base and the domain while the tasks included the determination of the structure of organic 

molecules in an instrument based on the interpretation of its mass spectrum. Another early medical 

expert system is the MYCIN system, which is regarded as the first medical expert system to provide 

diagnostic and medical advice about an infected patient. It is composed of an explanation subsystem 

that explains the reasoning of the system [50] and also capable of using both clinical data and 

judgemental decisions regarding infectious disease therapy.  

The development of the system in 1990s is based on the representation of the expert knowledge using 

production rules and statements – “if..then statement; ‘if’ is followed by a set of conditions and ‘then’ 

followed by the conclusion preceding the conditions that has been earlier stated [70]. MYCIN is a large 

project incorporating many rules making it essential for an appropriate representation rule to be used. 

The best methodology in representing the rules was however adopted being the use of production 
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rules. MYCIN as a rule-based system, helped in the efficient development of the knowledge base as 

the cluster of rules are minimal which kept it simple.  

The medical expert system MYCIN was focused on the severity of the infection to patients, the type 

of organism and its common features and helped to identify any drug that has the capabilities to kill 

microscopic living organism or hinder them from growing [24]. The system was also able to identify 

and evaluate the useful drugs that can be used for the patients, which can be narrowed down to the 

best drug that can be administered to the patients after the consideration of many factors. The 

developmental approach adopted a very detailed structured flow in the knowledge acquisition and 

representation in the development of the system, which can be extremely, time consuming but worth 

the while as MYCIN’s success was thorough.  

The inference engine uses the backward mechanism, inferring the knowledge base of the system. The 

backward chaining goes from the statement of the goal and then go through the inference rules in the 

system. The research problem was divided into different sections and it is noted that it helped in 

development of the system in making it very easy to approach or start in the user or developer’s view. 

Other web based CDSS such as the tuberculosis diagnostic system, use the forward chaining 

mechanism to navigate through various prompted questions relevant to the preclinical screening and 

finally arrive at a conclusion that defines the infectious or non-infectious status of tuberculosis [158]. 

The adoption of CDSS in medicine is widely accepted and has increasingly become a crucial component 

in the evaluation and improvement of patient treatment. This is attributed to its provision of expert 

knowledge and specific information to assist clinicians and patients with patient-related decision 

making. CDSS is therefore useful for both patients and clinicians to provide guidance or a reference 

relating to an appropriate context for an enhanced decisionmaking process. CDSS has a wide variety 

of uses in clinical practice including determining optimal treatment strategies for individual patients, 

aiding general health policies by estimating the clinical and economic outcomes of different treatment 

methods, and estimating treatment outcomes under circumstances where methods like randomized 
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trials are either impossible or infeasible. CDSS have thus be designed to minimize analytical errors and 

improve both patient outcomes and cost of care.  

Clinical decision support systems (CDSSs) play a pivotal role in improving patient care and enhancing 

practitioner performance [25]. Nevertheless, adaption of CDSSs in an actual healthcare workflow 

setup is challenging. Despite a long history of CDSS development, most of the systems evaluated in 

academia have not been realized in a real clinical practice environment. The concerns for a mismatch 

between the functionality of most CDSSs and their organisational requirements have led to the issue 

of CDDS not fit for purpose. Effective evaluation using a user-centred approach uncovers emergent 

concepts and themes that may be transformed into functional requirements for solutions capable of 

addressing unmet user needs.  

It has been noted that the impracticality of many clinical decision tools may be due to the failure of 

developers to deal adequately with the logistical, mechanical, and psychological aspects of system 

use. Research shows that a better understanding of these factors that impact on the success of CDSS, 

especially factors that are barriers to CDSS implementation such as poor usability or integration of the 

system into the workflow of the user, is very much required [1]. Any deficiencies in the completeness, 

timeliness, appropriateness of the knowledge base, and the quality or relevance of the evidence 

captured through the user interface, may affect the usefulness and effectiveness of the CDSS. The 

design and effectiveness of the CDSS is therefore based on its knowledge base made up of the expert 

knowledge of an expert in the chosen area of expertise.  

Most CDSS are designed as machine learning systems with the capacity to learn. This is useful in the 

development of the knowledge bases used by expert systems and the creation of medical knowledge, 

and in the development of pathophysiological models from experimental data. The CDSS systems are 

aimed at improved patient safety, improved quality of care, and improved efficiency in health care 

delivery. Department of Health [167] document on Best Practice in Managing Risk, ‘safety is at the 

centre of all good healthcare’ (p.3), an effective risk assessment and management is required. This is 
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due to the complex nature of health care, particularly mental health described as a state of well-being 

in which an individual is able to realise his or her own potential, cope with the normal stresses of life, 

work productively and fruitfully, and is able to make a contribution to her or his community.  

CDSS has been defined as software designed to be “a direct aid to clinical decision-making, in which 

the characteristics of an individual patient are matched to a computerized clinical knowledge base and 

patient-specific assessments or recommendations are then presented to the clinician or the patient 

for a decision”. It provides “clinicians, staff, patients and other individuals with knowledge and person-

specific information, intelligently filtered and presented at appropriate times, to enhance health and 

health care” [42]. This definition implies that CDSS has three key components namely Knowledge, 

Intelligent filters and presentation which must work together to provide the underlying evidence base 

of the system. This shows the importance of the knowledge base of the CDSS, the logic/inference 

system, and the user interface for user’s interaction with the system. Any deficiencies in the 

completeness, timeliness, appropriateness of the knowledge base, and the quality or relevance of the 

evidence captured through the user interface, may affect the usefulness and effectiveness of the 

CDSS. Therefore, CDSS is only as effective as the strength of the underlying knowledge/evidence base. 

The development of more effective CDSSs may be to generate more high-quality, useful, and 

actionable evidence that is up-to-date, easily accessible, and machine interpretable.  

Another major concern for the effective development and use of CDSS is the lack of positive 

acknowledgement and sufficient attention accorded to issues relating to human factors during 

product development. The concern has also been the partial neglect of socio-technical factors and 

their impact on the successful integration of CDSS into healthcare organisations and its successful 

adoption. The Socio-technical dimensions of designing, developing, and deploying CDSS play a 

significant role in the effectiveness of the system as the nature of human factors (ergonomics) has to 

do with the understanding of people and their interactions, as well as the relationships between these 
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interactions, and to improve those interactions in real life settings. Human performance therefore 

may influence the design and project specifications.  

The mounting complexity of care delivery systems and evidence of resulting risk to patients have 

necessitated the need to incorporate human factors considerations into assessments of medical 

systems. The need for human factors assessments to elucidate interaction problems to help in 

gathering changing user requirements for the evolution of existing systems have been stressed. This 

need also implies that the involvement of end-users in all stages of design, development and 

deployment will be of necessity.  

The need to develop the required knowledge base presentable in the format and language most 

appropriate for each intended type of user, and how the CDSS can generate flexible interfaces to the 

knowledge to fit with the different contexts of assessment have also become obvious in the effective 

development and use of CDSS [29]. The two most important issues in CDSS therefore may be 

knowledge representation and user interface which reflect changing requirements.  

There is therefore the need to develop new methods for tracking and collecting data about user 

preferences which may be useful in understanding changing user requirements. This may require the 

development of more interactive and more engaging data collection methods to both attract more 

respondents and keep them motivated during the response process. The development of a tool that 

is more interesting to use than traditional data collection methods that would improve response rates 

and the quality of responses using a visual tool based on the concept of a mind-map to make the 

portrayal of complex inter-linkages easier for the respondents seem necessary.  

Clinical Decision Support Systems (CDSSs) need to disseminate expertise in formats that suit different 

end users and with functionality tuned to the context of assessment [3]. This may require a 

methodology for eliciting, evolving, and delivering complex mental-health expertise using a 

psychological model of classification, a method for designing and implementing knowledge structures 

that facilitate the required flexibility and a fully-fledged knowledge engineering environment that can 
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manage both structure changes and subtle variations in knowledge parameters within an integrated 

system [3]. 

3.3 Clinical Decision Support System in Mental Health 

CDSS plays a major role in helping those suffering from mental health issues to manage themselves 

with the use of computer systems; serving as an intermediary between the user and the mental health 

medical practitioner. CDSS is an example of complex applications designed for the complexities of 

mental healthcare delivery systems. The ability of CDSS to handle the complexities of mental 

healthcare delivery systems determines its success and usefulness. The evaluation of CDSS in medicine 

and mental health in particular may depend on how it is able to meet requirements in different 

dimensions. The different dimensions include the correctness, reliability, and validity of the CDSS 

knowledge base; the congruence of system-driven processes with clinical roles and work routines in 

actual practice; and the return-on-investment of system implementation.  

The different views of CDSS in mental health show the different perspectives of evaluating CDSS. One 

view describes CDSS as an interactive decision support system (DSS) designed to assist physicians and 

other health professionals with decision making tasks, such as determining diagnosis of patient data 

[12]. This definition brings out the interactive nature of CDSS which is a critical success factor in its 

implementation. Clinical Decision Support Systems in mental health is said to be a system that links 

mental health observations with the knowledge of mental health acquired from the experts to 

influence health choices made by clinicians for improved mental health care [26]. This view shows the 

important role of observation, users’ responses/behaviour, experts’ knowledge and the input into the 

system, and how these may affect the outcomes.  

Others view the CDSS as the act of providing clinicians and other users with pertinent knowledge 

and/or person-specific information intelligently presented at appropriate times, to enhance mental 

health and mental health care for users [46]. The clinicians and other users include mental health 
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professionals, patients (also called service users) and other mental health care stakeholders including 

carers, family friends and relatives. This view focuses on knowledge acquisition, representation and 

making relevant, appropriate and timely up-to-date information available as when needed. It also 

highlights the importance of effectively capturing both experts’ and users’ responses which are 

necessary for an effective mental health care. 

These definitions and the views they represent, show the different perspective of mental health CDSS 

that need to be considered in making its implementation effective. The importance of CDSS therefore 

depends on its provision of decision support mechanism that enhances effective decision support 

based on current health knowledge and practices.  

There have been some developments of mental health CDSS such as the Computerized Texas 

Medication Algorithm Project (CompTMAP) [195] and SADDESQ [135], all designed to provide support 

in the diagnosis, treatment, follow up and preventive mental health care. An overview of some CDSS 

developed for mental health care is given below.  

The Computerized Texas Medication Algorithm Project implemented a decision support system used 

in the management of depression in real life called CompTMAP in 1999 [195]. This CDSS is for the early 

detection, treatment and management of depression in real world clinical settings in Texas. This 

project was brought about by a combined team of health care experts from Europe and United States 

to understand the challenge of implementing treatment guidelines for the management of depression 

and to identify strategies for improvement. The project’s objective was to establish integration 

guidelines into computers systems which will be incorporated into clinical workflow in the health care 

sector [195]. Although CDSS have been used in medical health care with good results and benefits to 

the users, its use in the management and treatment of psychiatric illness has been limited. The 

implementation of CompTMAP demonstrates the usefulness of CDSS in mental health care.  

Another CDSS for mental health is the system designed for the management of Attention Deficit 

Hyperactivity Disorder (ADHD). ADHD is a delicate brain disorder affecting older adults and children 
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[112]. An adult ADHD-patient is said to continuously have difficulties in organizing and getting things 

done which is currently underdiagnosed and undertreated in many European countries [112]. The 

ADHD CDSS was specifically designed to provide effective management and provide a new adult ADHD 

patient evaluation, diagnosis and treatment process. The complexity of the ADHD illness and the 

diagnosis process posed challenges to the effective use of the ADHD CDSS and hence an agile business 

process development approach was applied to develop a more effective CDSS which combines a 

workflow management tool with decision support system. The ADHD system enabled dialogue in the 

evaluation and diagnostic procedure which provided a platform for users to add some person specific 

information. The lack of regular update of the knowledge base of the system was a major challenge 

and the system was not comprehensive enough to contain all diagnosis tools for proper evaluation 

and treatment. 

A CDSS for diagnosing schizophrenia called SADDESQ system was developed by a group of mental 

health experts from Brazilian University for Brazilian University students to diagnose psychotic 

disorders. The process of development was carried out using a combination of methodologies. 

Interview technique was used for knowledge acquisition to explore the experts’ diagnostic decision-

making process in the diagnosis of schizophrenia [135]. A graph methodology was used to identify the 

elements involved in the reasoning process. While a method to identify the psychiatric problems 

among patients using multi model decision support system, back propagation neural networks, radial 

basis function neural network and support vector machine models were used to design the DSS. The 

development process also considered 44 factors for feature extraction collected from 400 patients 

divided into four sets of equal size. Experimental results show that their CDSS achieved 98.75% 

accuracy in identifying psychiatric problems [135].  

A major development of CDSS in mental health care is the Galatean Risk and Safety Technology, a 

clinical decision support system to aid mental-health clinicians assess and manage patients’ risks of 

suicide, self-harm, harm to others, vulnerability, and self-neglect [3]. GRiST represents clinical 
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expertise using a psychological model of classification; mental-health risk knowledge is a hierarchical 

structure elicited initially from interviews with 46 experts [30]. This consensual model of risk 

knowledge has evolved over the years as more clinicians engage with the research and development.  

The use of computers to support mental care has therefore been an ongoing concern for a long time 

since at least the 1950s [42]. The potential of computers to support information management within 

health organisations, and their potential to support health care itself as ‘intelligent agents’ are being 

appreciated [42]. CDSS and healthcare delivery have therefore been closely linked and worked 

together in different areas of medical practice. It is posited that the intrinsic complexity and diversity 

of care can be tackled with the flexibility, dynamics and reliability of CDSS [99]. 

3.4 Challenges of CDSS 

CDSS like many other software and information systems projects have had challenging issues that have 

made their implementation not totally successful. Although CDSS has evolved over the years with new 

features, many physicians still choose not to use them in the field of clinical decision support. The 

challenging issues mostly are related to machine adaptability (ability of the system to evolve 

automatically reflecting new medical knowledge while discarding outdated knowledge), human 

interaction factors.  

The ten “Grand Challenges” of clinical decision support [182] compiled by a group of medical school 

researchers highlighted ten main challenges faced by CDSS. The ten challenges grouped into three 

categories shows the problem areas to be examined, namely 1) need to improve the effectiveness of 

CDSS; 2) need to create new CDSS interventions; and 3) disseminating existing CDS knowledge and 

interventions [182]. This highlights the need for CDSS to act as successful intermediaries between the 

clinician and the patient, offering diagnostic and/or treatment suggestions that are clear and useful 

without being intrusive. This however may depend on the effectiveness of the human-computer 

interface of the system. The interface needs to be clear, intuitive and designed to allow clinical 
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workflow uninterrupted. The relatively poor human-computer interface of most CDSS has not enabled 

effective interaction with the users.  

The challenges of creating new CDSS interventions focus on the ability of CDSS to provide the most 

accurate and relevant information to the clinician, and to prioritizing clinical decision support content 

that would enhance interventions for improving patient safety, chronic disease management, 

preventive health interventions [182]. This category of challenging issues also concerned with the 

ability of CDSS to “learn” from large databases, new research results to expand the total knowledge 

base for better intervention. This shows the need to evolve knowledge base automatically.  

The impossibility of developing a consistently adequate database and functional set of 

rules/conditions with low accuracies in practical performance has also been described as a critical 

issue with the success of CDSS [68]. Shallow domain knowledge indicating a poor understanding of 

human physiology; a lack of robustness and flexibility; and inability for such systems to learn from 

their own experience have also been attributed to poor performance of CDSS [126].  

The third group of challenges of disseminating existing CDSS knowledge and interventions focuses on 

monitoring users’ behaviour and practices for changing requirements. This suggests the need to 

develop stronger methods for identifying and executing optimal CDSS practices. It is opined that a 

possible solution will be to establish a measurement system for identifying the strength and feasibility 

of decision support practices. This will enhance the production of new users’ requirement necessary 

for system update/development.  

This review shows that the successful implementation of CDSS will depend on its ability to provide a 

very rich content in terms of knowledge, references and data evidence. CDSS must also have the ability 

to powerfully and intelligently process huge amount of data with quick response times; and should be 

very sophisticated and intuitive to capture user’s attention and not impede the user’s action. The 

development of CDSS with these abilities requires an interactive CDSS with effective user interface 

design and a knowledge acquisition and representation mechanism that will capture changes to make 



74 
I.I Agboola, PhD Thesis, Aston University 2022 
 

relevant, appropriate and timely up-to-date information available. The evolving nature of CDSS and 

the need for continual refining, reflecting changes and constant improvements need to be addressed.  

Addressing these challenges for a successful development of CDSS bring to focus the importance of 

the interpersonal, cultural, and organizational aspects of the CDSS in practice. It also highlights the 

need to focus on the human dimension in understanding the user and in meeting his needs with a 

successful CDSS design by evolving knowledge base. It has been noted that the impracticality of many 

clinical decision tools may be due to the failure of developers to deal adequately with the logistical, 

mechanical, and psychological aspects of system use. Research shows that a better understanding of 

these factors that impact on the success of CDSS such as poor usability, incomplete decision making 

or integration of the system into the workflow of the user is required.  

Evaluation therefore is focused on capturing the expertise for the system, the actual process of using 

a system and the functionalities of the system. The captured information would be analysed and used 

to generate new users’ requirement or changes needed to improve features of the system prior to 

completion or update of the design of the system, or alternatively to assess the impact of fully 

implemented systems.  

In conclusion, to provide a successful decision support mechanism the CDSS system has to overcome 

the challenges by providing a very rich content in terms of knowledge, references and data evidence; 

it must have the ability to powerfully and intelligently process huge amount of data with quick 

response times; and should be very sophisticated and intuitive to capture user’s attention and not 

impede the user’s actions.  

These challenges reiterate the views of the different definitions of CDSS that highlight the different 

aspects of CDSS namely 1) the interactive nature of CDSS and users’ interactions /user interface 

designs; 2) the important role of observation, monitoring of users’ responses/behaviour and the input 

into the system; 3) knowledge acquisition, representation and making relevant, appropriate and 

timely up-to-date information available; and 4) the evolving nature of CDSS and the need for continual 
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refining, reflecting changes and constant improvements. The importance of these factors is examined 

in the next section. 

3.5 Clinical Decision Making 

A known hallmark of expert clinicians is the capability of sound clinical reasoning and clinical decision 

making [179] but 65% of adverse events that occur in hospitals are as a result of poor clinical decision-

making [22, 119]. 

Clinical decision making has therefore been described as a contextual, continuous, and evolving 

process. It is a process that includes clinical reasoning as part of the decision-making process in which 

information is collected and evaluated and then an action is taken or decision is made [102, 41, 46, 

155, 133]. The process may include antecedents such as considering information, gathering 

information, and weighing the risks and consequences [133].  

Clinical decision-making is a cognitive process concerned with problem recognition through the 

identification of cues and clinical features, data gathering, integration, analysis, evaluation and choice 

to produce an informed decision [41]. It can also be described as a complex process that involves 

observation, information processing, critical thinking and clinical judgement to select the best course 

of action in promoting and maintaining a patient’s health [188]. While Elstein and Schwarz [9] assert 

that clinical decision making involves a rational process of ‘hypothetico-deductive reasoning’ based 

on information processing.  

Clinical decision making can be described as a diagnostic paradigm that is formed of four stages 

designed to assist the clinician to identify and interpret cues in the construction and evaluation of a 

hypothesis described as the primary diagnosis. These four stages are:  

• Cue acquisition – primary data and sensory stimuli that steers the nurse towards a particular thought 

process through specific cues.  
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• Hypothesis generation – development of a provisional and differential diagnosis based on cues and 

baseline data.  

• Interpretation of cues – re-exploration and interpretation of cues to support or dismiss hypothesis 

with further data collection to aid interpretation.  

• Evaluation of hypothesis – the cues are then evaluated and applied to an overall hypothesis that 

directs the decision made and subsequent intervention/action taken 

Clinical decision making is a unique process that involves the interplay between knowledge of pre-

existing pathological conditions, explicit patient information, and experiential learning. Different 

decision-making tasks may also require different approaches according to the situation and task 

complexity [83]. 

3.6 Clinical Decision Making in Risk Formulation 

The challenge remains to provide patients with non-biased, evidence based clinical recommendations 

that take into consideration objective assessment of risk. Formulation has been noted to have its roots 

in the “application of psychological science to clinical problems” [194] and is pivotal in the historical 

development of clinical psychology practice [107]. It provides a framework that enables inferences to 

be made about the factors causing and maintaining problems, and to inform interventions [117].  

Risk formulation adopts a process of conceptualising the problems with the view of specifying 

necessary interventions by endeavouring to statistically model the decision rules that would enhance 

the accuracy of clinical judgements [192]. However, risk assessment has been described as an inexact 

science which questions the accuracy of the clinical judgement particularly when there appears to be 

little consistency or convention on how risks are classified and reported in practice [59].  

Risk formulation essentially involves the integration of potentially complex and often ambiguous 

information from inherently complex patients through the risk assessment process. The importance 

of getting the relevant up-to-date information and the use of statistically based methods of combining, 
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scaling, or otherwise actuarially integrating suicide risk factors into some sort of formula for judging 

level of risk, is very crucial in the clinical decision-making process [173].  

Maltsberger [131] notes that it is difficult to integrate the large mass of data collected during the 

assessment process, precisely and with empirical certainty which leaves the clinician to rely on clinical 

experience and inductive reasoning. Furthermore, Shea [178] argued that the clinical formulation of 

risk is based on a cognitive understanding of data gathered about risk, ideation, and protective factors 

and an intuitive process that takes into account such factors as the clinician’s familiarity with the 

patient and the patient’s character structure.  

Maltsberger [131] also highlighted the use of proper classification and suggested roughly grouping 

personal factors (p), exterior factors (e), and mental state factors (ms) to allow for the use of some 

form of formulars or algorithm where risk (R) will be a rough function of the sum of these:  

R = f(p + e + ms)/f(c)  

with c = character which is the disposition to react.  

However, Schiepek et al. [173], note that the use of some sort of formula for judging level of risk have 

been shown to have poor specificity [173], and therefore an alternative approach may be required. A 

new alternative approach is the use of a clinical decision support system which adopts unique models 

of clinical decision-making process and structured classification.  

Achieving a better understanding of clinical decision making has been enabled by the representation 

of the process in different theories and models with the aim of understanding the process, elements 

involved and how changes can be evolved to enhance effectiveness in decision making. 

3.7 Clinical Decision-Making Models 

Decision making has been approached variously in the fashion of a pyramid with the base formed by 

the concept of intuitive judgment which seems to be a quick and easy approach. This intuitive 
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approach however is open to inconsistency and distortion, difficult to articulate, and difficult to apply 

consciously or unconsciously [175]. The next level in the pyramid is the heuristic procedural approach 

of decision making which applies rules that are generic or specific to a situation, articulated and 

applied consciously. Heuristics facilitates reasoning which often results in more effective decision 

making while intuition is a judgment based upon individual experience which focuses on recognizing 

the processes at an unconscious level for rapid, subliminal judgment of visual and verbal cues [154].  

Another level of decision-making approach is the hypothesis generation approach which usually starts 

from a known starting point and working toward an unknown end point. This approach enables 

clinicians and decision makers to transform a seemingly unmanageable problem into a manageable 

one by generating a set of possible diagnoses and then testing their appropriateness in further data 

collection. Tools such as decision trees enable the isolation of a problem and the exploration of all 

possibilities [154]. There are many different decision-making theories that attempt to simplify clinical 

decision making with the aim of enhancing effective decisions. Hypothetico- deductive method, 

decision analysis theory, pattern matching and intuition models have been applied with distinctive 

concepts and terminology. The quality of the decision may be explained based on the different 

operational terms of the model of decision making. A decision tree based on an incorrect structure or 

wrong probabilities attached to choose points may lead to ineffective decisions. The correct 

hypotheses in a problem situation might not be generated if the correct initial patient cues are not 

formulated leading to faulty deduction of expected cues [154]. Using pattern matching may also result 

in cues being proposed that are connected to the wrong decision categories with the wrong weights.  

The hypothetico-deductive model [148] suggests that the first decision-making activity in the decision 

process is data gathering aimed at providing the initial cues which leads to the induction of hypotheses 

that explains the input data. The initial cues might be data on the patient’s age, weight, and various 

descriptors of feelings. These will lead to preliminary hypotheses of possible risks which will cause the 

deduction of further data by, for example, asking questions about previous history. The new data 
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provide evidence for or against the contrast hypotheses (differential diagnoses) and the cycle 

continues. 

The model also expresses the language of classification where hypotheses become classes with their 

descriptive attributes or features as the evidence. The absence of data without data acquisition of the 

first activity implies there will be no outcome classes. The key point of the model is that the initial data 

provides cues which stimulate recall of their associated categories which define a class of some set of 

members. Clinical literature acknowledges the linking of the groups of cues with diagnostic categories 

as pattern recognition which is same as in connecting evidence with hypotheses. Both are 

classification activities where cues bring to mind potential outcomes, termed hypotheses, categories 

or classes. The patient descriptors referred to as the pattern vector are related / linked with relevant 

signs and symptoms described as the feature vector and then the output categories showing the 

possible decision or intervention classes for the patient. 

The hypothetico-deductive model of clinical problem solving relates to the way the healthcare 

professional processes patient-relevant information [148]. This problem solving and analysis method 

is considered beneficial due to the linear approach and prescriptive manner in which clinicians address 

a given situation. The generation of hypothesis is considered rational and structured, and related to 

the directionality of interpretation [12]. The generation of a hypothesis through data acquisition and 

interpretation is defined as ‘forward reasoning’, an approach used by clinical experts in clinical 

decision making and diagnosis [21]. 

However, this mode of decision making is not totally reliable with doubts from a number of 

researchers about the ability of such a simplistic approach to assessment to facilitate safe, accurate 

diagnosis and subsequent treatment [12, 162]. The argument is that hypothetico deductive reasoning 

is dependent on the hypothesis generated which if inaccurate can lead to a misdiagnosis and an 

inaccurate result. 
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Another clinical decision-making model usually used in the clinical setting is the intuitive-Humanist 

model which focuses on intuition and the relationship between clinician’s experience, the knowledge 

gained from it and how it enriches the clinical decision-making process as the clinician progresses 

along the professional trajectory [16]. The model does not use hypothesis testing as a marker of 

accurate or inaccurate propositions and reasoning but rely on reasoning based on hunches instead of 

scientific reasoning [186]. The use of this approach to clinical decision making is usually tied to the 

experience and knowledge of the clinician. The model is thus defined as ‘the deliberate application of 

knowledge, or understanding that is gained immediately as a whole and that is independently distinct 

from the usual, linear and analytical reasoning process’ [170]. 

According to Rew, [170] intuition has also been defined as ‘a component of complex judgement, the 

act of deciding what to do in a perplexing, often ambiguous and uncertain situation. It is the act of 

synthesizing empirical, ethical, aesthetic and personal knowledge. Intuitive judgement is the decision 

to act on a sudden awareness of knowledge, that is related to previous experience, perceived as a 

whole and difficult to articulate’ [170]. Intuitive decision-making is neither subjective judgment nor 

purely empiricism, but closely linked with the decision-makers’ knowledge, experience, emotion, etc. 

The different theoretical interpretations of decision-making process show the need for a general 

framework to facilitate the description of clinical decisions which is able to relate the data and their 

interpretations. Classification as a model for clinical decision making has been suggested. The unifying 

framework is based on psychological classification, constructed by considering judgements and 

decisions as a classification task and capable of describing all types of clinical decision. It involves 

organizing categories and methods of assigning objects to them. A good example of the use of the 

classification model is the Galetan Risk and Safety Technology (GRiST) decision support system based 

on the Galatean model of classification, which matches service users’ information against ‘perfect’ 

membership of the risk category, which means maximum risk and not desirable risk. 
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Buckingham and Adams [31] suggest that the major clinical decision-making theories are so similar 

that they only differ in terminology and semantics. They argue that decision-making research would 

be much more efficient and communicable if the research community endorsed this approach rather 

than placing so much energy on distinguishing theories apart. 

3.8 Chapter Conclusion 

CDSS as a direct aid to the clinician is described as the smart use of computation and communication 

tools designed to support healthcare organizations and to meet the requirement of the complex 

health environment has improved healthcare. It is aimed at reducing the reliance on human experts 

by mimicking how a human handles problem situations in a particular domain. It therefor plays a vital 

a pivotal role in improving patient care.  

Nevertheless, adaption of CDSSs in an actual healthcare workflow setup is challenging. The concerns 

for a mismatch between the functionality of most CDSSs and the expectations of the clinicians have 

raised the issue of misfit which impact on the usefulness of the CDSS. The importance of clinical 

decision making and the clinical decision-making process or model adopted in risk formulation is 

emphasised. The different clinical decision-making models examined show the different benefits and 

applicability in risk formulation process. The best practice guidelines of risk assessment and 

formulation shows the preference for a structured clinical approach based on the Hypothetico-

deductive clinical decision-making model which requires the acquisition of appropriate cues for the 

generation of hypothesis. This highlights the need for an appropriate clinical decision-making tool for 

risk formulation to enhance the risk formulation process and positive intervention decisions. 

Overcoming these concerns require an evaluation of the clinical decision-making model of the CDSS 

and the users’ mental model.  

The next chapter examines the concepts of mental model and how it can be used to enhance the 

functionalities of the CDSS in mental risk assessment. 
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Chapter 4 Enhancing the Functionalities of Clinical Decision Support 

System using Mental Model 

4.1 Chapter Introduction 

Risk formulation in mental health is based on knowledge and cognitive process, and clinical decision-

making processes which are represented by mental models. The developments and use of mental 

models in the development and enhancement of risk formulation is of paramount important in this 

research. This chapter will examine the concept and theories of mental model, the characteristics and 

utilisation of mental model in psychology, human computer interaction and clinical decision support 

system. 

4.2 Mental Model: An Overview 

Mental models are regarded as important cornerstones for building knowledge and defining some of 

the cognitive processes that support change and learning. Examining and extracting the model 

provides a good platform for understanding the biases, beliefs, experiences, and values of individuals 

incorporated in the model that are constantly interacting with patterns of perception, thought, and 

action. Extracting the mental model of the CDSS enables the examination of deeply ingrained 

assumptions, generalizations, or even pictures or images that influence the understanding of the 

system and how actions and decisions are taken.  

The concept of mental model and the building of user’ mental model has been widely applied in 

human computer interface to enhance better user interface design. Early research in mental models 

describes the concept operationally as a psychological representation of some domain or situation 

which facilitates understanding, reasoning, and prediction [105]. This definition has been extended in 

cognitive psychology and educational and organizational researchers by recognizing the role that past 
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experiences play in human development, as well as the ways that mental models guide and regulate 

all human perception of the physical and social world [132, 77].  

Researches on mental models are however limited with focus on the wide varieties of the definition 

and characteristics of mental model such as the accuracy and completeness. Few studies have also 

been made on the impact of mental model on user’s navigational behaviour and interaction with 

system for a better understanding of user’s perception of the system [207]. Mental models of a 

dynamic system is defined as a relatively enduring and accessible, but limited, internal conceptual 

representation of an external system (historical, existing, or projected) whose structure is analogous 

to the perceived structure of that system. Research on the use of mental model is aimed at having a 

better understanding of the cognitive process of the user in the decision-making process and in the 

effective use of clinical decision support systems [14, 69, 2].  

The significance of mental models in the decision-making process is that they define the perception 

of the decision system and all of its elements. The effectiveness and suitability of any clinical decision-

making system designed to reduce errors in a clinical process due to cognitive limitations of humans 

may depend on its ability to enable the end-user have a clear understanding of the right path to 

navigate and the tasks to cover. There may be a need to provide guidance in a consistent manner that 

is coherent with the user’s mental model of the patient, processes, or the context of care and decision-

making. This is illustrated in figures 1 and 2 below: 
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4.3 Characteristics of Mental Models in Human Computer Interaction 

A mental model’s content is only a partial representation of the environment and its scope is limited. 

It is worth noting that incompleteness is not necessarily a shortcoming of mental models. Keeping the 

model to a manageable size grant mental model’s cognitive feasibility in people’s information 

processing, because human beings’ memories and processing capabilities are limited. Many studies 

provide empirical evidence for the incompleteness of mental models.  

Another characteristic feature of a model is that it is often naïve and not scientific and therefore, may 

not be consistent with the normative conceptual model of the system. Users of a system often 

speculate about the system’s underlying mechanisms as observed. Models based on these 
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speculations are assumed to be valid, even though the system’s behaviours are not generated by the 

speculated mechanisms. Furthermore, users may also establish causal relationships based on co-

occurrence of events, even though the co-occurrence might be random and for reasons that differ 

from the ones they believe [17].  

Mental models are also noted to have the feature of involving misconceptions or errors [208]. 

Research shows the development of mental models of users of the internet and web search engines 

with misconceptions and which also failed to include the main issues of the system [159, 141]. 

A mental model also need to rhyme with the ability to respond to environmental changes in order to 

allow users predict the status and feedback of an interactive system and plan the methods for novel 

tasks [34]. This a key distinguishing feature of mental models and other static knowledge structures, 

such as schemata and scripts [67].  

Mental models also do not have firm boundaries as users’ experiences in one system may influence 

their opinion and perception of another system. Therefore, users’ existing mental models of one 

domain may influence the construction of their mental models of another domain [148]. 

In summary, some of the characteristics of mental models are: 

• They are incomplete and constantly evolving.  

• They are usually not accurate representations of a phenomenon; they typically contain errors and 

contradictions.  

• They are parsimonious and provide simplified explanations of complex phenomena.  

• They often contain measures of uncertainty about their validity that allow them to used even if 

incorrect.  

• They can be represented by sets of condition-action rules. 
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4.4 Mental Model Theories 

The concept of mental model is based on the idea that the structure of a representation corresponds 

to the structure of what it represents. The perception of humans produces a vision of a mental model 

of what things are where in the scene in front of them. Their understanding of the world enhances 

the construction of a mental model which is a representation of the world based on the meaning of 

the description and on their knowledge.  

Mental model therefore has the power to influence individuals’ perception of the world, and the 

actions they subsequently choose to take based on those perceptions. This influence is based on the 

fact that the models are abstracted from everyday lived and vicarious experiences which form deeply 

held codes by which they decode and understand the world around them. However, the likely problem 

with these deeply held codes is that they are used untested which often lead to errors in reasoning, 

learning and problem solving thereby obstructing future growth and success.  

Mental model theories suggest that people make reasoning errors because they construct partial – 

and inaccurate – mental models. They predict that where people are required to consider false 

information, they are more prone to making errors than when they are only required to consider true 

information. Findings consistent with these theories have been demonstrated across a number of 

studies, particularly the work of Johnson-Laird [105].  

Johnson-Laird and colleagues [97] suggest that in order to solve reasoning problems, people construct 

mental models. However, as the complexity of the problem increases, people omit information from 

the models, neglecting to represent explicitly false information. While this keeps the problem within 

the limits of working memory, it inadvertently introduces errors into the reasoning process. The notion 

of a model is described as a representation of the content of a problem constructed in working 

memory for the purpose of applying problem solving skills to a particular content, namely the model 

of the logical possibilities implied by the premises of the logical problems.  
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Rouse and Morris [204] describe mental models as “the mechanisms whereby humans are able to 

generate descriptions of system purpose and form, explanations of system functioning and observed 

system states, and predictions of future system states.” (p. 351). It is a representation of the external 

world and the different concepts they represent and therefore may help in predicting users’ 

interactions which illustrates the importance of constructing mental models.  

In Chua Storey, and Chiang [204] study on how people interact with information systems, knowledge 

engineers were able to construct mental models of new knowledge through an iterative process of 

selective querying of acquired knowledge; the knowledge engineers then leverage their own 

knowledge with domain experts’ knowledge. Mental models were recognized as a dynamic construct 

in this study and were explored as a process involving constantly changing cognitive states and actions. 

However, this dynamic process was explored mainly at an abstract level with a focus on general 

cognitive activities, such as model building and testing. Few made attempts to connect the cognitive 

development to specific elements, features, or functions of the systems under review. The lack of 

connection between the abstract cognitive structures and concrete system functions might directly 

limit the potential of the research in informing system design.  

In another study which sets out to investigate how users’ mental models of MedlinePlus, an 

information-rich web space, develop and change during a search session in relation to the system’s 

elements, the author focuses on examining elements of users’ mental models rather than mental 

models as a whole [210].  

Proponents of propositional model theory depict decision makers as cognitively building on given 

parts of a construct to create a mental model. This mental model (or set of assumptions) is then used 

to deduce conclusions about the state of the world. Mental model theory thus is divided along the 

lines of deductive and inductive reasoning. Deductive reasoning involves deriving consequences from 

what is assumed. If the assumption is correct, then the consequence will be valid. Inductive reasoning 

is quite different. Inductive reasoning involves inferring a consequence based on multiple 
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instantiations of similar scenarios where those scenarios have led to that consequence. Induction is 

not guaranteed to be correct, no matter if all the previous scenarios are in fact truthful (e.g. one may 

conclude that all swans are white as they have only ever seen white swans, but this does not mean 

that black swans do not exist). In general, errors in reasoning occur two ways: 1) in deduction where 

the original assumptions are incorrect or (2) in induction where the consequence is in fact not 

generalizable. 

Johnson-Laird’s theories generally predict that errors are caused by the first error where the 

assumptions are wrong which lead to incorrect consequences in decision making. There is also the 

possibility that the consequence is not generalizable in decision making. This may occur when a 

decision maker incorrectly believes that one scenario is like another scenario leading to incorrectly 

assumed consequences. Logically, these types of errors would occur even if the mental model (of 

previous scenarios) is correct [105]. The relationship between inductive reasoning and mental models 

is further explored by Holland et al in their book Induction. They state that “despite their inherently 

transitory nature – indeed because of it – mental models are the major source of inductive change in 

long-term knowledge structures [as] model construction provides the opportunity for new ideas to 

arise by recombination and as a consequence of disconfirmation of model-based predictions.” 

Johnson-Laird and Byrne present a theory of conditional inference based upon the manipulation of 

mental models. It accounts for psychological data, principally focusing on the rate at which people 

draw the four basic inferences of modus ponens (MP), denial of the antecedent (DA), and affirmation 

of the consequent (AC) and modus tollens (MT). The mental model theory of conditional inference 

provides an interesting and potentially important contribution to our understanding of human 

reasoning [103]. However, the current formulation appears to be insufficiently specified with regard 

to the nature of the representations that subjects form and the precise mechanism by which 

inferences are drawn. This in turn leads to some uncertainty in the prediction of problem difficulty. 
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There are also a number of experimental findings in the literature on conditional reasoning which are 

either not considered or which are addressed in insufficient detail. 

Reasoning with conditional statements is the largest area of study in the psychology of deductive 

inference. Research looking more into the role of inductive versus deductive reasoning and the role in 

CDM could prove interesting while also providing support for or against relations between 

propositional models and mental models [103]. 

 

4.5 Mental Models in CDSS 

The construction of models which reflect the decision structure has been described as one major tool 

for dealing with decision making under uncertain conditions and to gain an understanding for better 

decisions because it allows decision experimentation with hypothetical consequences [139]. Models 

present reality which allows clinicians to understand and function in various situations. 

CDSS is basically characterised by the underlying decision-making process or model such as problem-

specific flowcharts encoded for computerized use, statistical models, mathematical techniques, 

decision trees, etc. A decision tree, together with literature-derived probabilities and defined outcome 

values, is used to model a given problem and help determine the best course of action [191].  

Decision analysis requires the construction of a decision tree, which illustrates all plausible 

relationships, alternatives and outcomes involved with a given decision. Associated with each step in 

the decision tree is a corresponding probability and outcome value. Incorporating both probabilities 

and outcome values, the decision-analysis model expresses its conclusion in terms of an average 

expected result. By using such a tree, a decision maker can accurately weigh and compare outcomes 

associated with a given decision, thus leading to a more informed clinical decision [191].  

Holland et. al [94] suggest that mental models are the basis for all reasoning processes: “models are 

best understood as assemblages of synchronic and diachronic rules organized into default hierarchies 
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and clustered into categories. The rules comprising the model, act in accord with the principle of 

limited parallelism, both competing and supporting one another.” (p. 343). 

4.6 Modelling a Clinical Decision Making 

Ahituv [4] proposed a simple information flow model in which the state of an object is observed to 

collect data about it, the data are interpreted to obtain information, the information is used to make 

a decision, and the decision is used to act to change the state of the object. The figure below shows a 

first, simplified instantiation of this model for healthcare domains. The decision “domain” is the 

patient. The patient’s temperature for example is measured (data), interpret the result as a fever 

(information), and decide whether treatment is needed (decision). A CDSS uses a formalized 

knowledge base to interpret the data.  

The CDSS can offer either a conclusion about the state of the patient (“what is true,” eg, a diagnosis) 

or an explicit recommendation (“what to do”). In much of the work on CDSSs, the advice is simply 

presented to the user with an implicit assumption that this is sufficient to prompt the recipient to act 

appropriately. However, it is noted from decades of psychology research that this assumption is naive. 

The fundamental function of a CDSS is to support the clinical decisions of the user. Consequently, 

interaction with the user is a fundamental part of the system’s design. In early CDSSs, this led to adding 

features such as an explanation of the reasoning behind the advice given by the system [4]. The model 

is represented in the figure 3 below: 
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4.7 Mental Models and the User 

A mental model is basically what the user believes about the system at hand based on previous 

experience which can be modified with time and new experiences or training. The model is what users 

know or think they know about the system and their future actions are thus based on how that model 

predicts the appropriate course. What users believe they know about the system therefore strongly 

impacts how they use it. This makes the understanding of what the user think they know about the 

system very important particularly to direct and guide their effective use of the system and to avoid a 

mismatch of models. 

A very important issue in systems’ use is the common gap between designers’ and users’ mental 

model. The users’ mental model may be different and more deficient which makes it more likely for 

users to make mistakes and find it difficult to use the system. A mismatch often occurs when users 

form erroneous mental model which affects the proper use of the system. This situation may be 

corrected by making the system conform to user’s mental model or by improving users’ mental model 

to more accurately reflect the system. Making the system conform to user’s mental model will require 

updating the system’s functionalities and processes to fill the gap and meet the need of the user. 

Improving users’ mental model can be achieved by training the user or clear user documentation. 

Mental models are regarded as a key concept in the development of instructions, documentation, 

tutorials, demos, and other forms of user assistance. 

Mental model theory suggests that individuals’ mental models encompass procedural knowledge of 

how the individual is to use a system to solve problems [77]. A mental model is therefore internal to 

each user’s brain, and different users might construct different mental models of the same system. 

This implies that there is a need to distinguish between the mental models of a system and knowledge 

about how to work with it.  

The failure of systems developers to deal adequately with the logistical, mechanical, and psychological 

aspects of system use may have contributed to the impracticability of most systems such as CDSS. The 
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result is usually poor usability and failure of integrating the practical clinical workflow into the system. 

This makes the development of user’s mental model a necessity in building an effective clinical 

decision-making system as user’s mental model which represents user’s cognitive process provides an 

evaluative view of the system from the user’s perspective. The mental model captures the cognitive 

thinking and behaviour of the user during the use of a system.  

These features of user mental model make it useful in providing an understanding of the features and 

functions of the system considered as critical and most useful by users. Zhang [207] suggests that 

user’s perceptions of a system are usually in four components namely system, content, information 

organization, and interface which may be exploited to make the system more effective and useful. 

These components will help in identifying important user-based system criteria to be considered in 

the evaluation and update of the system’s functionalities. 

4.8 Construction of Mental Models 

The construction of models which reflect the decision structure has been described as one major tool 

for dealing with decision making under uncertain conditions and to gain an understanding for better 

decisions because it allows decision experimentation with hypothetical consequences [139]. Models 

present reality which allows clinicians to understand and function in various situations. 

There are different methods of eliciting user’s mental model with no standard technique. Most of the 

techniques involve generalisations based on the assumption that users’ mental models are formed on 

comparisons to similar systems [187]. However, a user’s mental model and its details are created 

consequent upon the user’s interaction with the system no matter how brief. Users normally form a 

mental representation of the system during actual interaction with the system which makes the 

transaction log representing usage data very important and necessary for the construction of the 

user’s model. The transaction log could therefore provide much information relating to the mental 

model. Moreover, the system aspects of the model which form the basis of the users’ evaluative view 
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are formed on the aspects and features that facilitate the accomplishment of a task through 

interaction with the system.  

One of the main methods used for eliciting user’s mental models has been interviews where user 

participants are asked to answer a set of questions concerning a system [187, 205]. Another method 

that is widely used to elicit mental models is the identification of the type and/or strength of 

relationships between a set of concepts or the drawing of a concept map of a set of concepts.  

There are various specific tools to assess, extract, and alter the mental models of systems. The tools 

for examining mental models include cognitive mapping, mind mapping, relationship mapping, 

dynamic system generation, knowledge task analysis, drawing, concept listing, observation, repertory 

grid technique and the use of mental model deductive reasoning theory and each has a slightly 

different approach to uncovering individual and group assumptions and biases about the world.  

Task analysis is the interpretation of users’ common tasks and goals. It involves a listing of user tasks 

for the functionality layer. It is speculative but it is an easier way to deduct the user’s mental model. 

Its accuracy may however be low due to lack of user interaction with the system. Method of extracting, 

representing, and analysing mental models is the Carley and Palmquist [36] computer-driven method 

which views mental models as networks of concepts and the relationships between them. The method 

is based on four components of a system/model namely (a) concepts, (b) relationships, (c) statements, 

and (d) maps. The method focuses on capturing the set of concepts used in the system, identify the 

relationships between the concepts, statements are formulated involving two concepts and the 

relationship between them and a map is drawn showing the network formed from statements. 

 

4.9 Methods of Eliciting Mental Models 

The methods of eliciting mental model may depend on various factors and situations and for different 

purposes. Elicitation basically refers to the process of inquiry to encourage a person to externalize a 
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mental model. Externalising a mental model could be a vocal expression of the mental model 

conveyed during an interview situation, or by graphical drawings and images. 

Literature has also shown that mental models have been elicited in different forms for the purpose of 

understanding the basis for people’s actions [14]; to integrate different perspectives to improve the 

overall understanding of a given system [211]; to explore similarities and differences in stakeholders’ 

understanding to improve communication [2]; and to support decision-making and negotiation 

processes in contentious situations [62].  

A variety of mental model elicitation procedures have been used in different disciplines to suit 

different research contexts and purposes, including, for example, the study of system dynamics [58] 

human–computer interaction [43] and risk communication. A review of elicitation procedures used 

reveals that they differ in terms of two key dimensions: (1) a situated and non-situated dimension and 

(2) an oral and visual-based dimensions. These dimensions provide a starting point to begin exploring 

how different interview procedures might affect the mental models people express in an elicitation 

exercise. The difference between situated and non-situated procedures concerns the location in which 

the elicitation interview is conducted, which may affect the mental representations people form and 

use.  

Situated procedures involve eliciting a person’s mental model in a location corresponding to the 

phenomena to be elicited [2]. A “non-situated” procedure involves eliciting a person’s mental model 

in a location removed from the phenomena of interest. The majority of mental model elicitation 

procedures are conducted as a non-situated interview.  

In terms of the oral- and visual-based dimension, Carley and Palmquist [36] advocate the use of oral-

based procedures. They state that the symbolic or verbal structure extracted from a text, such as an 

interview transcript, can be considered a sample of the full symbolic representation of the individual’s 

cognitive structure. They believe that language provides a “window through which to view the 

individuals mind [36]. A common oral-based mental model elicitation technique is the oral interview 
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[140]. It is argued that linguistic structure alone cannot be taken as representative of an individual’s 

cognitive structure but should incorporate an imagistic approach to mental model elicitation [111].  

This argument of combining oral- and visual-based procedures is based on the theory that cognition 

is not only language based and that verbal and imagistic thought are carried out by two distinct, 

though partly connected, systems. It is noted that semantic organization in memory may differ from 

the organization of objects or concepts in memory. Therefore, creating a visual representation of one’s 

understanding can help the interviewee explore his or her own mental model through the process of 

“mapping” it [111]. 

 

4.9.1 Verbal Elicitation Methods 

Verbal elicitation methods are based on communication which is regarded as part of the thinking 

process. These methods therefore explore the cognitive thought process to help identify the linkages 

and relationships of concepts individuals create when communicating. Mental models are therefore 

extracted through verbal communication using interviews or case studies. Although these methods 

are easy and straightforward to use, the main criticism is that there can be misunderstanding between 

users’ intent and the interviewer’s interpretations [169]. This can however be addressed using a 

combination of two or more techniques, such as using both open and question–answer approaches 

which can help decrease incidences of interviewer distortion to the participant’s mental model [118]. 

Perceived interviewer’s distortion can also be avoided where feedback is sought from the user of the 

interpretation. Feedback received will clear all issues and confirm the mental model elicited by both 

parties. Feedback could be received and used to clarify all issues in two ways.  

Feedback can be received during the interview session as the interviewer asks follow-up questions to 

confirm perceived thoughts concerning the answer that was previously given. Answers to follow-up 

questions serve as feedback to clarify and confirm the thoughts and views of the user and thus can 

help to ratify the constructed model under investigation. The second way of receiving feedback is to 
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provide the report and findings of the research or the constructed model to the user for a review. The 

feedback of the review provides clarification on all issues raised and implicit approval of the findings 

or the constructed model. 

Other factors that may be affecting the successful use of interview technique can be categorised as 

external (situational, environment, etc) or internal factors (personal knowledge, memory issues or lack 

of comprehension, availability, time frame) [104]. 

4.9.2 The Case Study Method 

The case study approach to eliciting mental model explores the use of self-contained stories read by 

participants which is then analysed through open discussions. This discussion can be with either a 

principal investigator or other study participants. The analysis stage is when the participant begins to 

understand the content of the elicited mental model.  

The approach was implemented by Feeney and Handley [69]; the authors investigated the 

participants’ initial mental model representations for action and inaction, believing that people may 

sometimes construct multiple mental models of a phenomenon. Research participants were 

presented with one of three case studies. Participants were instructed to read the presented case 

study, and no time limits were given. Once the case was read, the participants answered a series of 

rating questions. Analysis of the responses is what leads to the elicitation of mental models.  

The approach is descriptive and interacting; participants are indulged with expressing themselves and 

as such leading to the disadvantage of not having enough time to fully express themselves. On the 

other hand, writing the case if one is not available for use can be time consuming. Ensuring the case 

studies are constructed in a way that explicitly simulates reality for the domain or situation it is meant 

for and constructively targeting the mental model to be elicited van be challenging. Some domains 

such as medicine do evolve over time and tends to be difficult to keep up with the updated case as 

the change can be unpredictable [110, 92, 166]. Similar to its use in medical settings, the multi-staged 
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nature of the method can enable mental health professionals as they may have numerous ways to 

capture risk formulation, judgement and management of a service user. 

Azzarello and Wood [11] argued that the value of this method for elicitation is that the numerous 

collection points enable multiple views of a person’s mental model, allowing for a more detailed 

collection. However, one potential issue with this method is that as the individual receives new 

information, different mental models may be activated. This may lead one to question if the original 

mental model of interest is actually being elicited and such may lead to complex mental models or 

unending models elicited. 

4.9.3 The Graphical Elicitation Method 

Graphical elicitation refers to the use of any manner of graphic or pictorial representation of an 

individual’s mental model. This category can be broken down into those methods that are author 

generated and those that are computer generated. In the most general sense, graphical elicitation 

methods are defined as graphic or pictorial notation, made for the purpose of representing a domain 

of knowledge, using patterns of interconnected concepts and arcs [75, 210]. The inter-connecting arcs 

indicate the conceptual links between the concepts as perceived by the user in their map. The 

argument in favour of this method is based on cognitive psychology theory and research which posits 

that the organization of an individual’s knowledge can affect the efficiency and effectiveness of 

subsequent recall and problem solving [174]. In addition, Fraser [74] argued the use of verbal forms 

of elicitation may be inferior to graphical methods because the former is intrinsically linear in focus 

and are unable to capture the complexity of the relationships between the expressed concepts and 

ideas. The methods in this category used by researchers include knowledge mapping, concept 

mapping, cognitive mapping, semantic map ping, semantic network mapping, cognitive structure 

mapping, knowledge structure mapping, and conceptual knowledge mapping [74, 75].  

Concept Mapping (CM) is an example of graphical elicitation method that makes use of diagrammatic 

representation of knowledge structures and perceptions in the form of interconnect concepts and 
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arcs [75, 74]. There has been a remarkable growth in the use of CMs throughout the world over the 

past decade. The most prevalent applications of concept mapping are facilitating meaningful learning 

and capturing and archiving expert knowledge in a form that would be easy to use by others. 

Furthermore, CMs have been known to be an effective tool to organize and navigate through large 

volumes of information. 

The automatic or semi-automatic creation of CMs from documents is called concept map mining 

(CMM) [199]. In a semi-automatic process, the system finds and suggests elements of a map, and a 

person manually has to finish the map using the provided information. In the automatic construction 

process, the user’s assistance is not required, and the process creates the map automatically from 

available resources.  

In a semi-automatic process, the system finds and suggests elements of a map, and a person manually 

has to finish the map using the provided information. In the automatic construction process, the user’s 

assistance is not required, and the process creates the map automatically from available resources. 

From the Concept Mapping Modelling (CMM) point of view, a document can be formalized as a set 

D = {Cd, Rd}  

where  

Cd= {cd0,cd1, ..., cdn−1} is a set of all concepts, and  

Rd= {rd0,rd1, ..., rdn−1} is a set of all relationships that can be extracted from the document.  

Three general phases of the CMM process are depicted in the figure below: 
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4.9.4 Hybrid Elicitation Method 

This method of elicitation involves the use of combination methods; usually the verbal and graphical 

techniques. A hybrid approach to mental model elicitation has the potential to offer techniques that 

more closely resemble what clinicians actually use in an organizational context.  

The use of pictures to illustrate the mental model of users has also been helpful in eliciting 

participants’ mental model. The pictures are developed, and the participants can then describe the 

pictures in form of symbols. This method is a combination of graphical and verbal elicitation methods 

called Photo ethnography. Arcidiacono and Procentese [8] utilized photo ethnography for their study 

of Neapolitans’ sense of community in their historic town. Fifteen residents of Naples were 

purposefully sampled and asked to take pictures of phenomena that represented their mental model 
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of community which were meaningful to them with regard to their personal history and to the life of 

the district.  

The method may facilitate the elicitation of both explicit and tacit knowledge that makes up the 

mental model. An individual may take a picture of an instructed phenomenon because something 

about the subject in the photo reached some tacit level of his or her understanding of the 

phenomenon. It is then the probes during the interview that enable the tacit element to be unearthed 

and expressed.  

Alternatively, though, this approach can be overwhelming in the sense that many unrelated pictures 

may be collected and may cause participants not to understand what is expected of them and may 

not be able to make a sense out of the images or pictures gotten [142].  

Pask and Scott [161] implemented the teach back method for eliciting mental models where 

participants are expected to teach imaginary colleague, user or other participant their perspective or 

understanding of a system and especially how to solve a problem. The question format for this type 

of method includes “What”, “How”. The responded to the questions can be in the form of written 

documentations, diagrams, sketched or any other graphical representation that is chosen or suits the 

scenario.  

The method tends to pose benefit as participants carefully understand the steps needed to teach the 

imaginary colleague. The orderly progression in turn can help to elicit deep mental models [161]. A 

limitation of this method is that it may not encourage participants to express themselves in the 

entirely of how they want to due to time and schedule constraint [197]. Another major disadvantage 

of this method is that only knowledgeable users are expected to give the description. Mental models 

elicited are only restricted to the knowledgeable participants about the particular system [161].  
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Overall, for hybrid approaches to be successful, more studies must be undertaken regarding its 

conceptual framework, designs, procedures, and the rationale for use. A combination of two or more 

elicitation methods may be the best way to overcome the shortcomings of each method [118]. 

 

4.10 Eliciting Users’ Mental Model of GRiST Using Logged Users 

Interactions 

The process of eliciting users’ mental model of GRiST will be carried out based on the standard 

processes as outlined in previous researches described in the last section. The process in this study 

will use logged users’ interactions with GRiST in place of interview transcripts and diagrams/images.  

The use of the transaction log of users’ interactions will present a valid and rich set of data from mental 

health professionals that is void of any shortcomings associated with the data collected using the 

interview eliciting method.  

Concept analysis would be carried out to identify the number of concepts expressed in the 

interactions, identify the number of functional linkages, i.e., causal relationships, expressed, and to 

determine the density of the mental model or the ratio of functional links to concepts.  

The use of concept mapping will help generate a comprehensive conceptual hierarchy used by experts 

in risk assessments and help to identify data directly corresponding to tangible patient cues as 

expressed by users’ interactions. The proposed method; conceptualising users interactions 

contributes to existing literature in two ways. Firstly, it helps in formalizing cognitive processes for 

mental model elicitation through building the foundation of system’s users’ interactions. These 

processes by the professionals are logged in the server end. This approach tends to overcome the 

verbal mental model elicitation method by ensuring users are in their “comfort zone”; there is no rush 

as well as time management is never going to be a problem. It also proposes therefore a sequential 
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cognitive process through several steps that pay particular attention to how to translate the 

knowledge of individuals into formal maps and how to make the emergent properties appear. 

The proposed method is structured into four phases: 

• The data mining stage is cleaning and understanding the user interactions data set.  

• Based on the data retrieved from the server end, the concept mapping is implemented to extract 

users’ mental models. The result are them compared to get definite map.  

• Statistical method is used to evaluate the mental models by analysing assessments; extracting 

frequent patterns.  

• The output of the modelling and analysis are compared with GRiST ontology to identify gaps 

between users’ mental model about GRiST and the system’s model. The result of the comparison gives 

the foundation of the research output. 

 

4.11 Conclusion 

Mental models are regarded as important cornerstones for building knowledge-based systems and 

defining the cognitive processes of the system that also support change and learning. It provides a 

good platform for understanding the biases, beliefs, experiences, and values of individuals 

incorporated in a system. It enables the examination of deeply ingrained assumptions, generalizations, 

or even pictures or images that influence the understanding of the system and how actions and 

decisions are taken.  

The mental model of a CDSS can therefore be captured as a product to be disassembled, and 

reconfigured, added to, subtracted from and returned with value added [57]. This can be achieved 

because mental models are able to communicate system design parameters to help designers produce 

more usable and enjoyable computer systems and to facilitate user training. Mental models thus help 
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people learn a new system and further use the system in a more productive way as it enables the end-

user have a clear understanding of the right path to navigate and the tasks to cover.  

Mental models do not only help users learn to use a new system, but also help users who have had 

experience with a system understand the system at a more abstract level and use the system in a 

more efficient manner. Mental models can also inform the design of new system mechanisms or 

functions.  

Using mental model to design new system mechanisms or functionalities however depend on the 

construction of and understanding of users’ mental model to understand the users’ perspective. The 

process of creating and maintaining an up-to-date user model by a system is known as user modelling 

which allows a system to be adaptive to users’ current status in knowledge or preferences so as to 

create a friendlier computing environment for the user. The user’s mental model of a system is a rich 

and elaborate structure, reflecting the user’s understanding of what the system contains how it works, 

and why it works that way. It can be conceived as knowledge about the system sufficient to permit 

the user to mentally try out actions before choosing one to execute. 

The significance of mental models in the decision-making process is that they define the perception 

of the decision system and all of its elements. Risk formulation in mental health is based on knowledge 

and cognitive process, and clinical decision-making processes which are represented by mental 

models. The developments and use of mental models in the development and enhancement of risk 

formulation is of paramount importance in this research. The next chapter discusses the Galatean Risk 

and Safety Technology. 
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Chapter 5 The Galatean Risk and Safety Technology 

5.1 Introduction 

Previous chapters in this research have established the need for an examination of the clinical 

decision-making tool adopted for risk formulation. This is with the view of determining how the clinical 

decision model of the adopted CDSS meets the requirements of the standard best practice guideline 

on risk assessment/formulation. It will also identify how the CDSS supports and facilitates decision 

making in risk formulation and how it meets the workflow requirements of the clinicians. The clinical 

decision-making tool that will be used as a case study for the research is the Galatean Risk and Safety 

Technology [79], a web based clinical decision support system.  

This chapter will present an examination of GRiST to review its conceptual model, its theoretical base 

and the clinical decision-making processing to provide a platform for an understanding of the structure 

of the functionalities of GRiST and an understanding of how GRiST supports the risk formulation 

process and guides the user the process. The Galatean Classification model adopted by GRiST will be 

examined with a review of its underlying theories and how it supports clinical decision making. The 

chapter will also examine the ontology of GRiST to review the nodes, attributes, data types, and the 

XML knowledge tree and these supports risk formulation. The chapter will review the kind of 

interactions undertaken with GRiST and the static and dynamic relationships between GRiST’s 

functionalities with a high-level description of how the system is organized and operates.  

The review of GRiST will help in understanding the conceptual processes of the system; how data are 

collected as well as the understanding of the question tree. The question tree will enhance the 

motivation behind clinicians answering questions for pattern extraction 
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5.2 Overview and Rationale for GRiST 

Galatean Risk Screening Technology available at (http://www.eGRiST.org) [79], is one of three 

recommended multiple risk tools by the department of Health, UK as an attempt to comply with best 

practice [51]. GRiST is a web-based decision support system for risk assessment that links mental 

health expertise to a database of patient cues for mathematical analysis, thus integrating structured 

clinical judgement with empirical evidence. The design is aimed at ensuring that its structure and 

content accurately reflected how mental health experts conceptualize risk assessment [25, 26, 27, 28, 

30]. The concerns thus include the understanding and identification of what information clinicians 

collect in order to carry out risk assessment; how and where this required information is recorded; 

how the collected information is used to formulate risk management plans; and how the dynamic 

nature of risk is captured, recorded and acted upon. 

GRiST entails collecting relevant static and dynamic risk information from clinicians; this information 

is collected and recorded in the system’s database. These processes are evaluated in this chapter to 

understand how the underlying ontology of the system works. These components of GRiST are 

essential to its relevance in clinical practices and its effectiveness in enhancing quality risk formulation. 

Achieving this aim and design of GRiST require a capture of clinical practices and an encapsulation of 

risk expertise on suicide, self-harm, harm to others, self-neglect, and vulnerability, making it 

universally accessible to people without training, accessible across all practitioner disciplines and 

across clinical services. GRiST also represents human knowledge and knowledge reasoning processes 

based on a classification model that makes it easy to elicit expertise, and easier to understand and 

validate. Knowledge representation in GRiST may be described as an intuitive format such as it is 

generally done by clinicians.  

Different data gathering interface with more dynamic features to allow for the exploration of risks and 

risk factors in any order, and a more controlled entrance to risk exploration that is less overwhelming 
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and clear navigation with the use of different colour scheme. This also aid interactive understanding 

of risk exploration especially with animated features.  

The focus of GRiST is thus to provide a platform where information on risk factors could possibly be 

collected in the easiest, fastest, and simplest manner to be organised and integrated to provide an 

information profile to support rather than replace clinicians’ risk judgements [28, 31]. 

5.3 Process of Collecting Information in GRiST 

GRiST design is to make it a systematic, structured and holistic tool for gathering risk related 

information both the static and dynamic information. Dynamic risk factors are those relating to the 

current status of the patient and can easily change, such as emotions, social circumstances and plans. 

They contrast with the more static and historic factors, such as dates of first risk episodes or traumatic 

life events [27]. The information collection system of GRiST is thus designed to aid quick and easy 

collection of information with a system organized in layers, starting with a short series of screening 

questions that, if answered affirmatively, point to areas requiring further, more detailed investigation. 

This provides a platform where only the needed questions are asked and answered. 

It is designed with lots of filter questions with the aim of making navigation quicker. A yes answer to 

a question determines the next set of the filter questions. The Rapid Screening questions are the first 

set of filters, with subsidiary screening questions comprising the second layer of GRiST [27, 28].  

The screening questions begin with those for specific risks (e.g., suicide or self-harm) followed by 

questions for gathering generic risk information that may be relevant to more than one risk, e.g., about 

patients’ social context, physical health, personality, current behaviours. The integration of these 

generic questions is where GRiST provides a more holistic profile than tools focussing predominantly 

on risk specific behaviours. The generic questions include protective factors such as supportive 

relationships, belief systems, motivation, etc. and show how changing circumstances can impact on 

risk, which means GRiST can play a part in monitoring recovery as well as at initial assessment. The 
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specific risks questions and the generic risk questions are based on the 5Ps model framework which 

guides the process of collecting relevant information on the risk behaviour of the individual [29, 30]. 

The specific risk questions focus on the first P which is the Problem (that is, risk of what?). These first 

set of questions ae very important and key to the success of the process. The key task on beginning 

the formulation process is organizing the most relevant information available about the problem to 

be prevented. Getting a good understanding of the problem based on the answers given to the first 

set of screening questions determines the quality of the risk formulation and intervention programme. 

Furthermore, clarity about the range of answers to the problem factors will be a guide as to how 

comprehensive risk management will be. Answers to these first set of questions provides the risks that 

are to form the main focus of the risk assessment and formulation [27].  

Following on the successful identification of the specific problem risk factor (the first P), generic 

questions to collect information on predisposing (or vulnerability) factors, precipitating factors (or 

triggers to harm), perpetuating (or maintenance) factors, and protective factors will be displayed in 

structured and interactive format. Predisposing factors’ questions which describe the most relevant 

historical factors that make the individual vulnerable to the identified risk factor will be displayed next. 

The set of questions to identify historical factors such as previous suicide attempts and bullying at 

school are branded as gold padlocks questions in GRiST [28.29].  

The next set of questions were designed to describe and collect precipitating factors or triggers that 

would provide an understanding of those short-term variables or acute difficulties or problems that 

trigger a change in the identified risk. Questions asked on the precipitating factors focuses on issues 

such as suicidal ideation, recent detrimental change to relationships, and cases of high anxiety. 

Questions relating to the perpetuating (or maintenance) factors include substance misuse, impulsive 

behaviour, a show of no regret over suicide attempts, and chronic pain. Perpetuating factors are the 

subset of predisposing factors that need to be worked around in a risk management plan. These 
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factors show the characteristics of the individual or his or her situation that will not change in the 

short- or even medium-term, or change easily [3].  

The last set of questions were designed to identify protective factors which describes the strengths or 

attributes the individual usually draws on to help them to manage risk factors, which can sometimes 

fail them. This set of protective questions is also described as silver padlocks. The use of the 5Ps 

framework in GRiST is to help organise risk information and provide a structure for integrating and 

formulating intervention plan.  

The descriptions of the different sets as gold and silver padlocks indicate their potential impact on 

escalating the identified risk. The gold padlock factors have a high potential of risk escalation. 

Furthermore, the framework allows relevant risk factors to be considered in terms of their role as 

predisposing factors meaning that subsequent considerations, about precipitating (trigger), 

perpetuating (maintenance) and protective factors, emerge from this empirical base [88].  

The hierarchical structure of GRiST provides top-down access to the patient data or cues by a series 

of ‘filter questions’ that determine whether or not a particular branch of the tree, and thus its 

associated leaf node cues, are relevant for that patient [28]. For example, there is a high-level filter 

question asking whether the patient has made any past suicide attempts. If not, this part of the tree 

is immediately closed off with no further exploration. If, however clinicians say yes, then further 

questions open up. Clinicians carry out the assessment in this top-down fashion and at the end they 

are asked to provide their overall risk judgement for the patient in the form of a score ranging from 0 

(no risk) to 10 (maximum risk).  

GRiST requires clinicians to provide patient risk evaluations for all the risks covered. It also has space 

for recording additional, qualitative, information about the risks as well as to devise an appropriate 

action plan. The use of this structured tool thus provided a good opportunity to study how and what 

risk information was collected, updated and used to formulate risk management plans. Furthermore, 

the dynamic design of the GRiST interface allows users to enter information dynamically with freedom 
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to choose which information to enter first and to go backward or forward as the case maybe. There is 

therefore the possibility of missing out on some information deliberately or by omission. 

The argument for the design of the information collection process of GRiST which requires clinicians 

to complete the rapid screening questions is that it provides the opportunity to consider all areas 

which mental health experts consider relevant for assessing risk without necessarily having to collect 

all the detailed data [28]. The flexible interfaces enabled by web-based technologies also allows the 

clinicians to flag up areas requiring further investigation along the selected and required care pathway 

in order to allow the collection of the right level of detail that is appropriate to the particular point in 

the care pathway [29]. It is pertinent to note that the key to clinical risk judgements is an individual 

patient’s qualitative and idiosyncratic cues [93].  

Therefore, risk assessments could be improved by the systematic incorporation of the full range of 

cues considered by clinicians. There is however no agreement on what the full range of cues should 

be and how they should be combined [192]. 

 

5.3.1 The GRiST Hierarchical Task Analysis 

GRiST is based on the principle that modern risk assessment should be structured, evidence based and 

as consistent as possible across settings and across service providers. It is organised in easy to navigate 

layers: 

• Personal Details  

• Rapid Screening Questions  

• Additional Questions Specific to Particular Risks  

• Risk Judgements  

• Additional Questions Relevant to More Than One Risk. 
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The layers are designed for easy navigation and to collect the required information ranging from 

emergency situations, when the rapid screening questions may be all that is required, to more stable 

situations when there is time to conduct a more thorough risk assessment. The GRiST system guides 

the user through the process of navigating the form, to ensure that only the relevant information is 

collected for a particular service user. (Where the answer to a filter question is ‘no’ or ‘don’t know 

(DK), further questions about an area will not appear) [25, 3, 30]. 

A decision is made based on the completion of a series of steps/procedures or sets of activities. The 

series of activities/procedures are put together as the hierarchical task analysis which can serve as the 

clinical knowledge model for the domain application. GRiST allows expert users to browse the website 

after logging in to carry out assessment or other tasks with existing or new patients. The expert is able 

to preview the service user’s report and view judgement report, risk formulation report and also the 

safety plan. Each activity or task has a hierarchy of structured sub-activities which are followed 

systematically to arrive at a decision point. Each task or sub-task represents some form of knowledge 

and also represents a source of data collection [26, 27, 28]. The hierarchical task analysis for GRiST is 

presented in mind map as illustrated in figure 5. 
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5.4 GRiST Ontology Data Structures 

The risk information underpinning GRiST is represented by a number of related hierarchies or trees. 

They each have a particular role, either in the knowledge engineering process when the expertise was 

elicited or during risk assessments using the GRiST DSS [28]. Part of the rationale for GRiST ontology 

is to formalise the relationships between these trees and facilitate consistency checking. The trees are 

described below. 

5.4.1 The Structure Tree (ST) 

ST defines the structuring of risk knowledge by experts, including the low-level risk data or cues that 

are collected during assessments and their associated questions. It also contains information about 

how the GRiST DSS will generate membership grades that represent the degree to which a person is a 

member of the various risk categories. This information is contained by a list of paired values and MGs 
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(the value-mgs) that defines the specific MG generated by a patient cue when it matches the 

associated leaf node. The objects of the Galatean model of classification show uncertainty in terms of 

fuzzy sets or set memberships. The idea behind the ST is to provide a single definition of each concept’s 

structure (e.g., depression) and mark all the different places where the concept might be located 

throughout the risk tree without having to repeat the structure information (similarly to the idea of 

normalised databases). XML attributes are used to specify information about how knowledge is 

distributed in the tree, such as the “generic” attribute that allows the tree to specify the location of a 

repeating concept and points to the path where the full structure information is defined [27]. 

 

5.4.2 The Relative Influence Tree (RIT) 

RIT holds information on the relative influences (RIs) of a node, which are essentially weightings for 

how much influence child nodes have on their parent MG relative to the sibling nodes. RIs range 

between 0 and 1 and are contained in the RIT rather than the ST because some generic (repeating) 

nodes have different RIs in different locations. Hence their structure has to be repeated in full in these 

locations so that the variant RIs can be specified [27]. 

 

5.4.3 The Client Assessment Tree (CAT) 

CAT is the one that represents the complete classification information about a client. It thus requires 

all nodes to be fully expanded wherever they occur and is used to drive the graphical interface for the 

Data Gathering Tool (DGT) that collects information during risk evaluations [27]. 

5.4.4 The Question Tree (QT) 

QT is generated from the structure tree and has all the information needed to display questions, 

obtain the associated client answers, and generate the membership grades for the answers. It is used 
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by the DGT as an efficient means of accessing the information it requires without having to navigate 

the much larger ST. 

5.4.5 The Answer Tree (AT) 

AT holds the information about a client that is collected during an assessment and is dynamically 

created as the assessment progresses.  

This brief discussion of the various GRiST trees shows how their roles support both the knowledge 

engineering and risk-assessment processes: that is, the development and maintenance of the GRiST 

expertise as well as how the knowledge is used within the online DSS. Clearly there needs to be 

consistency of information across the trees, which is one of the rationales for developing ontology. All 

the trees are related to each other and any updating of information must be propagated throughout 

them to maintain their integrity. The ST has information that can create the RIT structure and the RIT 

has additional information about the RIs [29, 30].  

The CAT is the fully expanded tree and the QT and AT are used to support the DSS assessment process. 

For example, there is a high-level filter question asking whether the patient has made any past suicide 

attempts. If not, this part of the tree is immediately closed off with no further exploration. If, however 

clinicians say yes, then further questions open up. Clinicians carry out the assessment in this top-down 

fashion and at the end they are asked to provide their overall risk judgement for the patient in the 

form of a score ranging from 0 (no risk) to 10 (maximum risk) [25, 3]. In this way, the hierarchic tree 

structure drives clinical data collection and provides a systematic approach to how clinicians answer 

GRiST questions.  

The process of collecting service users’ information is therefore considered an important stage of the 

risk assessment and formulation process. The next stage which is equally important is the organisation 

and use of the collected information based on some rules of classification / categorisation to 

determine potential risk levels. The next section examines the use of the Galatean model of 
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classification, which matches service users’ information against ‘perfect’ membership of the risk 

category to identify maximum risk and not desirable risk. 

5.5 Classification in Clinical Decision Making 

Risk assessment like all other clinical decision-making activity can best be regarded as a classification 

activity. It requires assigning a person based on features and similarities to a relevant category such 

as suicide or self-harm with a degree of certainty. Classification represents uncertainty in terms of set 

membership and facilitates elicitation of accurate measures of uncertainty. If one considers the 

outcome categories as sets and the objects being classified as potential members, the likelihood that 

an object is in any one set is given by the degree of membership. This amount is called the membership 

grade (MG) [29] which, like probabilities, may vary from 1, representing certainty that an object is in 

a set, to 0, representing certainty that it is not a member. 

GRiST uses this classification approach and represents the integrated risk-assessment knowledge of 

different clinicians within a single classification model. The “Galatean” model which is argued to 

encapsulate people’s classification behaviour and facilitate elicitation of accurate measures of 

uncertainty is used in GRiST. It is a psychological classification, constructed by considering judgements 

and decisions as a classification task. It involves organizing categories and methods of assigning objects 

to them [31, 25, 26, 27, 28, 3, 29, 30].  

The galatea’s generic form is a hierarchical tree structure that identifies the patient data for collection 

during assessments as well as how experts organise the data when making risk assessments. Galateas 

also contain the values that determine the degree of membership of a patient in the overall risk class 

(e.g., suicide and harm to others). Because membership grades are associated with all parts of the 

galatean hierarchy, risk can be decomposed into its constituent elements at any level. 
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5.6 GRiST Galatean Classification Model 

GRiST uses the Galatean classification model based on the prototype theory where abstract member 

represent a class. The model uses a hypothetical ‘perfect’ member for its prototypical representation 

instead of using the mean as the central tendency to define the proto type. The Galatean model is 

named after the mythical Pygmalion’s perfect woman and thus ensures that its perfect member which 

is termed the galatea is the one whose constituent cues’ values yield the highest possible probability 

of membership.  

The galatean model represents uncertainty in terms of set membership. If the outcome categories are 

to be considered as sets and the items being classified as potential members, the likelihood that an 

item is in any one set is given by the degree of membership. This amount is called the membership 

grade [209] which, like probabilities, may vary from 1, representing certainty that an object will be in 

a set, to 0, representing certainty that it will not be a member [27, 28].  

Prior to any classification, the MG will already have been set up with a category Galatea (e.g., suicide) 

instantiated with component galatean cues (e.g., number of past suicide attempts, history of 

depression etc). When a patient is presented to the MG for classification, each patient attribute 

(patient cue) is matched with the corresponding galatean cue. The galatean cue maintains a profile of 

cue values and corresponding membership grades.  

The formal underpinning of the model is to classify the real-world ideas or concepts into their 

appropriate categories which provides support for different decision support systems for making 

correct decisions. Most of the time, people recognise, differentiate and predict the things, concepts 

and ideas on the basis of their categorisation and classification, which lies at the heart of decision 

support system. The Galatean model of classification provides a unifying framework within which to 

conceptualise decision making processes as classification behaviour. The Galatean model of 

classification is necessary for facilitating the classification and decision making of different concepts.  
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The Galatean model offers a novel theory and its classification theory is a process through which the 

concepts are classified in their related categories. Classification divides the set of entities in 

hierarchical form. An abstract root node is a core component of domain knowledge hierarchal 

structure as that root node has some individual concepts. The individual concepts break down into 

some essential concepts through a successive top-down iteration process. The leaf or datum nodes 

are the final concept of the hierarchy.  

The use of the Galatean model of classification in GRiST decision support system therefore allows the 

matching of service users’ information against ‘perfect’ membership of the risk category to identify 

maximum risk and not desirable risk. It enables easy organizing of categories and methods of assigning 

objects to them. It also enables data to be captured directly from human experts to create its 

knowledge domains. Its classification process which enables the classification of things or objects into 

their natural categories identifies with the generic form of decision making and thus facilitates the 

making of decisions and predictions. Based on the classification process, the model can easily help to 

provide advice on which class to choose. The classification theory of the model provides a process 

through which the identified concepts and the sets of entities are divided in hierarchical form. An 

abstract root node is a core component of domain knowledge hierarchal structure as that root node 

has some individual concepts. The individual concepts break down into some essential concepts 

through a successive top-down iteration process. The leaf or datum nodes are the final concept of the 

hierarchy.  

Each decision class is represented by a single classification model and it is represented by an XML 

structure termed the Classification Assessment Tree (CAT). CAT alone is sufficient to manage complete 

knowledge of the knowledge domains having one category or class for making decision for exactly one 

population. The user’s provided data trigger the classification process and the first uncertain variable 

(i.e., membership grade) of the model is initialised in the leaf nodes of the CAT knowledge hierarchy. 
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A category is automatically predicted that has a high degree of membership grade. When the model 

is expanded to many risks many of the concepts are duplicated across all of them [27, 29].  

The GRiST ontology is expressed in the web ontology language OWL which provides the ability to 

declare classes within a hierarchy; declare properties that either have a set of data values or a union 

of OWL classes as the range; declare individuals of the classes, together with the values of their 

properties; and use metadata and annotation properties to give information about the ontology. The 

Galatean model of classification allows users to classify the real-world ideas or concepts into their 

appropriate categories. The effectiveness of a decision support system lies in the ability of the system 

to allow users recognise, differentiate and predict the things, concepts and ideas on the basis of their 

categorisation and classification.  

The GRiST and the CDM model using this Galatean model of classification provide this essential 

platform. The different nodes or components of the data variables modelled in the GRiST structure 

and the relationships between them are represented by a hierarchical tree structure and uncertainty 

is processed using fuzzy-set membership grades (MGs). In the GRiST knowledge structure (GKS), there 

are two main types of nodes (variables), namely concept nodes and datum nodes. Datum nodes are 

leaf nodes in the tree and thus do not have children. They represent measurable input data such as a 

person’s insight into behaviour. Concept nodes are made up of two or more component nodes, which 

could be datum nodes or other concept nodes. The individual concepts break down into some 

essential concepts through a successive top-down iteration process. 

5.7 The GRiST Ontology and Risk Formulation 

GRiST ontology is a structured tree (ST) available in XML file format. On the top label, we have the 

mental health risk node. This is then divided into five main areas of mental- health risk. These are 

suicide, self-harm, harm to others, self-neglect, and vulnerability. A schematic representation of the 

ST is presented in the following figure: 
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Figure 6: Schematic Representation of the GRiST Structure Tree Below the root node, there are five 

top-level root risks (coloured white) and one pseudo-risk (coloured grey) to store repeating nodes. 

Rectangular nodes are datums, with attached clouds indicating question attributes [5]. 

Each top-level node is subdivided into its constituent’s child nodes. The last nodes in the tree are the 

individual datum or leaf nodes. Each datum node represents a piece of information that can be 

collected by clinicians. There is a question attached to the leaf node via an additional question 

attribute.  
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The risk section of GRiST is categorized into suicide, self-harm, harm to others, self-neglect and 

vulnerability. The experts tend to concentrate more on this section of risk assessment for the risk 

judgement to formulate risks.  

Risk formulation in GRiST is carried out by organising the overall picture of a person’s risks into a 

format that makes it easier to see how they need to be addressed. In essence, it sits between the risk 

assessment and the management plan by distinguishing symptoms from causes and identifying the 

timescale of addressing issues: some must be immediately tackled to reduce the risks now and others 

are longer term, for reducing risks on a more permanent basis [27, 28, 29]. The overall process of risk 

assessment is illustrated below: 

 

 

Information is collated across all the structure present in the GRiST ontology which exposes the 

probability of potential risk formulation outcomes explaining the elements of the risk factor that may 
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be managed from those that cannot. The risk judgement link in GRiST does the risk formulation. The 

purpose of the risk formulation is to connect the symptoms of risks, their causes, and the timescales 

of managing them. The risk formulation should make it easier to ensure the management plan tackles 

the most urgent immediate problems as well as the longer-term reasons for those problems. 

5.8 Evaluation of Risk Formulation 

There is a general consensus in mental health professions that formulation is a core competence and 

a critical aspect of daily practice [31]. However, there is no common agreement on how the process 

of formulation which is usually covert or implicit, should be carried out. Literature however agrees on 

the common features of formulation in mental health which include inferential, action oriented, 

theory driven, individualised, narrative, diachronic, testable, and ampliative features [73, 28].  

These features describe the character of the formulation process and provide a basis for evaluation. 

The inferential feature of the formulation process implies that risk formulation process goes beyond 

mere description, statement of facts, or classification to make predictions but provide an explanation 

or justification for those predictions. It is argued that formulation in mental health is best 

conceptualized as a form of abductive inference [73]. This characterization highlights two important 

aspects of abduction: First, the best explanation is only one of many possible explanations of a given 

set of observations; and, second, it may be superior to others, yet may not be completely, ultimately, 

or fundamentally correct.  

The action-oriented feature of risk formulation process highlights the characterisation of risk 

formulation to assist the mental health professional to develop an overall understanding of a patient’s 

problems, prioritize treatment issues and problems, plan general treatment strategies and select 

specific interventions, anticipate the patient’s responses to strategies and interventions, evaluate 

treatment progress, and enhance the therapeutic relationship. The theory-driven feature of risk 
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formulation suggests that the determination of which facts are noteworthy or identifying which 

explanations are legitimate requires some a priori guidance based on a theory [73].  

Formulation is therefore guided by or embedded in a particular theory of problem cause or solution. 

Each different theoretical approach predetermines which target behaviours, variables, and 

treatments are legitimate, as well what constitutes a valid explanation. The individualised feature of 

risk formulation also suggests that the process is not only driven by theory but also by each person’s 

detailed life history data. A formulation that is not individualized is merely a restatement of the nature 

and solution of the problems experienced by the average patient [60].  

Formulation process is also evaluated by examining its simplicity which considers the degree to which 

a formulation is free from unnecessary details, propositions, and assumptions. In a survey where 

clinical risk tools were assessed [155, 60], the opinion of most clinicians centred on the length of the 

risk assessment tool/process and the time taken to complete it. Other challenges with risk assessment 

tools include the difficulty in finding relevant information; Information may not always be accessible 

if updated incorrectly; Difficulty in inputting information and tracking back, leading to details being 

lost; The use of tools may prevent staff from using experience and clinical judgement and provide false 

reassurance; tables and tick boxes are not always read by clinicians.  

The general conclusion is that risk assessment tools are only as effective as the individual carrying 

them out and can create a false sense of safety. 

5.9 Evaluation of GRiST Assessment and Data Collection Interface 
 

GRiST has been accepted and recommended by the department of Health, UK as a multiple risk tool 

to provide a platform where information on risk factors could possibly be collected in the easiest, 

fastest, and simplest manner, based on best practices [28, 31, 51]. GRiST therefore provides a safe, 

whole health and social care system approach to risk assessment and its management. Achieving this 

aim thus depends on the effectiveness of the platform in how it collects and organise relevant 
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information. This brings to question the efficiency of the design of the data gathering interface of 

GRiST and its ability to provide dynamic features that would allow the exploration of risks and risk 

factors in orderly manner [28, 31]. 

The data collection interface is therefore structured to reflect how mental health experts 

conceptualize risk assessment [25, 26, 27, 28, 30].  GRiST thus provides a holistic approach to patients’ 

situation as it enables the collection of both risk-specific information and also generic information 

about patients’ life contexts. This is made to inform risk formulation and management decisions, as 

well as clinical risk judgments. 

The process of collecting relevant information in Grist therefore need to comply with evidence-based 

practice and be systematic, structured and holistic. It is thus designed to aid quick and easy collection 

of information with a system organized in layers, starting with a short series of screening questions 

that, if answered affirmatively, point to areas requiring further, more detailed investigation.  

Thus, the answers to screening questions need to be accurate as it can determine the success of the 

risk assessment process. However, research shows evidence for the reliability of clinical judgements 

recorded in GRiST. Mathematical analysis of the GRiST database shows that GRiST can predict the 

suicide risk judgement a clinician would make for the given assessment within plus or minus one on 

an 11-point scale with an accuracy of 85%. This further shows that the reliability of the prediction of 

the suicide risk judgement depends on the assessment information given [79]. 

Furthermore, the correlation between judgements and predictions is testimony to the reliability of 

clinicians’ judgements which implies that GRiST collects the right data for supporting clinician’s risk 

judgements. GRiST therefore helps clinicians identify the right data to collect, record them accurately, 

and provide the associated judgements thus providing an effective support for structured clinical 

judgement [79]. 
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GRiST identifies the data required for determining the reliability of current intention and can ensure 

that assessments collect this minimum data set. Statistical records of the use of GRiST shows that 

32,580 patients did not have the minimum data set and 1,289 suicide attempts were missed in them. 

It also shows that only 1,849 people of the 3,138 who made a new suicide attempt had enough data 

in their assessment to evaluate their current intention. GRiST data analysis showed that 1,231 (67%) 

of them had an unreliable current intention [79]. GRiST would have flagged up two thirds of these as 

requiring a bit more attention due to the unreliability of their negative current intention [79]. 

This shows that the key to successful clinical risk judgements is an accurate identification and 

description of the individual patient’s qualitative and idiosyncratic cues presented by the clinicians 

[93]. Therefore, risk assessments could be improved by the systematic incorporation of the full range 

of cues considered by clinicians [192]. The dynamic interface design of GRiST allows clinicians to enter 

information dynamically with freedom to choose which information to enter first and to go backward 

or forward depending on the clinician’s preferred best practice. This however increases the possibility 

of missing out on some information deliberately or by omission. 

The argument for the design is that it provides the opportunity to consider all areas which mental 

health experts consider relevant for assessing risk without necessarily having to collect all the detailed 

data [28]. 

GRiST provides assessments covering the complete care pathway, from screening to full assessments, 

focused repeat assessments, and specialist versions for forensic services and learning disabilities. 

GRiST has been adopted by a number of secondary and community mental-health Trusts, and charities 

with over 160,000 patients and about 380,000 completed assessments as at 2018. The database 

contains over 1.5 million individual risk judgements which forms the knowledge base of GRiST. This 

knowledge base is regularly updated to inform evidence-based practice. GRiST is therefore an ongoing 

research project that is continually being updated and improved [79]. 
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This research on GRiST’s assessment and collection of essential information is therefore necessary to 

assist in the ongoing research update on GRiST. 

 

5.10 Chapter Conclusion 

The chapter concludes that key to clinical risk judgements is an individual patient’s qualitative and 

idiosyncratic cues [93] that should be collected in a systematic and structured method. The chapter 

highlights the importance of a structured and systematic approach to mental health risk assessment 

which helps integrate information across the patient care pathway. GRiST provides a vehicle with the 

potential to improve risk assessment practice across the care pathway, by helping clinicians and 

patients collect and share appropriate information more easily and at a level commensurate with the 

particular point in the care pathway. The design is aimed at ensuring that its structure and content 

accurately reflected how mental health experts conceptualize risk assessment, enable the collection 

of what clinicians consider necessary in order to carry out risk assessment. The web-based 

technologies underpinning GRiST facilitate flexible interfaces to ensure the right level of detail 

appropriate to the particular point in the care pathway is collected using the galatean model of 

classification and the hierarchical tree structure. 
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Chapter 6 Research Design 

6.1 Introduction 

GRiST is a web-based decision support system for risk assessment that links mental health expertise 

to a database of patient cues for mathematical analysis, thus integrating structured clinical judgement 

with empirical evidence [30]. The Galatean Classification model adopted by GRiST has been examined 

with a review of its underlying theories and how it supports clinical decision making.  

This chapter discusses the overall research design and framework. It illustrates the strategies and 

techniques adopted in the research to implement the extraction of mental models, analysing them to 

understand the gap between the clinical decision making of the users’ model and the conceptual 

system model.  

The chapter includes the methods and tools adopted in the ultimate success of the proposed 

framework development. The data for the research is discussed; the means of collecting the data, how 

the data collected is to be represented and implemented alongside with the general research strategy 

used in this research. 

6.2 Presentation of Research Design 

The source of data is collected from risk assessments done by the clinicians while interacting with the 

Galatean Risk and Safety Technology (GRiST) [30]. Data is stored in the system’s database with the 

processes involved in performing the assessments such as questions answered, not answered are 

stored. For the purpose of this research, no personal data is analysed. Hence, no personal data is 

included in the assessments.  

The data set in the .csv file format collected only contained 71,023 assessments done in the years 

2010, 2011, 2012, 2013 and 2014. This was the set of data available and I was given access to by my 

supervisor due to some ethical and access issues.  
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University of Aston being one of the two universities undertaking research and development activities 

on GRiST, has the privilege of having a large database of over one million patient risk profiles and 

associated clinical risk judgments which can be accessed for analysis and the improvement of risk 

prediction and prevention. The university has the NHS Research Ethics Committee approval as a 

research institute.  

The initial design plan was to observe and interview clinicians as they use GRiST for risk assessment 

with patients in their clinics/hospitals. I applied for ethics approval in the university through my 

supervisor who did not sign the application and did not approve it, but promised to provide required 

dataset which I received after many months. The excuse for refusal was that patients may not like 

been observed and it may not be ethical. I also suggested having interview sessions with some 

clinicians on their views on GRiST for effective risk assessment and challenges noted. Once again, I 

was discouraged to take this approach as the ethics approval was denied by my supervisor. The last 

suggestion of using some medical students and other mental health professionals to use Grist with 

dummy data and to provide feedback was also rejected. 

This left me with the only option of using the dataset provided by my supervisor for the analysis. 

Although current data were not available, the data set covered a range of five years records of 

assessments carried out by clinicians which can provide useful trend for analysis. The data is analysed 

to get a deeper understanding clinicians’ thought processes and perspectives on how they make use 

of the system as well as clinical decision making. The clinical decision-making tool that will be used as 

a case study for the research is the Galatean Risk and Safety Technology (GRiST), a web based Clinical 

Decision Support System (CDSS) [30]. 

6.3 Research Methodology 

The overall research methodology covers four distinct stages: 

• The data mining stage is cleaning and understanding the user interactions data set.  
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• Extracting users’ mental models using the concept mapping and data analytical tool  

• Statistical method is used to evaluate the mental models by analysing assessments; extracting 

frequent patterns.  

• The output of the modelling and analysis are compared with GRiST ontology to identify gaps 

between users’ mental model about GRiST and the system’s model. The result of the comparison gives 

the foundation of the research output in the form if then statements illustrated as decision trees. 

The research methodology is summarized in the figure 10 below where I1, I2....In are set of inputs; P1, 

P2..., Pn are set of patterns extracted from the data transformation stage; R1, R2...Rn are set of Rules 

elicited from the mental models derived from the set of patterns; the rules are represented as decision 

trees using the ID3 Algorithm.  

The data mining stage involves preparing and cleaning the data ready for analysis. Data preparation 

involves understanding the data collected. The nodes and different data attributes are identified with 

the conceptual processes of the use of GRiST. 
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Figure 8: Synopsis of the Research Methodology Illustrating Input, Function and Output 

Data cleaning involves ensuring the data is in the right format with the choice of software to be used 

for the data analysis. Personal data were removed from the data to ensure the confidentiality of the 

analysis. This was to ensure that the data used was effectively anonymised that it does not relate to 

any identified or identifiable individual. 

The data set was also used for the academic purpose it was collected for and was not shared with any 

third party. Concept analysis would be carried out to identify the number of concepts expressed in the 

interactions, identify the number of functional linkages, i.e., causal relationships, expressed, and to 

determine the density of the mental model or the ratio of functional links to concepts.  

The research design is illustrated in figure 9 as follows: 
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Figure 9: The Overall Research Design 

 

6.3.1 Choice of Data Analytical Tool 

Knowledge discovery from data set involves examining and creating knowledge, understanding the 

processed to be used to elicit or recover the potential knowledge. A crucial part of the knowledge 

discovery process is a thorough identification of interactions patterns from the metadata. 

This involve identifying the relationship of the attributes and entities in relation to the specific data. 

This can be enormous to implement or manage especially when the data is voluminous; this is beyond 

manual as it will be time draining and inefficient; hence, the need to make use of capable tools to 

analyse the data.  
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Data analysis involve data visualization of information extracted from the dataset. In fact, visualization 

and data analysis works hand in hand [6]. Due to the nature of the data gotten, it is essential to be 

able to view analytics for to enhance the decision-making process. Complex ideas are easily 

understood and aids in the identification of new patterns.  

There are different ways in which variable and attributes of a data set can be viewed in a particular 

methodological layout. These include the use of tables, charts such as bar chart, line charts, pie charts, 

regression charts etc. These are used regardless of any mathematical analysis and hence can be 

recognised as data mining techniques [6].  

The choice of data analytics tool for this research is based on three factors. Firstly, is the ability of the 

software to project analytical visualisation of the data in a user-friendly interface. Secondly, how easy 

the tool can be used in analysing data to extract patterns and construct mental model and thirdly, how 

fast the software can analyse the type of data.  

Out of the big data analytical tools that can easily analyse data, visualise data and give useful 

information was a comparison by Rajeswari, C. et al [168] featuring R [198]and Tableau [193]. The 

performance of the tools using two different multivariate datasets was investigated using .CSV and 

.XLSX for both R and Tableau respectively. The analysis showed that Tableau is better for data analytics 

and decision making compared to R. Tableau is faster in analysis big data, user friendly interfaces by 

providing attractive visual representation of data; such as charts and tables. It provides different 

platforms for analysis through its different versions (Tableau Server, Tableau Desktop, Tableau Online 

and Tableau Reader). The graphical abilities of R, are good with a complete programmable design. 

However, notable disadvantage of R is the level of difficulty of the R Programming Language and time 

consuming to learn if not an expert already. Initial data processing is needed in Tableau by preparing 

and cleaning the data [168].  

Tableau is chosen for this research as Tableau has an excellent user interface. Its integration feature 

is also very attractive as it can be integrated with other advanced big data analytical 
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technology/platforms such as Hadoop. It is fast in both usage and computational abilities. Tableau 

allows connection to data in the cloud (that is, big data, SQL, spreadsheet, or Google Analytics), build 

calculations from existing data, create reference lines and forecasts, make trend analyses, regressions, 

and correlations, with respective statistical summaries. The pattern of the analysis is illustrated using 

statistical method by cumulating the sum of assessments illustrating the pattern.  

The patterns are ensured to align with the standard and filter questions in GRiST. The highest value of 

the patterns is highlighted which are then used in the construction of the mental models in each 

section of the suicide specific questions illustrating the suicide risk assessments. The result and 

interpretation of the data analysis is used for the construction of the clinicians’ mental models.  

The differences between the users’ mental models and the conceptual model are extracted and serve 

as the foundation of the proposed framework which serves as the contribution to knowledge serving 

as recommendations to enhancing clinical decision making and the overall usage of GRiST 

6.4 Framework Presentation 

The aim of the analysis is the extraction of mental models; to understand the pattern of practitioner’s 

interaction with the system. The mental models are compared with how it is expected to use the 

system (conceptual model of the system). The gap between the models is interpreted and serve as 

the foundation for the research framework necessary for the enhancement of the clinical decision 

making [123, 172]. The interpretation forms a new knowledge discovered in the research and the 

representation and implemented using rule-based system. The rule base (also called the knowledge 

base) is the set of rules which represents the knowledge about the domain. The general form of a rule 

is: 

If cond1 and cond2 and cond3 ... then action1, action2, ... 

Such rules are interpreted to mean that if the antecedents of the rule together evaluate to true (i.e., 

if the Boolean combination of the conditions is true), the actions in the consequents (i.e., action1, 
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action2, etc.) can be executed. The Rule based methodology is chosen because it is easy to understand, 

and the syntax is easy to learn and use. These basic advantages of the rule-based methodology make 

it easier for rules to be well represented and that the overlapping of rules is minimized to the barest 

minimum. The fact that the rules are represented in the very direct fashion makes it easy to use and 

the future implementation of the research framework are easily done. Also, in situations that the rules 

are to be checked, it is easy to trace and debug [123]. 

6.5 Construction of Rule Based Systems 

The construction of the rules is implemented using the data-based approach method. One of the 

reasons is the method of data collection used; the research makes use of dataset derived from 

clinicians’ interaction with the system due to the fact that expert knowledge may be incomplete or 

inaccurate due to the biased nature of other knowledge gathering techniques. Data engineers may 

misinterpret the users’ requirements or misjudge the competency of users [123]. System build on 

biased knowledge may be difficult to correct or amend when encountered error or system failure. 

With the data approach, some unknown knowledge can be discovered from the data. This data may 

also be used to support the pattern extracted while modelling the data [123]. More importantly, since 

the data is collected when experts are making use of the system in carrying out assessments, any 

analytical modelling technique used could be revised automatically as the update of database in real 

time. Therefore, data-based approach may be more suitable than knowledge-based approach for 

construction of the rules for this research. The rules extracted is detailed in Appendix A section the 

research.  

Below is the sample of the rules generated: 
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Figure 10: Sample of Rules Created 

 

6.5.1 Rule Based System Representation 

The rules are then represented in decision trees. Decision tree is one of the most popular methods for 

inductive inference. If then statements can be represented in decision trees and vice versa. The 

decision tree is useful in clarifying instances by sorting them down the tree from the root to the leaf 

node. The leaf node provides the classification of the instance [191, 177]. A decision tree can be built 

using many algorithms. Among them Iterative Dichotomiser (ID3) tree is most used method which is 

discussed in the next section. 

6.5.2 Decision Tree Algorithm 

ID3 constructs decision tree by employing a top-down, greedy search through the given sets of training 

data to test each attribute at every node starting with the root node. Then the property values are 
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generated corresponding to each branch. Each branch has generated new node. For the best 

attributes of the selection criteria, ID3 using entropy-based definition of information gain to select the 

test attribute within the node. Entropy characterizes the purity of any sample set [191].  

The decision trees are represented using mind mapping technology. Mind mapping, which is also 

called “clustering ideas”, is a way of collecting ideas around a particular topic and defining connections 

[32]. A mind map software is a tool that helps in the development of mind maps. Mind maps and 

decision trees are related as they are both hierarchical in nature representing ideas and their 

relationships using starting from the root node. The Decision tree is illustrated using mind map. The 

software chosen is the Free Plane software [76].  

The resulted decision trees are detailed in Appendix B section the research. Below in figure 13 is a 

sample of a decision tree of the GRiST suicide question nodes in Freeplane: 

The research data has been explained and understood. The choice of the computer aided tool and 

knowledge representation methods are also justified. The different stages of the data analysis are also 

illustrated. The detailed methodology implementation is described in the data analysis, results and 

conclusion presented in the next chapter. 
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Chapter 7 - Data Presentation   

7.1 Introduction 

This chapter presents the data collected in form of users’ interactions with GRiST for risk assessment 

over a period of use. The chapter also presents the analysis of the data in terms of the various types 

of assessments, concepts investigated, questions answered or omitted, pattern of answers given for 

each of the questions, clinicians’ general pattern of interactions and users’ behaviour. The analysis 

highlights the process of collection of data and process of risk assessment as modelled by GRiST, and 

the preferred pattern or process convenient for the user and the clinical workflow. The highlights of 

the analysis will help in the elicitation of users’ mental model based on their interactions with GRiST 

as they carry out the risk assessment process.  

  

7.2 Data Summary 

The data to be evaluated gives an overview of what clinicians collect in completing assessments, 

investigating the consistency and completeness of the assessments based on the data collected. GRiST 

has been designed with lots of filter questions, to make navigation of the document quicker. If the 

answer “no” to a filter question, the next set of filter question is presented without having t answer 

more detailed questions relating to the question. The technology guides clinicians through the process 

of navigating the form, to ensure that only the relevant information is collected for a particular service 

user. (Where the answer to a filter question is ‘no’ or ‘don’t know (DK), further questions about an 

area will not appear).  

Although GRiST does not directly collect intervention and outcome information following an 

assessment, it does contain relevant data for those patients who have more than one assessment. An 

important piece of information recorded for all patients who have a history of suicide attempts is the 

date of the most recent attempt. If this has changed between assessments then it means the person 
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has carried out a new suicide attempt. The data provide the membership grades (MG)/raw values 

associated with the given columns. The leaf node data are the ones that are used to evaluate the risks, 

but filter nodes are contained in the columns because the answer to these determine whether the 

underlying leaf node data are missing or are undefined. They are undefined if the filter question 

answer is NO because the data only apply if the answer is YES. If filter questions are answered as YES. 

The values of the answers for the filter question are represented as 0,1,2„,10; low to high degree 

respectively. A case of no input; missing data or don’t know answer is represented as \N 

7.3 Data Columns Representing Assessment Nodes in GRiST 

The relationship between the assessment modes is represented in mind map, illustrating the different 

nodes to carry out the risk assessment and carry out the clinical decision making. This research focuses 

on the suicide node of the decision making of GRiST which accounts for the majority of mental health 

cases, the suicide section is also the most commonly used section for assessment; the suicide section 

of GRiST focusses on the precious episodes of suicide and current situation and behaviour. The suicidal 

assessment investigates a number of factors; such as the state of mind, personality and way of 

thinking, heath and care, involvement with life and others, adverse life events, person’s behavioural 

presentation during assessments. These factors help in the decision-making process of the assessment 

of the service user of being suicidal. The figure below illustrates the different core questions in GRiST 

Suicide specific questions (Left Hand Side) under the branches section: 
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Figure 12: GRiST Question Interface [79] 

A total of 171 concepts are extracted from the data; due to ethics and data protection; two concepts 

are not used in the analysis; the patient ids and the assessment ids were removed. Each concept 

corresponds to the questions asked in GRiST. For example, “GEN-ETHNICITY” represents the Ethnicity 

question in GRiST; “GEN-GENDER” represents gender question in GRiST. Concepts extracted that 

violate the ethics of academic research were excluded from the analyses; the PAT-ID and the 

ASSESSMENT-ID were removed from the data prior to analysis. The data was loaded to Tableau; a data 

mining tool to extract the concepts in the data; which appear at the left-hand side of the software. 
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The concept listed were stored in the database relating to the data source. The list of 169 analysis 

ready extracted concepts are illustrated below: 
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The data was loaded to Tableau; a data mining tool to extract the concepts in the data; which appear 

at the left-hand side of the software. The concept listed were stored in the database relating to the 

data source. Data analysis was carried out using Tableau software which provided a detailed analysis 

of the data concepts and the pattern of answers given by different user. These identified patterns 

were used to construct the users’ model in chapter 8. 

The figure of Tableau with the listed concepts is as follows: 
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7.4 Assessments’ Demographic data 

A total number of 71,023 assessments are analysed in the research. The assessment spanned over the 

span of 5 years from 2010 to 2014. Total number of assessments in the years increased steadily over 

the period of time the assessments were made. The distribution of number of assessments is 

illustrated in the figure below: 
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Figure 14: Overview of Total Assessments 

The data has been collated from May 2010 till December 2014. The distribution of total assessments 

over the period of data collection is illustrated in the figure below: 

 

The steady increase of the number of assessments over the period of years is illustrated in the line 

char below: The assessments were carried out on service users of different ethnicity. A total of 16 

ethnic groups were extracted from the data with a no value in ethnicity of 530 assessments. The 

ethnicity groups are illustrated in the figure below: 
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The highest number of ethnicities represented in the assessments is the White British representing 

67,705 out of 71,023 total assessments which is 95% of the assessments. 
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Chapter 8 - Eliciting Users’ Mental Model of GRIST (Data Analysis / 

Interpretation) 

8.1 introduction 

This chapter elicits users’ mental model from the analysed data of users’ interactions to identify 

patterns of interactions, preferred path to risk assessment and current clinical workflow. It also 

highlights differences between the established mental model of GRiST and the preferred options of 

users indicating users’ mental model and behaviour. The process of risk assessment which is based on 

the hierarchical structure trees of concepts and questions will be examined to identify users’ path 

based on questions answered or ignored.  

The construction of mental model is constructed in a particular context. Mental models of users when 

communicating with a system is a good foundation for a good implication for system updates, system 

design and user modelling. Construction of mental models is affected by users’ existing knowledge 

structures, workplace practices, training conditions and the system image. The research has two main 

goals. The first is to investigate the construction of mental models of users using data collected during 

clinicians’ interactions with the system. The second goal is to investigate the differences between the 

users’ mental models and the system’s conceptual model in the development of framework useful to 

enhance the risk judgement and formulation processes.  

8.2 Service User Gender Distribution in Assessments 

The data on specific suicide condition of the patient focuses on two main conditions namely past and 

current suicide attempt, and current suicidal situation and behaviour. It also encapsulates questions 

relating to assessor or practitioner’s view of the service user relating to concerns on risk of suicide, 

state of mind, personality and way of thinking, heath and care, involvement with life and others, 

adverse life events, person’s behavioural presentation during assessment, living arrangement etc. 
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Each concept in the hierarchical structural trees will be examined individually to identify users’ path 

based on questions answered or ignored. 

8.3 Risk of Suicide 

These questions initiate concerns with service user’s risk of suicide and to understand if the service 

user made current or previous suicide attempt. To understand the interaction with the users’ 

interactions inputs for the questions are analysed. Different pattern of how these questions were 

answered during assessments were gotten; the highest number of patterns are extracted. The data 

analysis extracted are illustrated as follows: 

 

Figure 20: Risk of Suicide Analysis  

 



152 
I.I Agboola, PhD Thesis, Aston University 2022 
 

The filter question to request for the past suicide attempt and most recent attempt is if there is a 

reason to be concerned about the patient’s risk of suicide with a yes answer. Most entries however 

show no answer to past suicide attempt and no most recent attempt even though there is a concern 

for the patient’s risk of suicide.  

2,851 out of 71,023 assessments did not fill the Past Suicide and Suicide Most Recent questions. In 

28,568 assessments, professionals answered no to Suicide Past and no input for the Suicide Most 

Recent. 

8.3.1 User’s Path/Mental Model – Risk of Suicide 

From this analysis, the interaction gave rise to the following mental models:  

a. Pattern of no input (I don’t know) in the past intentions, with the most recent suicide inputted, no 

input for the first suicide occurrence, no input in the how many suicides and the number of 

frequencies.  

b. Pattern of input in no nodes relating to suicide questions and a value is inputted in the number of 

suicide frequency  

c. Pattern of no input in the suicidal questions  

d. Past suicide intentions answered as NO; with inputs in the suicide frequency questions  

e. NO answered to past suicide intentions, no input to the most recent, first suicide occurrence, how 

many suicides and the suicide frequency questions.  

f. YES, answered in the suicide past intentions, input in the rest of the questions.  

g. NO answered to past suicide intentions, no input to the most recent, first suicide occurrence, how 

many suicide and the suicide frequency questions.  

The entries show contradictions either through deliberate omission or lack of understanding of what 

is expected of the clinician. The percentage of assessments with such entries shows a common pattern 
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among the clinicians who may have a different mental model of the process projected by the set of 

questionings of GRiST. The common pattern of entries shows no input in past suicide attempt, most 

recent, how-many attempts and frequencies question nodes. This kind of entries may imply 

incomplete data with negative consequences for the risk assessment and judgement and may need to 

be controlled and avoided by the system 

8.4 Suicide Notes 

Here the question relating to the any written suicide note for any previous or current suicide attempts. 

In the analysis, a significant amount of the assessments answered (don’t know) to the questions. 

42,508 assessments have no input which is about 60% of the assessments. The answer to this question 

should be related to answers given for past or current suicide attempts.  

The analysis of the suicide notes is as follows: 

 

Figure 21: Overview of Answers to Suicide Notes Question 

If past or current attempt is yes suicide-note should not be blank, the common pattern shows 60% of 

the assessments left the node blank. This is an anomaly of incomplete data with probable negative 

consequences on risk judgement and management plan. 

8.5 Seriousness of Suicide Methods 

These questions investigate the lethality of the suicide methods used and how the service user tries 

to hide any suicide attempted not making sure the suicide attempt was not stopped. The answer 
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should be related to the answers given to past suicide attempt and current suicide attempt. Past or 

current suicide attempt should have suicide method lethality and suicide discovery answer. Common 

pattern shows blank or no to both lethality and suicide discovery, while some shows high lethality but 

no value in the suicide discovery as represented in the figures 24a and 24b: 
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8.5.1 User’s Path/Mental Model – Seriousness of Suicide Methods 

The mental model extracted as follows:  

a. The pattern of users inputting in the suicide lethality and suicide discovery. 

b. The pattern of users inputting in the suicide lethality and no input in the suicide discovery. 

c. The pattern of users inputting in the suicide lethality (high level) and suicide discovery (low level). 

d. The pattern of users not inputting in the suicide lethality question and value in the suicide discovery 

question.  

e. The pattern of users not inputting in the suicide lethality question and suicide discovery question. 
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8.6 Person’s Current Perspective on Suicide Attempts 

The questions are to understand the insight to the lethality of previous suicide attempts. Based on the 

answers given, the next question about regret to complete a suicide comes up. As interconnected 

these nodes are; it is expected from the conceptual model that there should not be a no value input 

in any of them. Also, if the answer to attempt to succeeded with suicide is no; it is expected that the 

suicide regret answer to be no. 

 

8.6.1 User’s Path/Mental Model – Person’s Current Perspective on Suicide Attempts 

Mental models extracted is as follows:  

a. Patterns of no values in the Suicide Lethality, Suicide Success and Suicide Regret questions  

b. Patterns of no value in the Suicide Lethality, Suicide Success and a value in the suicide regret nodes  
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c. Patterns of value inputted in the Suicide Lethality, Suicide Success and no values in the suicide regret 

questions 

 

 

d. Patterns of values in the Suicide Lethality, Suicide Success and suicide regret questions  

e. Patterns of value in the suicide lethality, suicide regret and no value of the success of suicide 
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The three nodes registered input of values and no values. Users responded to the Suicide success, 

suicide lethality and well as if service users do have suicide regrets and suicide success. There are 

however large number of assessments of 34,466 recorded no input values in both nodes. According 

to the assessment, there are service users that do not have suicide regrets as well as no high-risk 

suicide frequency. The pattern of answers may imply incomplete data due to omission by users or 

ignorance of systems’ expectations. 

8.7 Potential Triggers for Perspective Suicide 

The node represents questions highlighting potential triggers for prospective suicide questions. In this 

section of questions in GRiST, questions relating to the potential triggers, triggers match with those 

that have caused suicide attempts as well as family history of suicide are investigated. These nodes 

from the conceptual model perspective expects clinicians to answer a yes, no to further investigate 

the service users’ exposure to feelings or circumstances that may trigger a suicide attempt (answers 

from 0 to 10) and the match of these feelings with known triggers for previous attempts. Answers may 

range from 0 to 10 or a don’t know. However, if leaf question is answered as a yes; it is expected that 

the three nodes are answered. 

 

8.7.1 User’s Path/Mental Model – Potential Triggers for Perspective Suicide 

From the analysis, the following are the mental models extracted:  
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a. No values in the suicide potential triggers, suicide potential family match and the suicide family 

history questions  

b. Potential Triggers answered as no value, suicide family history answered no and the trigger match 

as no value  

c. Potential Triggers answered as no value, suicide family history answered yes and the trigger match 

as no value  

d. Potential Triggers answered as no value, suicide family history answered yes and the trigger match 

as no  

e. Potential Triggers answered as no value, suicide family history answered yes and the trigger match 

as yes. 

 f. Potential Triggers answered as no value, suicide family history with no value and the trigger match 

as no  

g. Potential Triggers answered as no value, suicide family history with no value and the trigger match 

as yes  

Common pattern shows no values in the suicide potential triggers, suicide potential family match and 

the suicide family history questions which highlights inconsistencies and incomplete set of data. 

 

8.8 Suicide Ideation 

The node represents the suicide ideation questions. In this section of GRiST, the ability of the service 

user to control suicidal ideation indicating high risk, content of suicidal ideation indicating risk, the 

strength, intensity, intrusiveness and persistence of suicidal ideation and the frequency of suicidal 

ideation. On answering yes to question about service user having suicidal thoughts or fantasies it is 

expected to input a value or don’t know to the filter questions. There exist mental models of the 
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user; from the analysis made.  

8.8.1 User’s Path/Mental Model – Suicide Ideation 

The following are the mental models extracted:  

a. Value inputted in the suicide ideation and the ability to control suicidal ideation.  

b. No values inserted in suicide ideation and ability to control suicidal ideation  

c. Value inputted in the suicide ideation and no value the ability to control suicidal ideation  

d. No value inputted in the suicide ideation and value the ability to control suicidal ideation.  

From the analysis made, a significant amount of assessment (53,453) has no value in the suicide 

ideation and ability for the user to control suicidal ideation. There are 20 assessments of service users 

whose inability to control suicide ideation is high (given as 10) with no value in the suicide ideation. 
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This may imply that clinicians do not consider these questions as necessary or they are ignorant of the 

need for those answers. It also indicates missing data with consequential impact on risk judgement 

and management. 

8.9 Appearance Indicators of Suicide 

This section investigates appearance indicators of self-neglect. Questions relating to hair and clothing 

indicative of self-neglect, personal hygiene, recent change in appearance of self-neglect, skin and self-

harming injuries are asked. Conceptual model of the system expects users to input at least a value; 

answer at least one question in this section of the question nodes.  

8.9.1 User’s Path/Mental Model - Appearance Indicators of Suicide 

The following are the mental models extracted from the analysis:  

a. Pattern of no value inputted in hair and cloth neglect, hygiene, appearance and skin injury question  

b. Pattern of no value in hair and cloth neglect, hygiene, appearance and a ‘yes’ answered in skin injury 

question  

c. Pattern of no value in hair and cloth neglect, hygiene, appearance and a ‘no’ answered in skin injury 

question. 
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d. Pattern of high value answer for concerns with appearance and no value in hair and clothes neglect, 

hygiene and skin injury  

e. Pattern of no/Low risk attached to hair and clothing indications of risk (Value as 0), no value in 

Hygiene; with a combination of yes, no or no input in Skin. 

8.10 State of Mind 

The state of mind layer of questions covers questions regarding the feelings/emotions and 

hopelessness of patients. Data is entered if there is a concern for patient’s feelings/emotions. This 

helps in understanding service user’s feelings and emotions relating to mood swings, negative feelings 

as well as the degree of hopelessness in risk assessment.  
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In these nodes; values are expected in all the questions if there is a concern for persons’ 

feelings/emotions. The analysis uncovered many assessments with no values which highlights missing 

data.  

8.10.1 User’s Path/Mental Model – State of Mind 

The mental model extracted from these nodes are summarised as follows:  

a. Pattern of all values in both mood swings and feeling negative about self-questions  

b. Pattern of no values in both mood swings and feeling anxious questions  

c. Pattern of no value in the mood swings and value in feeling negative about self-questions  

d. Pattern of values in the mood swings and no value in the feeling negative about self-questions. 

However, there are 38,722 assessments that does not have any value which is more than half of the 

total assessments. This may indicate that clinicians do not see the relevance of these questions or that 

the questions are lengthy and time consuming. 
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Other State of Mind Questions 

The mental model extracted from these nodes are summarised as follows:  

a. Pattern of all values in both life not worth living and plans for the future questions  

b. Pattern of no values in both life not worth living and plans for the future questions  

c. Pattern of no value in the life not worth living and values in plans for the future questions  

d. Pattern of values in the life not worth living and no values plans for the future questions 

 

8.11 Person’s Perspective of Self Worth 

The questions are asked regarding risks associated with the person’s sense of self-worth; investigating 

if the service user regard him or herself as worthless and the level of grandiosity. Answer is expected 

in the two questions covering self-worth if there is concern for the person’s self-worth has been 

answered affirmatively. 
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8.11.1 User’s Path/Mental Model - Person’s Perspective of Self Worth 

Mental Model extracted are as follows:  

a. Pattern of value in the worthlessness and grandiosity questions. 

b. Pattern of no value in the worthlessness and grandiosity questions  

c. Pattern of no value in the worthlessness and a value in grandiosity questions 

 

8.12 Personality and Way of Thinking 

This set of questions is aimed at collecting data on personality issues that may have an impact on risk, 

problems with mental faculties/cognitive capacities and insight and responsibilities. Clinicians are 

expected to answer all the questions relating to the degree of impulsiveness, assertiveness, 

dependence, ability to emphasise up to the personality disorder if there is a concern about personality 

factors and their impact on risks. The analysis shows users input, no value and a mixture of no and 

yes. 
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Figure 31: Personality and Way of Thinking Analysis (a) 
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8.12.1 User’s Path/Mental Model - Personality and Way of Thinking 

Mental Model extracted are as follows:  

a. Patterns of no value in the questions relating to personality issues.  

b. Patterns of no value in most of the personality issues related questions and a yes answer in the 

general personality questions.  
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In the analysis done, there are about 4,964 assessments answering yes to general personality 

questions and 38,903 assessments have no personality issues according to the data set. 

 

8.13 Problems with Mental Faculties/Cognitive Capacity 

This node of the assessment investigates if there are any impaired cognitive functions. The current 

level of impaired thinking processes and memory is asked and to investigate the level of the impaired 

function. The ability for the person to concentrate is looked into and to understand if the person has 

learning disabilities. In the conceptual model, when the cognitive function is answered yes; it is 

expected that the current level of impaired thinking is answered. The data analysed illustrates the 

number of records for input in the mental faculties. The filter questions relating to the mental faculty 

were answered with no values, values and also yes or no. From the input, a larger amount of the 

assessments has no value inputted and this is illustrated below: 

8.13.1 User’s Path/Mental Model - Problems with Mental Faculties/Cognitive Capacity 

When analysed with other filter questions; such as general cognitive impairment, cognitive thinking 

and memory impairment, ability to concentrate and learning disabilities the following mental models 

are derived;  

a. Pattern of no input in answering mental health question; include a value in the general impairment, 

concentration (values of 0 to 10) and a no value for learning disability questions  

b. Pattern of no input in answering mental health question; include a value in the general impairment, 

concentration (values of 0 to 10) and a yes answer for learning disability questions  

c. Pattern of no input in answering mental health question; include a value in the general impairment, 

concentration (values of 0 to 10) and a no answer for learning disability questions. 
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Figure 34: Mental Faculty Bar Chart Analysis 

8.14 Insight and Responsibility 

The node investigated service user’s lack of insight and sense of responsibilities If answered yes, the 

degree at which the service user fails to understand the potential consequences for taking risk is 

questioned; which is expected to be answered. The degree at which the person lacks any sense of 

responsibility for the outcomes of risk-taking behaviours and lacking insight about needing help with 

mental issues is asked. The three filter questions are expected to be answered illustrating the insight 

and degree of the service user’s responsibilities. At least one of the filter questions must be answered. 
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Figure 35: Insight and Responsibility Analysis 

8.14.1 User’s Path/Mental Model - Insight and Responsibility 

The mental models extracted include:  

a. Pattern of values inserted answering all the questions 

 b. Pattern of answers to general insight into behaviour and consequences, no value in the 

responsibility to others and no value in the responsibility of impact of behaviour on others.  

c. Pattern of no values for all the nodes relating to insight and responsibility questions. 

 



172 
I.I Agboola, PhD Thesis, Aston University 2022 
 

8.15 Health and Care Questions: Clinical Depression 

The set of questions on health and care considers the condition of patients and history of mental 

health problems; physical health problems; and concordance with health 

services/medication/therapies. The questions investigated if the person have any history of 

depression, mania, hallucinations or delusions and diagnosis of clinical depression; the level of the 

clinical depression status. If the clinical depression is answered as yes; it is expected that the level of 

current depression must be answered. 

 

Figure 36: Heath and Care Analysis 

 

8.15.1 User’s Path/Mental Model - Health and Care Questions: Clinical Depression 

The following mental models are extracted:  

a. Pattern of users answering all questions relating to the clinical diagnosis of depression  

b. Pattern of users not inputting any value in all clinical depression questions  
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c. Pattern of users answering yes to the clinical depression and no value inputted in the level of clinical 

depression  

d. Pattern of users answering yes to the clinical depression and no value inputted in the level of clinical 

depression  

e. Pattern of users answering no to the clinical depression and no value inputted in the level of clinical 

depression  

From the analysis made, a significant amount of the assessments does not a value included in both 

question nodes (25,281); there have been no value for the general depression question and the values 

for the level of clinical depression. The no answer for the general depression question have a value 

and has a clinical depression value. The general depression questions answered yes and about 6,875 

assessments had no input attached to them. 

 

8.16 Current Symptoms of mental Illness Questions: Voice 

Hallucinations 

This section of the system is to investigate if the person hears voices that are not present in reality; if 

the answer is yes; a set of questions are presented to know if the person acts on the voices and how 

much the voices urge the person to harm or endanger himself or herself and other as well as the 

degree of the person displaying hypomanic behaviour. The conceptual model expects the user to 

answer at least one of the filter questions when the leaf/standard is answered as a yes.  
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8.16.1 User’s Path/Mental Model - Current Symptoms of mental Illness Questions: 

Voice Hallucinations 

The extracted mental models are summarized as follows:  

a. Pattern of answers to all the nodes  

b. Pattern of answers to at least one of the nodes  

c. Pattern of no value inputted into the nodes 

 

8.17 Paranoid Delusions 

This investigate the person suffer from delusions, how likely the person will act on any delusions; how 

the perceived bad behaviour of particular known people can increase risk factors or prosecuted by 

known people as well as if the service user is displaying manic or hypomanic behaviour. When the 

answer to if the service user is suffering from delusion is yes; it is expected that at least one of the 

filter questions is answered. When the answer is answered as no or don’t know; it is expected that 

none of the filter question is to be answered. 
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Figure 37: Paranoid Delusion Analysis (a) 
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Figure 38: Paranoid Delusion Analysis (b) 

 

8.17.1 User’s Path/Mental Model – Paranoid Delusions 

From the analysis made, the following mental models are extracted:  

a. Pattern of value inputted in the different nodes  

b. Pattern of no input in the answer to paranoid delusion question and a yes answer to probability of 

acting on the delusion. 
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c. Pattern of no input in the answer to paranoid delusion question and a no answer to probability of 

acting on the delusion  

d. Pattern of value in the paranoid delusion and no answer in the probability of acting on paranoid 

delusions  

e. Pattern of value in the paranoid delusion and yes answer in the probability of acting on paranoid 

delusions 

8.18 Physical Health Problems 

The questions illustrate the risks associated with risks due to physical health problems and the type of 

chronic health conditions. Also, to understand the first date life threating illness was first diagnosed. 

This is further investigated by finding out if the service user suffers from chronic or periodic pain, 

problems that affect mobility, trouble communicating as a result of physical health problems such as 

hearing impairment. 
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Figure 41: Physical Health Problem Analysis (c) 

8.18.1 User’s Path/Mental Model - Physical Health Problems 

The mental model derived from the analysis is summarized as below:  

a. Pattern of users inputting no value for physical health problem, value in the physical health pain, 

value in the chronic condition and value in the hearing impairment condition  

b. Pattern of users inputting no value in all the nodes relating to the health problems questions  

c. Pattern of no value in the physical health problem, value in the general physical health pain, no 

value in the choice of chronic condition and value in the hearing impairment  

d. Pattern of no value in the nodes except physical health pain. 



180 
I.I Agboola, PhD Thesis, Aston University 2022 
 

8.19 Concordance with Health Services 

This question investigates concerns about person’s concordance with health treatments; especially 

with failing to concord with medication or therapies, the service ser thoughts about health or social 

care services that are not supportive as well as the thought of medication or therapy not working. 

From the conceptual model perspective, when a yes is answered for the leaf question, at least one of 

the filter questions should be answered; if the answer is no, it is expected that none of the filter 

questions should be answered. 

 

Figure 42: Concordance with Health Services Analysis (a) 
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Figure 43: Concordance with Health Services Analysis (b) 

 

Figure 44: Concordance with Health Services Analysis (c) 

8.19.1 User’s Path/Mental Model - Concordance with Health Services 

From the analysis made; the following are the summary of the mental models extracted:  
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a. Pattern of no values in the medication concordance, service perception, medication and therapy 

questions  

b. Pattern of value in the answer to medical concordance and no value in the service perception and 

attitude to medications and therapy.  

c. Pattern of no values in the medication concordance and service perception and value in the 

medication therapy questions.  

d. Pattern of no value in the medication concordance, value in the service perception and value in the 

medication and therapy. 

 

8.20 Motivation and Engagement with World 

This question investigates reason to be concerned about the person’s motivation and engagement 

with the world. Filter questions investigate if the service user is physically, mentally isolated from the 

world; also, to know if the person lacks motivation in general or appear listless; lacking enthusiasm 

and drives. In the conceptual model, the answer can be a yes or no to the leaf question. If yes; the 

filter questions are expected to be answered. If the answer to the leaf question is no; it is expected 

that the filter questions are not answered. 
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Figure 45: Motivation and Engagement with World Analysis (a) 
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Figure 46: Motivation and Engagement with World Analysis (b) 

 

8.21 Social Context 

This question helps in investigating reasons to be concerned about risks due to the person’s social 

context (relationships, living arrangements, finances, employment and any related detrimental 

changes). In relationship specific questions, filter questions are based on understanding if the service 

user lack a good network relationship outside the home, lacking supportive relationship; experience 

of the service user having detrimental relationships; change of relationship due to divorce, new role 

etc. 
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Figure 47: Social Context: Relationship Analysis 

 

8.21.1 User’s Path/Mental Model – Social Context 

From the analysis, the following mental model are summarized as follows:  

a. Pattern of values in all the nodes relating to social context and relationships  

b. Pattern of no values in all nodes relating to social context and relationships  

c. Pattern of no values in some of the nodes and values in the other nodes.  

For example, no values in the social context, relationships and values in the deteriorating relationships 

and no changes in relationships; models like these needs to be looked into. 
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8.22 Living Arrangements:  

These questions are related to the risks due to service user’s living arrangements. Looking at knowing 

the frequency in which accommodation changes; if it has been taken away or in the process of being 

taken away; the type of supported living the person have, how isolated, neighbourhood or care 

environment impact and traces of the place showing lack of care and to know if the accommodation 

is unfit to live. When the question is answered as a yes; it is expected that the filter questions are 

answered. 

 

Figure 48: Social Context: Living Arrangements 
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8.22.1 User’s Path/Mental Model – Living Arrangement 

The mental models derived are as follows:  

a. Pattern of no values in all the nodes relating to the living arrangement questions  

b. Pattern of most of the nodes having no value and one of the nodes having a value  

c. Pattern of users inputting no value in all the nodes and inputting a value on question asking how 

isolated the accommodation is.  

d. Pattern of users answering yes for social context node and no value related to living arrangement 

filter questions  

e. Pattern of no values inserted except the living arrangement change  

f. Pattern of users having no concern about risks related to the general social context and inputting 

values in other living arrangement filter nodes. 

8.23 Financial and Employment Concerns  

This question is investigating the concerns about the risks due to the service user’s employment and 

or finances status. 
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Figure 49: Social Context: Financial and Employment Concerns Analysis 
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8.23.1 User’s Path/Mental Model - Financial and Employment Concerns 

Mental models derived are as follows:  

a. Pattern of users inputting no value in the poverty filter question and the recent bad job change with 

values in the frequency of job change.  

b. Pattern of users inputting no value in the poverty filter question, recent bad job changes and in the 

frequency of job change.  

c. Pattern of users inputting no value in the poverty filter question; yes, in the recent bad job change 

with values in the frequency of job change.  

d. Pattern of users inputting no value in the poverty filter question; yes, in the recent bad job change 

with no values in the frequency of job change.  

e. Pattern of users inputting no value in the poverty filter question; no in the recent bad job change 

with values in the frequency of job change.  

f. Pattern of users inputting no value in the poverty filter question; no in the recent bad job change 

with no values in the frequency of job change. 

8.24 General Current Behaviour 

The questions are investigating the person’s general current behaviour e.g., risk-taking, sleep patterns, 

daily activities, challenging behaviour and diet. The concept model allows answers to the filter 

questions only when yes is answered. 
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Figure 50: General Current Behaviour Analysis 

 

8.24.1 User’s Path/Mental Model – General Current Behaviour 

Mental models derived are as follows:  

a. Pattern of value inputted in concerns with risk aggression, unintended behaviour, unusual 

behaviour, challenges in relating and the day structure.  
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b. Pattern of value inputted in concerns with risk aggression, unintended behaviour, unusual 

behaviour, challenges in relating and no value in the day structure.  

c. Pattern of no value inputted in all the nodes  

d. Pattern of no values in the nodes except value in the challenge node  

e. Pattern of no values in the nodes except the day structure. 

 

8.25 Appropriateness of Diet 

The questions investigate how healthy the service user diet is as regards to eating, drinking, weight 

gain or loss in recent months. Answers to these questions can be with a value or no value. 
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Figure 51: Appropriateness of Diet Analysis 

 

8.25.1 User’s Path/Mental Model - Appropriateness of Diet 

Mental models derived are as follows:  

a. Pattern of values in eating disorder and dieting, change in diet and no in diet due to drinking.  
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b. Pattern of answers to general eating disorder and no value in other nodes.  

c. Pattern of values in the eating disorder question and no value in the rest of the questions.  

d. Pattern of values in the eating disorder question and no value in the rest of the questions. 

 

8.26 Substance Misuse 

The degree at which effect of alcohol and drugs misuse. When the leaf question is answered yes, one 

of the filter questions has to be answered. 

 

Figure 52: Substance Misuse Analysis 
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8.26.1 User’s Path/Mental Model – Substance Misuse 

Mental models derived are as follows:  

a. Pattern of values in drug misuse, alcohol and substance misuse questions  

b. Pattern of values in drug misuse, alcohol and no value in substance misuse questions  

c. Pattern of values in drug misuse, no value in the alcohol misuse and substance misuse questions  

d. Pattern of no values in drug misuse, alcohol and substance misuse questions  

e. Pattern of values in drug misuse, alcohol and no value in substance misuse 

 

8.27 Adverse Life Events 

The question in this section investigates if the person has any adverse life events e.g. suffered abuse, 

criminal justice proceedings, serious injury, detrimental upbringing/education, eating disorders that 

contribute to his/her being suicidal. 
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Figure 53: Adverse Life Events Analysis 

 

8.27.1 User’s Path/Mental Model – Adverse Life Events 

Mental models derived are as follows:  

a. Pattern of values in at least one of the questions relating to physical, sex and emotional abuse 

experience  

b. Pattern of values answering yes to a node and inputting no value to the rest of the physical, sex and 

emotional abuse experience questions  

c. Pattern of no values in all nodes relating to physical, sex and emotional abuse experience  

d. Pattern of inputting no value in the general physical abuse and inputting a value in in abuse as a 

child experience 

8.28 Other Challenging Experiences  

Forensic/ Criminal Proceedings Questions In this node, the questions relating to criminal proceeding 

questions 
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Figure 54: Other Challenging Experiences Analysis 

8.28.1 User’s Path/Mental Model – Other Challenging Experiences 

Mental Models include: 

a. Pattern of no values in the forensic and criminal proceedings questions  

b. Pattern of ‘no’ answer in the forensic question and no value in the criminal proceedings  

c. Pattern of ‘no’ answer in the forensic question and value in the criminal proceedings question  

d. Pattern of ‘yes’ answer in the forensic question and no value in the criminal proceedings  

e. Pattern of ‘yes’ answer in the forensic question and value in the criminal proceedings 
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8.29 Person’s Behaviour Presentation during Assessment 

These questions investigate how difficult it to rapport with the service user and the un-willingness is 

to communicate as well as the assessor’s uneasiness about the service user. 

 

Figure 55: Person’s Behaviour Presentation during Assessment Analysis 

8.29.1 User’s Path/Mental Model – Person’s Behaviour Presentation during Assessment 

Mental models derived are as follows:  

a. Pattern of no values in all nodes; the general rapport, gut assessment, responsiveness questions. 

 b. Pattern of values in all the general rapport, gut assessment, responsiveness questions.  

c. Pattern of no value in the general rapport question, no in the gut assessment but a value in the 

general responsive question.  
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d. Pattern of value in the general rapport question, no in the gut assessment but a value in the general 

responsive question.  

e. Pattern of value in the general rapport question, yes in the gut assessment and a value in the general 

responsive question. 

 

8.30 Verbal Indicator of Risk 

The questions are asked to understand assessor’s concerns about the service user’s verbal indicators 

of risk. If the answer is yes; it is expected that the degree of aggression, level of depression and the 

degree to which the person is generally making sense is assessed. 

 

Figure 56: Verbal Indicator of Risk Analysis 
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8.30.1 User’s Path/Mental Model – Verbal Indicator of Risk 

The mental model derived from this include:  

a. Pattern of no value in all nodes relating to the verbal indicator of risks questions.  

b. Pattern of ‘Yes’ answered in general coherence and no value inputted in all other nodes relating to 

the verbal indicator of risks questions.  

c. Pattern of values in the coherence question(yes) and no value in the risk and a value in the risk 

aggressive questions.  

d. Pattern of ‘Yes’ answer in the coherence questions and no value in the other nodes relating to the 

verbal indicator of risks questions. 

 

8.31 Body Language and Expression 

Questions relating to concerns about the service user’s body language and expression. 
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Figure 57: Body Language and Expression Analysis 

8.31.1 User’s Path/Mental Model – Body Language 

Mental Model extracted:  

a. Pattern of inputting values in all the associated nodes relating to body language and expression 

questions  

b. Pattern of no values in all the associated nodes relating to body language and expression questions  

c. Pattern of no values in the threat movement, feeling detached, and avoiding eye contact and values 

in other nodes  

d. Pattern of value in no other questions apart from the eye movement question  

e. Pattern of value in eye movement and no value in avoiding eye contact 

 

8.32 Sharing Accommodation Statistics 

To ascertain if the service user is living with someone aside his/her partner. 

 

Figure 58: Sharing Accommodation Statistics 
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8.32.1 User’s Path/Mental Model – Sharing Accommodation 

Mental Models extracted include:  

a. Pattern of no values for the marital status and sharing accommodation with partner  

b. Pattern of no values for the marital status and a no answered to sharing accommodation with 

partner question  

c. Pattern of no values for the marital status and a yes answered to sharing accommodation with 

partner question  

d. Pattern of ‘Yes’ answered for the marital status and a no value answered to sharing accommodation 

with partner question  

e. Pattern of ‘Yes’ answered for the marital status and a yes answered to sharing accommodation with 

partner question  

f. Pattern of ‘Yes’ answered for the marital status and a no value inputted to sharing accommodation 

with partner question.  

 

8.33 Dependents  

To understand the number of dependents living with service user if applicable 
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Figure 59: Dependents Analysis 

 

8.33.1 User’s Path/Mental Model – Dependents 

Mental models extracted are as follows:  

a. Pattern of no values for the living with dependents and number of dependants  

b. Pattern of value answered as yes for the living with dependents questions and no value for the 

number of dependant question  

c. Pattern of values inputted for the two questions  

d. Pattern of no answered in the accommodation dependent question and no value for the rest of the 

questions  

e. Pattern of no values for all the nodes relating to dependent questions. 

 

 

 

 

 

 

 

 

 

 



205 
I.I Agboola, PhD Thesis, Aston University 2022 
 

Chapter 9 - Discussion – Comparing GRIST’s Mental Model and Users’ 

Mental Model of GRIST 

9.1 introduction 

This chapter highlights the gaps between the conceptual model of GRiST and the elicited users’ mental 

model. It focuses on the process of data collection driven by the dynamic interface of GRiST through 

the question tree (QT), and how the users respond. It highlights the challenges of users and the 

implication to effective risk assessment and the preferred pathway of the users. This will highlight 

options for aligning the GRiST model with the identified users’ mental model and set the base for the 

provision of possible solutions in the enhancement of GRiST model. 

9.2 Overview of Issues / Challenges 

The presentation of the data and its analysis highlights issues in the data collection process of GRiST 

and how the model used in the system helps to direct data collection based on some initial data 

entered or answers given to questions. The highlights show strong dependencies between data 

variables and the type of relationships that determine the data needed to be collected.  

It also highlighted the presence and absence of some data that may be instrumental to the risk 

formulation and judgement. Patterns of data collection, the perception of risk assessment by 

clinicians/users, data perceived as important that are considered relevant for risk assessment and 

inconsistencies in the entries of data were all highlighted in the data presentation.  

These highlights provide the basis to examine the data collection process in risk assessment; patterns 

and approaches of data collection; data inconsistencies and incomplete data; clinical workflow; and 

the role played by the dynamic data collection interface of GRiST and the hierarchical task structure 

in providing a structured and objective approach to using GRiST. 
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9.3 GRiST’s Acceptability 

The findings show that GRiST is increasing in popularity and acceptance with increasing number of 

assessments. The number of users and assessments almost doubled from 13,674 in 2012 to 21,057 in 

2013 but increased in 2014. Due to the steady increase of the assessment; this could imply that GRiST 

is supporting clinicians in meeting their risk assessment needs. It may also imply that users are finding 

it easier to use GRiST may be due to its structured systematic approach or its ability to accommodate 

clinicians’ workflow and practices.  

The ability of GRiST to meet users’ requirements and needs has been emphasised in software 

development research as a critical success factor of a system. The simplicity and ease of use of the 

system and the alignment of its operations with the users’ workflow are among the usability features 

of a system which may not have been demonstrated effectively by GRiST. These characteristic features 

are important in the development and use of any CDSS. 

 

9.4 Unanswered Questions 

The data analysis shows many blank nodes or unanswered questions which means required data were 

omitted or not given/answered deliberately by the user. The blank nodes are required data to a filter 

branch with a yes answer. This could imply that the user does not find the questions in the branch 

relevant or the answer options does not meet the answers the user has in mind or the question(s) is 

confusing to the user.  

GRiST with the filter questions identifies the data required for determining the reliability of current 

intention and can ensure that assessments collect this minimum data set. Therefore, there is a 

minimum data set required to produce meaning clinical judgements. This implies that every node in 

the tree requires answers which help to define and direct the required data to be captured by the 

user. However, statistical records of the use of GRiST shows that 32,580 patients did not have the 
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minimum data set and 1,289 suicide attempts were missed in them. The findings thus show that the 

unanswered questions and nodes ignored may lead to some missing data set which the user has failed 

to capture. The findings show that this can been attributed to the perspective of the user based on 

current workflow due to the common pattern among various users. 

This highlights the importance of using GRiST’ functionality in ensuring that important risk information 

with consequential impact on the risk judgement and plan is captured and communicated across the 

care pathway. GRiST’s model is aimed at guiding clinicians towards the most appropriate data for an 

individual patient’s circumstances and assessment context, but the situation where the clinician fails 

to enter the appropriate data at the required point puts the effectiveness of the model in doubt.  

GRiST model is expected to reflect clinician’s practice and mimic the way clinician’s carry out risk 

assessment. The common pattern of omitting certain questions among the various users show that 

users may be adopting a different model than that of GRiST model. 

This finding may raise doubt on the efficiency and effectiveness of the dynamic data collection 

interface in responding to the emerging patient profile in synchrony with the way human experts 

gather evidence. This may also imply some differences in the users’ mental model with that of GRiST. 

It may also infer on the ability of the hierarchical structure of GRiST to drive effective and complete 

clinical data collection. It indicates an anomaly in the pattern of data collection which provides an 

insight into how users collect data and what data are required or collected.  

The findings therefore highlight issues on usability based on the dynamic data collection interface 

used, issues on the structured and systematic approach used which relates to the GRiST model, and 

issues on relevance of some leaf nodes or required data and identifying the most important data to 

collect at every stage. 
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9.5 Data Inconsistencies 

The data analysis shows some inconsistencies in the data entered which could mean lack of 

understanding of the questions or that users do not pay attention to the questions and what is 

required due to time pressure. It could also mean that users are prone to entering any data that is 

convenient for them or they pick any option without considering the implications.  

This situation highlights three critical issues in the development and effective use of GRiST. First, it 

highlights the integrity of the algorithm and model used in GRiST for the systematic collection of data. 

The system may be lacking in the ability to check and control data entry which allows only valid and 

consistent answers to be entered.  

The dynamic data collection interface may have provided a good support to the hierarchical structure 

of risk assessment for structured collection of data but its ability to ensure accurate collection of valid 

answers may be in doubt. There may be a need for the system to flag such data entries and prompt 

directions on what is expected of the user in such circumstances.  

User’s thought processes are very important in the data collection process. Concepts and the related 

data understanding is essential in the collection of risk information. This highlights the need for regular 

training to bring users up-to-date with the system functionalities and how to use the system 

effectively. Furthermore, it confirms the complexity of clinical risk assessment and a system that is not 

well understood which affects the effective use of the system [57]. 

It highlights the issue of lack of clarity on how to assess individual cases for mental health risk which 

is becoming a major concern for clinicians and mental health professionals [120]. It also confirms the 

challenges mental health professionals face in effectively collecting information on risks on the 

individual [120]. It also shows the importance of the interpersonal, cultural, and organizational aspects 

of the clinical decision tool in practice and the need to focus on the human dimension in understanding 
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the user and in meeting his needs with a successful design. A better understanding of these factors is 

required to enhance the risk assessment tool.  

Thirdly, the findings show that the process of risk assessment may be long with too many questions 

to answer. In order to improve consistency, the process could be made shorter, clearer and easier to 

complete. 

 

9.6 Dynamic data collection interface of GRiST 

The findings show the importance of effective data collection process that will ensure the collection 

of relevant, related and consistent and complete set of data. The findings show that there is a risk of 

missing out on some important risk information due to some factors such as time pressure, clinician’s 

assessment skills and the process of data collection.  

This highlights the importance of using GRiST functionality in ensuring that important risk information 

is captured and communicated across the care pathway. GRiST model is aimed at guiding clinicians 

towards the most appropriate data for an individual patient’s circumstances and assessment context, 

but the situation where the clinician fails to enter the appropriate data at the required point puts the 

effectiveness of the model in doubt. 

The dynamic data collection interface of GRiST allows clinicians to enter required data at any point as 

they interact with the system. The clinician has the freedom and option to select any specific layer of 

information to answer related questions. The clinician also has the option to pick and choose the leaf 

nodes/questions to answer in any format. The implication is that some leaf nodes may be ignored or 

deliberately avoided due to the preference of the clinician. These preferences and decision to avoid 

some leaf node may be based on the skills, experiences and intuition; the mental model of the clinician 

that defines a way of data collection; options to choose and the irrelevance of the questions/data [98, 

114].  
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This highlights the importance of clinician’s skill, experiences and intuition which have been described 

as essential elements of risk assessment [12]. Clinicians’ skills may have to be given a big consideration 

in risk assessment especially when a tool such as GRiST is in use. The reliance of the clinician on clinical 

experience and inductive reasoning further corroborates the argument that clinical formulation of risk 

is based on a cognitive understanding of data gathered about risk, ideation, and protective factors 

[178].  

The design of the dynamic data collection interface of GRiST is based on extensive research on how 

experts think and is modelled on how experts carry out risk assessment. However, this research show 

that there are various approaches of data collection in risk assessment which may not have been 

accommodated in the model of GRiST. This confirms the contention and little agreement over what 

information should be collected and what cues should be recorded and how they might be considered 

in combination.  

The freedom of the clinician to pick and choose data entry points may have allowed the clinician to 

depend on skills and experience. However, this freedom of choice has opened up issues of missing 

data, incomplete data and data inconsistencies which may have serious implications for risk 

judgement and management plan. There is need to ensure the incorporation of crucial transient, 

dynamic, qualitative, and idiosyncratic cues to enable the formation of cue patterns and aid effective 

clinical judgement [85, 184, 129, 93, 128].  

A standardised minimum data set that needs to be collected has been suggested based on the 

recommended guideline by NHS National Programme for Information Technology (NPfIT) [10]. The 

preference of the clinician may also be based on the clinician’s mental model which determines the 

user’s preferred way and therefore is used by the clinician to guide the interaction with GRiST.  

The preferred pattern of the user identified in the analysis captures the cognitive thinking and 

behaviour of the user during the use of a system [25]. It identifies the aspects and features of the 

system that can facilitate the accomplishment of a functional task during interaction with the system 
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[28, 29]. It also identifies users’ expectations of the system and the same time gives an evaluative view 

of the system for further enhancements [30].  

This highlights the importance of identifying and understanding the users’ mental model. Users’ 

mental model shows how users perceive a system, how it works and the processes involved. The 

implication of the findings where the user prefers to carry out tasks differently from the expectations 

of the model of the system is that many tasks will not be carried out or completed. An identification 

and understanding of the perception of the user and how the user carries out tasks becomes 

imperative in the use of the system for risk assessment.  

The findings identify common patterns used by clinicians in risk assessment which describes the users’ 

mental model. The third implication of the preferences of the clinicians in avoiding some data may be 

due to the irrelevance of data/questions. GRiST is based on the outcome of an extensive research 

which identified data required and regarded as essential for risk assessment. However, changes in 

medical policies, procedures and guidelines, and medical innovations and scientific discoveries may 

introduce new data requirement making existing data requirements redundant and irrelevant.  

This confirms one main challenge in risk assessment which is the collection of relevant individualised 

information of the patient to produce a comprehensive assessment report that will facilitate effective 

risk formulation and consequent clinical decisions. It shows that an understanding of how clinicians 

collect required relevant information and the process followed may be vital to the enhancement of 

the risk assessment and formulation process.  

The avoidance and omission of some data sets may highlight data redundancy in GRiST which may 

have a major negative impact on risk assessment, judgement and management. The findings identify 

the pattern of the types of data that were omitted. This may require further research to identify new 

data set to replace or add to the required data set of GRiST.  
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Finally, the dynamic data collection interface provides a structure and a systematic approach of data 

collection but lacks the ability to control and guide data entries in a way of ensuring that all required 

data in a layer of questions are entered correctly and completely at every point. There may be the 

need to monitor entries at each layer of questions and a prompt given by the system to guide the 

completion of the data set if the user is leaving the page when it has not been completed. 

 

9.7 Clinical Workflow 

GRiST’s hierarchical task analysis based on a form of classification provides a structure that enhances 

the arrangement of tasks in groups. This structured hierarchical arrangement of tasks therefore 

determines the workflow which is supposed to mimic how experts reason and carry out risk 

assessment. However, the findings show common patterns and approaches different from the 

workflow projected/portrayed by GRiST. The common pattern portrays how the clinicians perceive 

how things should be done.  

This different perception may have affected the data collection process, the set of data collected, and 

the risk judgement and management. Embedding clinical workflow in a system such as GRiST has been 

described as vital to the successful use of the system in the accomplishment of set tasks. Most CDSSs 

have been rejected on the basis of the CDSS not aligned with the practical clinical workflow.  

The common pattern highlighted in the analysis showed the preferred workflow of users by their 

selection of only portions of the data to complete and tasks to perform. This has resulted into 

incomplete task and incomplete data which may have negative implications on the outcome of the 

process.  

This confirms that the importance and usefulness of a clinical decision tool lies in its ability to 

effectively mimic expert knowledge of the human expertise and the clinical workflow in practice which 

has been a major challenge. Its impact in facilitating risk assessment [2, 3] and enhancing quality 
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health care is also dependent on effective understanding and accommodation of the clinician’s 

cognitive workflow which is formalised in the clinician’s mental model of the system. This will make it 

easy for its acceptance and effective utilisation by the clinicians [26, 30]. 

 

9.8 Chapter Conclusion 

The analysis of the set of data representing users’ interaction with GRiST and data entered in a risk 

assessment process highlights a set of important issues and raises a set of questions. The important 

issues highlighted relate to the role of GRiST in solving or meeting the challenges of risk assessment 

and formulation with a focus on its functionalities as enabled by its dynamic data collection interface 

and its hierarchical task analysis structure.  

The findings show missing, incomplete and inconsistent set of data and incomplete task which 

highlight the impact and importance of clinical skills, experience, intuition, mental model, and the 

need for clinical workflow alignment. The findings also raise questions on how GRiST has effectively 

accommodated clinical workflow and aligned its model with users’ mental model, and the ability of 

GRiST to monitor and control users’ entries with some promptings to guide the completion of tasks.  

The identification of some common patterns in the data collection process of risk assessment indicates 

the existence of different clinical workflow and different users’ mental model from that of the GRiST 

model. The identification of some commonly omitted data also indicates some irrelevant or redundant 

set of data which needs further investigation.  

The next chapter gives recommendations to findings by presenting the framework, further studies and 

thesis conclusion. The framework is developed using the if then statement in providing solutions to 

the clinical decision making based on the results of the analysis. 
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Chapter 10 Proposed Framework 

10.1 introduction 

The findings show the need to enhance the risk assessment process of GRIST by addressing the 

shortcomings identified in the study based on the elicited users’ mental model. The proposed 

framework is based on the elicited users’ mental model in the data analysis chapter which is aimed at 

aligning the users’ mental model with the GRIST model. It is also aimed at redesigning the dynamic 

data collection interface to provide a structured and systematic guide to data collection but with a 

good measure of control to ensure the collection of all relevant and required data.  

10.2 Overview of Framework 

Framework is represented using the if -then statements illustrating the flow of the system and users’ 

interaction with the system. If- then- statements represents the conditionalities and the rule base of 

a CDSS and also form the knowledge base of the system. The use of the if-then-statements highlights 

the proposed structure of the process of risk assessment in GRiST. A Decision Tree is further used to 

highlight the mind-map and decision points of the new proposed structure.  

The proposed model is aimed at resolving the issues identified in the data analysis. For example, the 

proposed model will not allow some options to be displayed as these options will be disabled. An 

example is that the “don’t know” option should be disabled for suicide specific leaf question from the 

If-then statement. Another example is that no option including don’t know should be accepted if suic 

freq has been answered, an answer is expected. Again, suic-id freq should be disabled when the past 

intention is no.  

An example of the If-Then statement encapsulated in R language is given below to provide an 

explanation of the structure and control in the data collection interface to guide the collection of 

required data. 
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no value = don’t know  

value= 1,2,3,4,5„,10  

if (suic = ‘yes’) { 

cat (“suic-attempt options = yes and no”) 

} #don’t know option should be disabled for suicide specific leaf question 

if (suic-past-att = ‘yes’) { 

cat (“no option to input suicide attempt date”) 

} 

if (suic-freq = “yes”) { 

cat (“suicide attempts change frequency options”) 

} 

#no option including don’t know has if suic freq has been answered, an #answer is expected.  

if suic-past-att = no { (suic-id-freq = no value) 

} #suic-id freq should be disabled when the past intention is no  

if suic-past-att = yes { 

(suic-id-freq = value) and (suic-most-rec = value) and (suic-first-occ = ‘value’) and (suic-how many = 

value) and (suic-id-freq = value) 

#none of the filter questions should be allowed to input don’t know when the suic-past is answered 

as a yes. #suic-id freq should not include don’t know option when the past intention is yes. 
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10.3 Discussion and explanation of the proposed framework  

The proposed framework is based on the elicited users’ mental model which highlights users’ 

behaviour and interactions with GRiST, and identified users’ pattern indicating clinical workflow or 

expertise. The framework is aimed at enhancing the risk assessment processes by addressing the 

issues raised due to the gap between the GRiST model and the elicited users’ model. The framework 

also builds on the users’ pattern as new knowledge discovery / generation which should be aligned 

with GRiST model. The new knowledge is represented using rule-based system (IF then statements) 

to form the new knowledge base (Rule Base) of the system which determines the risk assessment 

processes. 

The framework therefore is focusing on the effective modelling of human expertise, effective update 

/ modification of the knowledge base to reflect current clinical practice, effective modification of the 

Client Assessment Tree (CAT) which drives the graphical interface for data collection, effective 

collection of complete data, and the usability of the user interface.  

GRiST as a knowledge base CDSS has three component parts namely the data management layer 

(knowledge base/expertise/IF-Then Rules; Patient data and clinical data); inference engine, and; 

interface layer (user interface for data collection and reports). The framework is focused on the data 

management layer and the interface layer. 

10.4 Concepts of the framework 

GRiST is based on how humans in general organise their knowledge and reason with it. Therefore, it 

models human expertise within a generic model of psychological classification which determines the 

processes of risk assessment. It is pertinent to note therefore that its models of human expertise 

should be appropriate for the different users and also be current or reflect current practices / 

expertise. The proposed framework helps in solving this issue identified in the analysis and also helps 
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in modifying the process of risk assessment to reflect current practices identified in the elicited users’ 

mental model and meeting the users’ need. 

GRiST psychological model of expertise creates the knowledge base of the system represented by the 

hierarchical structuring of classifications which should help in disseminating clinical expertise in 

formats that suit different end users and with functionality tuned to the context of assessment. The 

elicited users’ model from the research shows the users’ pattern of assessment and the new clinical 

expertise which should form the new knowledge base of GRiST. The proposed framework showcasing 

the IF-THEN statement rules represents a new knowledge base capturing new users’ pattern and 

expertise. 

The psychological underpinnings of GRiST also require knowledge engineering techniques that would 

elicit clinical expertise which would also ensure that the knowledge and reasoning processes in risk 

assessment are easy to validate by mental-health clinicians and are also made agreeable to machine 

processing. The proposed IF-THEN statement rules are validated by clinicians based on their behaviour 

and identified pattern of risk assessment, and are amenable to machine processing. 

The galatea’s generic form is a hierarchical tree structure that identifies the patient data for collection 

during assessments as well as how experts organise the data when making risk assessments. GRiST 

therefore uses various trees and tree structure to support both the knowledge engineering and risk-

assessment processes. The tree system is thus designed to help in the development and maintenance 

of the GRiST expertise as well as how the knowledge is used within the system. The Client Assessment 

Tree (CAT) represents the complete classification information about a client. It thus requires all nodes 

to be fully expanded wherever they occur and is used to drive the graphical interface for the Data 

Gathering Tool (DGT) that collects information during risk assessment.  The DGT uses the Question 

Tree (QT) as an efficient means of accessing the information it requires. The QT has all the information 

needed to display questions, to obtain the associated client answers, and generate the membership 
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grades for the answers. Thereafter, the Answer Tree (AT) holds the information about a client that is 

collected during an assessment and is dynamically created as the assessment progresses. 

Therefore, the CAT is the fully expanded tree and the QT and AT are used to support the risk 

assessment process. The proposed framework redesigned the QT by adjusting the questions, 

removing redundant and non-relevant questions and providing clear options to enhance the collection 

of relevant and complete response/answer from users for the AT to hold. The proposed framework 

therefore redesigns the Client Assessment Tree (CAT) which drives the graphical interface for the Data 

Gathering Tool (DGT). The dynamic data collection interface is thus adjusted to provide a structured 

and systematic guide to data collection but with a good measure of control to ensure the collection of 

all relevant and required data. 

10.5 Identified Problems addressed by the framework 

The framework is formulated to address four major problem categories identified in the risk 

assessment processes (data collection) of GRiST. The problems categories include patterns and 

approaches of data collection; data inconsistencies and incomplete data; non-alignment of clinical 

workflow; and the usability of the dynamic data collection interface of GRiST. The framework in 

addressing the identified problems is focused on knowledge generation and validation, and 

knowledge management and dissemination elements of GRiST as a knowledge management tool. 

10.5.1 Patterns and approaches of data collection – Knowledge Generation 

GRiST like any other CDSS is primarily a knowledge management tool to provide clinical support based 

on multiple items of patient data. A CDSS therefore relies on high quality data to work. Assuring the 

correct collection of data and their quality is vital before starting to program the clinical rules 

themselves. A part of the requirements should therefore be a thorough description and testing of 

items to be used in the clinical rules. The clinician would input the information and wait for the CDSS 

to output the "right" choice, and the clinician would simply act on that output. This implies the 
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importance of collecting the right input data. Additional traits of a CDSS that improve efficacy include 

allowing a minimal amount of user-entered data. The issue of many unanswered questions shows 

either too many questions or many irrelevant questions. 

The framework helps to redesign GRiST’s functionality to ensure that important risk information with 

consequential impact on the risk judgement and plan is captured and communicated across the care 

pathway. The new framework of GRiST’s model would guide clinicians towards the most appropriate 

data for an individual patient’s circumstances and assessment context. Clinicians would be able to 

enter the appropriate data at the required point. 

The hierarchical structure of GRiST that defines data structures and types of data to be collected is re-

designed by the framework and properly aligned with users’ model.  to be able to drive effective and 

complete clinical data collection, based on how users collect data and what data are required or 

collected. 

 

10.5.2 Controlling data inconsistencies and incomplete data – Knowledge Validation 

Data validation is an important aspect of a CDSS and a key contributing factor of its success. The new 

framework of GRiST’s model is designed to check and control data entry and allow only valid and 

consistent answers to be entered. The ability to ensure accurate collection of valid answers is 

important and the need for the system to flag such invalid data and incomplete entries and to prompt 

directions on what is expected of the user in such circumstances should be incorporated in the data 

collection process/design. 

Furthermore, data generation and validation should be based on users’ thought process / mental 

model of data requirements in order to improve consistency and make the process shorter, clearer 

and easier to complete. 



220 
I.I Agboola, PhD Thesis, Aston University 2022 
 

10.5.3 Enabling input of clinical expertise / workflow – Knowledge Management / 

Clinical Data 

The clinician’s skill, experience and inductive reasoning in risk assessment play a major role in the data 

collection process of risk assessment and the building of the clinical data / knowledge base of the 

system [28; 30]. Embedding clinical workflow in GRiST therefore is vital to the successful use of the 

system in the accomplishment of set tasks.  

GRiST’s hierarchical task analysis provides the structured hierarchical arrangement of tasks and 

determines the workflow of the data collection / risk assessment. The new framework provides a 

structure that is aligned with how clinicians carry out risk assessment as highlighted by the users’ 

model. 

The clinicians’ clinical experience and inductive reasoning in risk assessment is accommodated as an 

enhancement to the process, update of clinical data of the knowledge base and the system. 

10.5.4 Functional dynamic data collection interface of GRiST 

The quality of a decision support system very much depends on its user interface. The user interface 

influences how users interact with the CDSS as it provides users a picture-oriented (visual) way to 

interact with the system and balances the technicality (functionality of the system) and mentality 

(user’s state of mind). The new framework enhances the functionality of the system and aligns it with 

the user’s state of mind. The new framework modifies the hierarchical structure of GRiST model that 

drives the data collection interface to simplify interactions, remove ambiguity that often led to 

confusion and unanswered questions, and create satisfaction of use.  The IF-THEN statement/rule 

provides the pathway of data collection and a guide to the redesigning of the dynamic data collection 

interface. The decision tree in the appendix gives a pictorial view of the framework and the pathway 

of data collection. 
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10.6 Evidence Base of New Proposed Framework 

The evidence of the effectiveness of CDSS and its challenges have been highlighted in several empirical 

studies and systematic reviews by medical researchers [28, 29, 31,46]. While the evidence of the 

effectiveness and success of CDSS is mixed, there is a consensus on the common challenges which 

needs to be addressed. The common issues are, the integration with clinical workflow; user friendly 

functional interface; and reliable data collection process as experienced with GRiST from the analysis 

which the new framework has addressed [71, 79, 29]. 

Different studies have confirmed that one main feature associated with successful CDSS is the 

integration of the system into the clinical workflow [30;79; 69]. GRiST was designed to avoid the two 

fundamental reasons why CDSS are not successfully adopted namely, the failure to integrate with the 

way organisations and their individual employees work; and the inability to communicate information 

effectively [29, 31]. GRiST has therefore been designed to circumvent both problems with its flexible 

requirements and data sharing protocols built into the design process. This validates the new 

framework which reflects the flexibility of acknowledging new clinical practises and effective data 

sharing protocols. A 2014 systematic review in line with other reviews confirms that the failure of 

most CDSS is due to the large gap between the postulated and empirically demonstrated benefits of 

the system [71,51,31]. The new framework aligns the two models and leaves no gap for the success 

of GRiST. 

On the issue of the effectiveness of the data collection process, empirical evidence from surveys of 

the opinions of clinicians shows that one of the problems identified by clinicians is the length of the 

risk assessment / data collection process and the time taken to complete it. Other related problems 

in the data collection process include the difficulty in entering information and finding relevant 

information. It was also observed that the data collection process may prevent clinicians from using 

experience and clinical judgement and provide false reassurance [155, 60]. Studies have shown that 

users find it inconveniencing when required to enter redundant data and to enter copious amounts of 
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data. Furthermore, the inconvenience of being required to enter large amounts of data causes users 

to feel unhappy with the system. These empirical findings support the need for the new framework 

which provides a structure for easy, simplified and controlled data collection. 

On the requirement for a user-friendly functional user interface, empirical studies affirm that a user 

interface need to be logical and intuitive to reduce errors and increase speed [28, 29, 31]. It should 

also balance the technicality, that is the functionality of the system, and mentality of the user which 

can enhance flawless communication and interaction between the user and the decision support 

system. A report on the usability inspection of GRiST suggests that users use satisficing strategies in 

selecting the first option that seem good enough. 

The study examined the usability of GRiST using a hierarchical task analysis, a cognitive walkthrough 

and applying heuristics and made some recommendat5ions to improve the user interface. Some of 

the recommendations include the modification of the implementation model to incorporate user’s 

mental model; avoiding too many information; implement static and dynamic hinting; Avoid giving 

too many instructions, in fact make instructions unnecessary; skip some processes; omit some pages, 

etc. The findings support the recommendations of the new framework which provides a clear, 

structured task analysis process. 

Furthermore, the analysis was based on users’ data of interactions with GRiST over a period of use 

which gives empirical evidence of the challenges in the process of risk assessment and data collection. 

The framework also has to be implemented in GRiST to have a modified hierarchical structure and 

process of risk assessment that would allow for an empirical validation of the new model. 

 

 

 

 



223 
I.I Agboola, PhD Thesis, Aston University 2022 
 

Chapter 11 Recommendations and Conclusion 

11.1 Introduction 

The research is aimed at enhancing risk assessment and formulation with an objective focus on 

examining the processes and approaches of risk assessment and formulation, the challenges and 

requirements for the enhancement of the process. The research is also objectively focused on the 

evaluation of the clinical decision-making model of the risk formulation tool represented by GRIST in 

this research with a view of identifying ways to facilitate the enhancement of risk formulation.  

Accomplishing this aim also required the evaluation of the users’ perspective of risk formulation by 

eliciting users’ mental model for a better understanding of users’ behaviour and preferred method of 

data collection and risk assessment. This chapter brings together all the highlights of the research to 

establish and provide answers to the research questions. The chapter discusses the findings of the 

research in relation to the set research objectives and how the research aim has been fulfilled. 

11.2 Research Findings 

11.2.1 Critical Examination of Risk Assessment and Formulation Approaches and Tools 

The study findings show that formal risk assessment involves complex processes which require a 

structured approach to facilitate simple and easy risk assessment. The chosen approach determines 

the capability of the process and tool in incorporating crucial transient, dynamic, qualitative, and 

idiosyncratic cues to enable the formation of cue patterns and aid effective clinical judgement. The 

main concerns in risk assessment include successful collection of relevant complete risk information, 

the effective recording and integration, and the accommodation of the clinical workflow practice of 

the clinician.  

The importance of effective data collection process that will ensure the collection of relevant, related 

and consistent and complete set of data was highlighted by the research findings. This places the 
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burden on GRIST’s functionalities in general and the dynamic data collection interface of GRIST in 

particular to ensure that important risk information is captured and communicated across the care 

pathway.  

The GRIST interface which is based on Galatean classification model allows clinicians to enter required 

data at any point as they interact with the system. The GRIST’ model is aimed at guiding clinicians 

towards the most appropriate data for an individual patient’s circumstances and assessment context, 

but the findings show some missing data, blank answers, and data inconsistencies which queries the 

effectiveness of the model.  

The underlying reasons for these anomalies in the data collection process could be attributed to time 

pressure, too many questions to answer, non-relevant questions/data, and difference in clinical 

workflow in practice and the workflow projected by GRIST; and differences users’ mental model and 

GRIST model.  

The main implication of this finding is that the differences in clinical workflow of the system and the 

clinical workflow in practice need to be synchronised. The cognitive workflow adopted by the user will 

have to be accommodated in the system. Furthermore, GRIST CDM model will also have to be aligned 

with the users’ mental model. The GRIST CDM model was represented with the drawing of a mind 

map that showed the kind of interactions undertaken with GRiST, it showed the structure of the 

functionalities of GRIST and an understanding of how GRIST as a decision support system supports 

decision making by guiding people through a series of stages. 

 

11.2.2 A critical evaluation of users’ interactions with GRIST by eliciting users’ mental 

model 

The findings identified patterns, behaviours and preferred options or paths of data collection by the 

user which represent users’ cognitive process and their expectations of the system. The patterns 
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identified highlight the aspects and features of the system that can facilitate the accomplishment of a 

functional task during interaction with the system.  

The findings show that user’ preferred options or path when different from the guidelines of GRIST 

result in incompletion of some tasks or incomplete data. Some questions were deliberately ignored or 

unanswered which showed the non-relevance of the questions or data in the process of data collection 

and risk assessment.  

The identified common patterns also show the workflow the user is practicing in risk assessment which 

is different from the workflow projected/portrayed by GRIST. Situations where a path of questions is 

ignored with only few questions answered show the choice of the clinician not to follow the path.  

The elicited users’ mental model identified such common preferred path of the user which highlights 

the need to embed the current clinical workflow in the GRIST in order to avoid missing and incomplete 

data. The extent to which GRIST is able to effectively mimic expert knowledge of the human expertise 

and accommodate the clinical workflow in practice is therefore of paramount importance to the 

effective use of GRIST. 

The elicited users’ mental model highlighted issues that need to be addressed to facilitate the 

enhancement of risk assessment using GRIST. The issues are lack of understanding; role play of 

clinician’s skill, experience and intuition; non-relevance of some questions and or data points; and 

differences in approaches / workflow practices.  

The users’ mental model showed some elements of lack of understanding in some of the questions 

and paths of assessment. Contradictory answers given to some of the questions showed confusion or 

lack of understanding. This may require the provision of help form the system to guide users in 

explaining what is expected to continue the task or expected answers at some points of interaction.  

The users’ mental model also showed the important role the clinician’s skill, experience and intuition 

play in the data collection process of risk assessment. The reliance of the clinician on clinical 
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experience and inductive reasoning in risk assessment need to be accommodated as an enhancement 

to the process and the system.  

The users’ mental model also indicated non-relevance of some questions and or data points which the 

users ignored. The non-relevance of the questions may be due to changes in policies and medical 

procedures and innovations which the system needs to identify and accommodate. The elicited users’ 

mental model also indicated that there are various approaches of data collection in risk assessment 

which may not have been accommodated in the model of GRIST.  

The elicited users’ mental model therefore shows some differences with the GRIST model which need 

to be amended and aligned to the users’ mental model. This will facilitate the enhancement of GRIST 

to be fit for purpose. 

11.2.3 A critical evaluation of the clinical decision-making model of the Risk Formulation 

Tool and Process 

GRiST’s model design is to make it a systematic, structured and holistic tool for gathering risk related 

information both the static and dynamic information. The model is thus a platform here information 

on risk factors could possibly be collected in the easiest, fastest, and simplest manner to be organised 

and integrated to provide an information profile to support rather than replace clinicians’ risk 

judgements.  

The information collection system of GRIST based on hierarchical task analysis classification provides 

a structure to aid quick and easy collection of information with a system organized in layers, starting 

with a short series of screening questions that, if answered affirmatively, point to areas requiring 

further, more detailed investigation. This structured hierarchical arrangement of tasks using the 

structured approach of risk assessment is in line with the standard best practice guideline on risk 

assessment/formulation. The structure determines the workflow which is supposed to mimic how 

experts reason and carry out risk assessment.  
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The findings show that the model provides a structure and a systematic approach of data collection 

but lacks the ability to control and guide data entries in a way of ensuring that all required data in a 

layer of questions are entered correctly and completely at every point. Although the dynamic data 

collection interface provides a structure and a systematic approach of data collection it however lacks 

the ability to control and guide data entries in a way of ensuring that all required data in a layer of 

questions are entered correctly and completely at every point.  

The clinician’s option to pick and choose the leaf nodes/questions to answer in any format resulted in 

the avoidance of some data and incomplete data. The findings show that some questions were ignored 

or deliberately avoided due to the preference of the clinician. This freedom of choice based on the 

GRIST model has opened up issues of missing data, incomplete data and data inconsistencies which 

may have serious implications for risk judgement and management plan. The chosen actions of users 

also show differences between the users’ mental model and the GRIST model and also show the 

important role played by clinicians’ skills, experience and intuition and clinical workflow in practice. 

 

11.3 Research Questions Answered 

The section brings together the research activities and findings to show how the research questions 

have been answered. The main research question is:  

Can clinicians’ mental models be extracted from system interactions with the aim of improving clinical 

decision process for mental health risk assessment and management? 

Providing answers to this main research question requires answers to the following three sub 

questions: 

1. Can mental models provide an understanding of users’ behaviour?  

2. Can mental models be elicited from clinicians’ use of Decision Support System?  
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3. Can the Decision Support encapsulate beneficial mental models? 

 

11.3.1 Can mental models provide an understanding of users’ behaviour? 

The research explored the use of mental models in understanding the cognitive reasoning, behaviour 

and perception of users of a system. This understanding of the users’ perspective of the system 

provides an evaluative view of the user which can be used to improve the system functionalities by 

accommodating the views of the users.  

The elicited users’ mental model showed common pattern of data collected at different layers of the 

hierarchical task structure of GRIST. It also showed data that were commonly omitted and questions 

that were ignored when answers are expected. Missing data, incomplete tasks/data and data 

inconsistencies were common issues identified.  

The elicited users’ mental model with the incomplete data and missing data or ignored questions 

showed the different approach of risk assessment the user has taken. This new identified approach of 

the user is beneficial to the user and indicates the users’ preferred approach and workflow different 

from the suggested approach of GRIST model.  

The underlying reasons behind the chosen approach of the user could be based on the decision to use 

the prevailing clinical practise / workflow which is not the same provided by the GRiST model. Other 

reasons could also be lack of understanding of the system and its expectations, confusion arising from 

the set of questions, nonrelevance of the required data or task, time pressure with too many 

questions, the overriding factor of the clinician’s skills, experience and intuition. These identified 

factors are taken into consideration in the new proposed framework to enhance the functionalities of 

GRiST. 
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11.3.2 Can mental models be elicited from clinicians’ use of Decision Support System? 

The research also explored how the users’ mental model can be extracted effectively from users’ 

interactions with the system. The different possible approaches of eliciting mental models were 

examined and a method suitable to meet the objectives of this research was chosen. A data set of 

users’ interactions with GRIST containing data collected using the dynamic data collection interface of 

GRIST was obtained and used for the extraction of the users’ mental model.  

The data set was prepared and cleaned for the data analysis and extraction of users’ mental model. 

Data analysis and visualisation software was used to identify the common themes, patterns and 

approaches. The result of the analysis enabled the extraction of users’ mental model. 

 

11.3.3 Can the Decision Support encapsulate beneficial mental models? 

The elicited users’ mental model therefore shows some differences with the GRIST model which need 

to be amended and aligned to the users’ mental model. This will facilitate the enhancement of GRIST 

to be fit for purpose as it encapsulates the beneficial mental model of the user.  

Based on the identified common pattern in the users’ mental model, a framework is proposed to 

integrate the users’ approach in the GRIST model that will be beneficial to the users. The framework 

is in an IF-THEN statement that would be used to modify the algorithm of GRIST and change the 

dynamic data collection interface to ensure the collection of complete and relevant data in risk 

assessment and formulation. 

11.3.4 Can clinicians’ mental models be extracted from system interactions with the 

aim of improving clinical decision process for mental health risk assessment and 

management? 

The research findings therefore have shown that users’ mental models which can be described as the 

evaluative view of users concerning the system in use can be extracted from their interactions with 
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the system. It also shows that the extracted users’ mental model provides useful information on the 

users’ behaviour and how they prefer to use the system to meet their needs. The understanding of 

this preferred approach of the user can help in modifying the system to accommodate users’ 

preferences. 

11.4 Research Contributions 

The research has made contributions to knowledge in two distinct academic domain namely mental 

models and clinical decision-making process and support systems. 

In the academic domain of mental model, the research findings have specifically demonstrated the 

importance of users’ mental model, and how to elicit users’ mental model in enhancing the effective 

development of CDSS and enhancing its functionalities. The research has therefore contributed to 

academic knowledge in the area of eliciting user mental model using data log of users’ interactions 

with a system, and in the area of using the users’ mental model for knowledge generation and 

validation in CDSS modification and enhancements. 

The research has also broadened the knowledge of using users’ mental model in capturing current 

clinical practices and workflow in a clinical environment which is applicable in all other domain where 

CDSS may be used. The framework also builds on the users’ pattern as new knowledge discovery / 

generation which should be aligned with GRiST model. The new knowledge is represented using rule-

based system (IF then statements) to form the new knowledge base (Rule Base) of the system which 

determines the risk assessment processes. The elicited users’ model from the research shows the 

users’ pattern of assessment and the new clinical expertise which should form the new knowledge 

base of GRiST. The research has also contributed to knowledge in the area of effective modelling of 

human expertise which is an important prerequisite of developing a functional CDSS. 

In the academic domain of clinical decision-making process and support systems, the research has 

contributed to the enhancement of the data management layer (knowledge base/expertise/IF-Then 
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Rules; Patient data and clinical data), and the interface layer (user interface for data collection and 

reports). 

The research demonstrates how clinical expertise can be identified and captured to update the 

knowledge base and modify the hierarchical structure of the risk assessment process (clinical decision-

making process) which drives the dynamic interface of the system for data collection. The framework 

redesigns the hierarchical structure of GRiST which defines data structures and types of data to be 

collected, in order to modify the risk assessment process and enhance the effective collection of 

clinical data. The framework helps to redesign GRiST’s functionality to ensure that important risk 

information with consequential impact on the risk judgement and plan is captured and communicated 

across the care pathway. 

11.5 Further Research on the Framework 

The simplicity and ease of use of the system and the alignment of its operations with the users’ 

workflow are among the usability features of a system which may not have been demonstrated 

effectively by GRiST. These characteristic features are important in the development and use of any 

CDSS. 

The framework provides a guide for systems (GRIST) developers to facilitate the modification of the 

GRIST ontology, model and the dynamic data interface. It contains issues relating to missing data and 

data inconsistencies to ensure that expected answers and data are entered appropriately. These 

issues can be put in the context of system’s usability. A usability study of GRiST is therefore suggested 

to identify the usefulness, level of satisfaction and the ease of use of the dynamic data interface of 

GRiST in meeting up the objectives and needs of the users. The usability study would help identity the 

best way of designing the graphical user interface of GRiST to accommodate the different needs of 

the various users in different applications. 



232 
I.I Agboola, PhD Thesis, Aston University 2022 
 

GRIST ontology and its base classification model play important roles in the success of GRiST 

application. It is intended to reflect evidence-based practice and mimic clinicians’ mindset and 

perspectives on risk assessment and formulation. It also determines the design of the dynamic user 

data interface, and thus affect the data collection process. A further study on the GRIST ontology to 

understand its usefulness in relation to current mental health risk assessment and formulation 

practices is therefore suggested. 

The framework can be applied in other clinical decision support systems and other web-based 

application. Further research on how to automatically capture clinical expertise as experts use the 

system is required for the automatic validation and update of the knowledge base of GRiST and other 

CDSS. The update of the knowledge base of GRiST is an important concept especially as GRiST is an 

ongoing project. A further study on how the knowledge base can be effectively updated based on 

accurate assessment information and clinical judgement is therefore suggested. 

Further research is also needed in the area of providing effective guide and direction in the form of 

pop-ups, and how to capture experts’ opinions as they carry out the process of risk assessment for 

effective data collection. A system’s usefulness and ease of use if contingent on the useful help tips 

provided and the effective data entry validation process embedded in the system. 

11.6 Research Conclusion 

The complexities of mental health diagnoses and the challenges of risk assessment and formulation 

highlight the need for a good understanding of the risk assessment process and how it can 

accommodate the complexities of mental health risk assessment. Mental health risk assessment and 

formulation is part of a comprehensive review of the mental health of an individual requiring the 

consideration of a combination of psychological, social and other factors to assess risk level and 

identify the care needs of the patient. It involves steps determined by the clinical decision-making 

process adopted in the chosen risk formulation tools based on accepted clinical workflow.  
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The increasing errors in risk assessment has raised concerns on the clinical decision-making process 

and the risk assessment approach applied in making appropriate clinical decisions for intervention. 

This suggests the need to examine the clinical decision-making model of the decision support system 

used for the risk formulation.  

Enhancing risk formulation may therefore require an examination of the clinical decision making 

(CDM) model of the risk formulation tool used and the users’ perceived mental model of the tool 

based on actual clinical workflow.  

This research therefore examines the challenges and issues in risk assessment and formulation, 

examination of clinical decision-making model of the risk formulation tool; and evaluation of users’ 

perspective of risk formulation. The problem domain will thus be focused on enhancing risk 

formulation through having a good evaluation and understanding of the clinical decision-making 

model of the risk formulation process/tool and a good evaluation and understanding of the users’ 

perspective of risk formulation.  

The research concludes that formal risk assessment involves complex processes which require a 

structured clinical decision-making approach to facilitate simple and easy risk assessment. The chosen 

approach determines the capability of the process and tool in incorporating crucial transient, dynamic, 

qualitative, and idiosyncratic cues to enable the formation of cue patterns and aid effective clinical 

judgement.  

The use of the risk assessment tool to accomplish required task also depend on the users’ preferred 

approach which is encapsulated in the users’ mental model of the system. The users’ mental model 

guides the user in the interactions with the system. However, the essence and effectiveness of a 

clinical decision tool lies in its ability to effectively mimic human expertise and the clinical workflow in 

practice which has been a major challenge. Differences between the users’ mental model and the 

system’s model are attributed to the non-accomplishment of tasks and incomplete data identified in 
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the data analysis. A framework that is aimed at aligning the users’ mental model with GRIST model is 

thus proposed. 
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Appendices  

Appendix A: Proposed Framework Prototype using Rules  
The framework is illustrated in the form of If....Then Statement as illustrated in this section 
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Appendix B: Decision Tree 
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